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Abstract 

Background: Early distinguishing the cognitive impairment from healthy population is crucial to delay the progres-
sion of mild cognitive impairment (MCI) and Alzheimer disease (AD). Test Your Memory (TYM) has been proved to be 
a valid and reliable screening instrument for AD and MCI. This study aimed to develop a culturally appropriate and 
functional Standard Mandarin Chinese translation of the TYM, and to evaluate its reliability and validity in detecting 
AD and MCI in Chinese.

Methods: 182 subjects with AD/MCI and 55 healthy controls were recruited to participate in this study, and everyone 
undergo the test of Standard Mandarin Chinese version of the TYM (TYM-CN), Mini-mental State Examination (MMSE), 
Montreal cognitive assessment (MoCA-BJ), and Clinical Dementia Rating (CDR) Scale. Concurrently, all the subjects 
with AD/MCI received the general physical and neurologic examinations, extensive laboratory tests, and brain com-
puted tomography/magnetic resonance imaging (MRI). Of which, 90 subjects were asked to complete the re-test 
of TYM-CN at 3 weeks after the initial visit. Intra-class correlation coefficient (ICC) and Cronbach’s alpha was used to 
assess the test–retest reliability and the internal consistency. The validity, sensitivity and specificity were also analyzed. 
One-way analysis of variance, χ2 test, correlation analysis, and receiver operating characteristic curve (ROC) analysis 
were employed, as needed.

Results: The total scores of TYM-CN was 43.89 ± 3.44, 40.88 ± 4.38, and 29.12 ± 7.44 (p < 0.01) for healthy controls 
group, MCI group, and AD group, respectively. The ICC for 11 items of TYM-CN ranged from 0.863 (copying) to 0.994 
(anterograde), and that of the total scale was 0.993, suggesting an excellent reliability. Furthermore, the significant 
correlation was also found between TYM-CN and MMSE (r = 0.76), MoCA-BJ (r = 0.74), and CDR scores (r = 0.76), 
indicating a good validity. A TYM-CN scores ≤ 39.5 had 95% sensitivity and 95% specificity in differentiating AD from 
healthy controls, and that ≤ 43.5 had 75% sensitivity and 91% specificity in distinguishing MCI from healthy controls, 
respectively.

Conclusion: The reliability and validity of the TYM-CN are statistically acceptable for the evaluation of cognitive 
impairment, which may contribute to neuropsychological tests for the diagnosis of AD and MCI from healthy controls 
in China.

Keywords: Dementia, Alzheimer disease, Mild cognitive impairment, Test Your Memory, TYM

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/
publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Open Access

International Journal of
Mental Health Systems

*Correspondence:  zwj@bnu.edu.cn; tian65216@hotmail.com 
1 School of Social Development and Public Policy, Beijing Normal 
University, 19, Xinjiekou Wai Street, Beijing 100875, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13033-018-0240-0&domain=pdf


Page 2 of 11Li et al. Int J Ment Health Syst           (2018) 12:64 

Background
Dementia and other cognitive problems are becoming 
an important public health concern with the increase of 
aging population worldwide. An estimated 44.4 million 
individuals in the world have dementia in 2013 and the 
number will be expected to reach an estimated 75.6 mil-
lion by 2030 [1], and 115.4 million in 2050 [2]. In China, 
which has the largest population of people with demen-
tia, the prevalence of dementia appears to have increased 
steadily between 1990 and 2010 with the aging intensifi-
cation [1, 3, 4]. A recent article published in 2014 showed 
that the prevalence of dementia among individuals aged 
over 65 years was 5.14% in China [5]. Similarly, another 
recent review study, conducted by Prince and his col-
leagues, indicated that the age-standardized prevalence 
for individuals over 60  years varied in a narrow range 
of 5–7% in the most world regions, with a higher preva-
lence of 8.5% in Latin America and a distinctively lower 
prevalence of 2–4% in the four sub-Saharan African 
regions [2]. It was also noteworthy that 58% of all peo-
ple with dementia lived in countries with low or middle 
incomes in 2010, and this proportion will continue to rise 
to 63% in 2030 and 71% in 2050 [2]. Dementia mainly 
includes several types: Alzheimer’s disease (AD), vascu-
lar dementia (VaD), dementia with Lewy bodies (DLB) 
and frontotemporal dementia (FTD), and AD is the 
commonest form of dementia, contributing to 50–75% 
of dementia cases [6]. In China, a notably higher preva-
lence of dementia and AD was found in rural areas than 
in urban ones [5]. Future projections should focus on the 
preventive interventions for lowering the incidence, the 
improvements in treatment and care for prolonging sur-
vival, and the disease-modifying interventions for pre-
venting or slowing progression.

Mild cognitive impairment (MCI), which is associ-
ated with an increased risk of developing Alzheimer’s 
or other subtypes of dementia, affects many more peo-
ple [2, 7], who always represents a transitional status 
between healthy aging and dementia. Its’ prevalence has 
been reported to be between 10 and 20% in people older 
than 65  years [8]. Therefore, the appraisal of a patient’s 
cognition is a crucial part of many medical consultations. 
Cognitive tests not only aid the diagnosis of demen-
tia, but also contribute the medical and social manage-
ment of patients [9]. The need for an early diagnosis of 
AD and other dementia has been widely recognized and 
supported by groups including the UK National Demen-
tia Strategy [10] and the National Institute for Clinical 
Excellence (NICE) [11]. In reality, there was a long delay 
between symptom onset and diagnosis, varying from 8 
to 32  months [12]. It’s well known that early diagnosis 
requires recognition of the first cognitive deficits seen in 
AD and MCI [13].

Once the effective treatments for Alzheimer’s disease 
are available, there will be an even greater need for a 
quick sensitive test that is suitable for use in primary care 
and by non-specialists. Therefore, a short standardized 
mental status examination, which meets the three critical 
requirements for widespread use by a non-specialist [9]: 
take minimal operator time to administer; test a reason-
able range of cognitive functions; and be sensitive to mild 
Alzheimer’s disease, will be helpful for the assessment of 
cognitive function in subjects with memory impairment 
[14].

Currently, the Mini-Mental State Examination (MMSE) 
[15] and Montreal Cognitive Assessment (MoCA) [16] 
are the most commonly administered psychometric 
screening assessment of cognition in China and other 
countries. However, the former has serval disadvan-
tages, such as the insensitivity to the earliest changes in 
highly educated individuals [17], the bias against visually 
impaired [18], and a lack of ability to measure frontal/
executive function [14]. Although the latter had more 
sensitive at detection of mild dementia and a slightly bet-
ter diagnostic accuracy than the former, it’s still has some 
bias against people with poor education [18], who have 
difficulty in completing a test. Therefore, these two tools 
don’t meet the three critical requirements above [9] for 
widespread use by a non-specialist. In the light of the 
above, Brown et  al. [9] designed a brief test (Test Your 
Memory, TYM) for the detection of Alzheimer disease 
(AD) and amnestic mild cognitive impairment (aMCI) 
[13], which consists of a series of 10 self-administered 
tasks, and was reported to be a valid and reliable screen-
ing test for the detection of AD. Currently, TYM has been 
a powerful short cognitive test that examines verbal and 
visual recall and been a valuable addition to the assess-
ment of patients with aMCI/AD [19]. Concurrently, 
TYM has been translated into different languages, such 
as Japanese [14], French [20], Spanish [21, 22], and Polish 
[23], and also presented a good psychometric properties 
and diagnostic capacity to identify case of dementia.

Primary care is a fundamental part of health care sys-
tems in both high and low income countries, and there 
was also ample evidence that primary care contributed to 
the improvement of health outcomes [24]. In rural China, 
primary care including township health center (THCs) 
and village clinics, have dramatically improved access to 
health care in the communities of rural China over the 
last few decades, and are still playing an important role in 
the rural health system. From 2009, Chinese government 
comprehensively implemented the national basic public 
health services projects. Village doctors and the medical 
workers in THCs are responsible for providing basic pub-
lic health services, including the establishment of health 
records, chronic disease screening and management, 
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severe mental disorders management, and health educa-
tion, to rural residents. However, we could not ignore the 
fact that most of workers, especially village doctors, in 
primary cares of rural China did not received the profes-
sional training in medicine. Too complicated technology 
and screening tools were not easy to understand by them. 
Therefore, a simple, convenient, and powerful short cog-
nitive assessment tool would better help them deliver 
public health services to residents, and further increase 
the accessibility and efficiency of public health ser-
vices. Therefore, this study aimed to develop a culturally 
appropriate and functional Chinese version of the TYM 
(TYM-CN) and to evaluate its reliability and validity for 
measuring AD and mild cognitive impairment (MCI) in 
Chinese.

Methods
Instrument
The original version of TYM consists of 10 tasks on a 
double-sided sheet of card with spaces for the subjects 
to fill in response [9]. Specifically, the tasks include ori-
entation (10 points), ability to copy a sentence (2 points), 
semantic knowledge (3 points), calculation (4 points), 
verbal fluency (4 points), similarities (4 points), naming 
(5 points), visuospatial abilities (2 tasks, total 7 points), 
and recall of the copied sentence (6 points) [9]. Addition-
ally, the subjects’ ability to complete the test is also scored 
from 5 points for subjects requiring no help to 0 point for 
patients requiring major help as the 11th task [9, 20], this 
limitation of help is to ensure that the test is performed 
adequately in the process of filling the questionnaire. The 
total scores of TYM is 50 points.

Translation and procedures
To obtain a Chinese version of TYM, multiple transla-
tion procedures were performed according to Beaton’s 
guideline, which was used for cross-cultural adaptation 
of health-related questionnaires [25]. The original version 
of TYM was firstly translated into a standard Mandarin 
Chinese version by two translators, one was a psycholo-
gist and another is a physician majoring in neurology. 
These two translators produced two primary TYM Chi-
nese versions, independently. Subsequently, the third 
reconciled version was accomplished based on a compar-
ison of the former two versions. On this basis, the fourth 
version was a translation of the Chinese version back 
into English and was produced by two additional trans-
lators, who had no the knowledge of the original ques-
tionnaire in advance. Eventually, any discrepancy of the 
fourth version from two translators was also resolved in 
the fifth version (the TYM-CN used in the present study) 
by an expert committee of School of Social Development 
and Public Policy at Beijing Normal University and the 

Department of Outpatient, General Hospital of the Peo-
ple’s Liberation Army (301 Hospital).

Cross-cultural adaptation was necessary in the pro-
cess of translation of original TYM, therefore, the minor 
modifications were made when it was translated into 
Chinese. Specifically, the section about the ability to cop-
ying a sentence “good citizens always wear stout shoes” 
was adjusted to “Chinese working people always wear 
Jiefang shoes”, because the words “Jiefang shoes” is more 
familiar to Chinese people, especially, those over the age 
of 40. Furthermore, the words “Jiefang shoes” is much 
more vividly and specifically. The questions of seman-
tic knowledge are “who is the prime minister?” and “In 
what year did the 1st World War start?” those are not 
common knowledge in China. However, Chinese people 
commonly know “the current national chairman” and 
“in what year People’s Republic of China was founded”. 
Therefore, these two questions were changed into “Who 
is the current national chairman of China?” and “The 
people’s Republic of China is founded in which year?” In 
the verbal fluency test, words beginning with the letter 
“S” were replaced by words beginning with the Chinese 
character ‘Hong’, which means red in Chinese. Chinese 
was familiar with this word, which was always on behalf 
of the happy, lucky, morale, happiness, etc. The last mod-
ification exists at the first question of visuospatial abilities 
test, the letter “W” was replaced by the Chinese char-
acter “Shang”. Chinese people, especially those in rural, 
are unfamiliar with the English letter, however, the vast 
majority of Chinese people know the word “Shang”. The 
other items were translated directly into Chinese.

In order to determine the readability and understand-
ability of the preliminary TYM-CN, it was eventually 
distributed in a pilot study to 15 subjects, including 6 
patients with mild AD, 4 patients with MCI, and 5 fam-
ily members of patients with AD, who were asked about 
any unclear words, phrases, or concepts. The results of 
the pilot study showed that the TYM-CN could been 
easily understood by the subjects without significant 
complaints.

Ethics approval and consent to participate
This study was approved by the Institutional Review 
Board (IRB) of School of Social Development and Public 
Policy (SSDPP) at Beijing Normal University (BNU). All 
subjects provided written informed consent.

Subjects
Convenience sampling method, a type of nonrandom 
sampling, was used in this study. The main assump-
tion associated with this sampling method is that the 
members of the target population are homogeneous 
[26]. Meanwhile, computing reliability and validity for 
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questionnaires/scales need the minimum sample size. 
Based on the previous studies [27, 28], the minimum 
sample size in reliability and validity test should be at 
least 100, or the minimum ratios of sample size to the 
number of variables should be at least five.

A recent review study also found that about 90% of 
articles had a sample size greater than or equal to 100 
for validating a scale [29]. In this study, we think that 
the minimum sample size of 100 subjects should be 
included based on the number of tasks of TYM-CN. 
Eventually, 182 subjects with AD or MCI were recruited 
from the patients attending the neurology outpatients 
from the General Hospital of the People’s Liberation 
Army (301 Hospital) between June 2014 and July 2015. 
Simultaneously, 55 healthy controls, who are family 
member of the patients above, were also included to 
this study.

Inclusion criteria included the following: (1) an ability 
to speak and read Chinese, (2) willing to cooperate with 
the investigators, and (3) agreeing to sign an informed 
consent form. While Exclusion criteria included: (1) the 
impaired verbal communication, visual impairment, (2) 
hearing-impaired, and mental retardation that could 
interfere with neuropsychological assessment, (3) under-
lying medical or psychiatric illness that could affect cog-
nition, and absence of a reliable proxy.

The diagnosis of AD was based on the criteria which 
was published by the National Institute of Neurologi-
cal and Communicative Disorders and Stroke and Alz-
heimer’s Disease and Related Disorders Association 
(NINCDS-ADRDA) [30] and the standard clinical diag-
nostic criteria for the diagnosis of dementia [31]. Addi-
tionally, the following criteria [32], were also used for 
MCI diagnosis of this study, including a CDR score 
(controls = 0, dementia ≥ 1, and MCI ≤ 0.5) [33–35], the 
absence of dementia, memory complaints by the patients 
or their family, normal global cognitive function, normal 
activities of daily living, and the objective impairment 
in memory as evident by scores more than 1.5 standard 
deviations (SD) below the age-appropriate mean. Beside 
above, all patients with AD/MCI received the detailed 
general physical, neurologic and psychiatric examina-
tions, extensive laboratory tests, brain computed tomog-
raphy (CT)/magnetic resonance imaging (MRI).

A neurologist at neurology department of 301 Hos-
pital diagnosed dementia and MCI based on detailed 
neurological, neuropsychological, laboratory, and neu-
roimaging data for each subject. Eventually, one hun-
dred and two subjects were diagnosed as having AD, 
eighty subjects were diagnosed as having MCI. Addi-
tionally, 55 healthy controls were recruited from family 
member of patients, based on the principle of voluntary 
participation.

Neuropsychological tests
All the subjects underwent the Mini-mental State Exami-
nation (MMSE) [36–38], the Beijing version of Montreal 
cognitive assessment (MoCA-BJ) which was translated 
by Wei Wang and Hengge Xie from 301 Hospital [39–41], 
and the Chinese version of Test Your Memory (TYM-
CN) by a three Ph.D. Candidates in psychometrics, under 
the guidance of physician in neurology. Clinical Demen-
tia Rating (CDR) Scale was also used to assess the disease 
severity by a neurologist at neurology department. Con-
currently, MMSE, MoCA-BJ, and TYM-CN tests were 
also administrated to the subjects in healthy controls. Of 
which, ninety subjects, including 70 patients with AD, 14 
patients with MCI, and six healthy control, were asked 
to complete the re-test of TYM-CN by three nurses who 
didn’t know the subjects’ condition, 3 weeks after the ini-
tial visit, when they returned visit in the neurology out-
patients. The demographic data of all subjects including 
gender, age, and educational level were also gathered in 
this study.

Statistical analysis
The continuous data were described by using the means 
and standard deviation values, and the categorical data 
were presented by using frequencies and percentage. 
Differences in gender were analyzed by using the χ2 test. 
Between-group differences in age, years of education, and 
neuropsychological test scores were analyzed by using 
one-way analysis of variance (ANOVA) with a post hoc 
Bonferroni test. The test–retest reliability was quanti-
fied by using the intra-class correlation coefficient (ICC), 
Cronbach’s alpha was calculated to assess internal con-
sistency, and the value above 0.70 was considered to be 
adequate [42]. Meanwhile, the validity of the scale was 
also assessed by calculating the correlations between 
scores of two tests, among TYM-CN, MMSE, MoCA-BJ, 
by using the Spearman rank correlation analysis. Further-
more, the correlations between the scores of TYM-CN 
and CDR was also evaluated. Eventually, the sensitivity 
and specificity of TYM-CN was also assessed by using 
the receiver operating characteristic curve (ROC) analy-
sis. A statistical software SPSS v. 21 (IBM, Chicago, IL, 
USA) was used for analyses in this study.

Results
Demographic and clinical data
The total sample included 237 subjects including 158 
males and 79 females. Table  1 summarized their demo-
graphic characteristics and clinical information based 
on the results of post hoc analysis. No significant differ-
ences (p > 0.05) were found among groups with respect to 
age  [F(2, 234) = 2.147, p = 0.119]. However, there were sig-
nificantly difference in years of education  [F(2, 234) = 3.58, 
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p = 0.029]. Additionally, three groups did differ signifi-
cantly in global cognitive impairment of MMSE scores  [F(2, 

234) = 108.39, p < 0.001] and MoCA scores  [F(2, 234) = 236.56, 
p < 0.001], and dementia severity [CDR:  F(2, 234) = 131.61, 
p < 0.001]. Furthermore, the subjects with dementia per-
formed significantly worse than that with MCI and healthy 
controls, whereas the subjects with MCI performed sig-
nificantly worse than healthy controls on the evaluation of 
global cognitive impairment and disease severity.

Comparisons of TYM‑CN scores among three groups
The results of comparisons between the total TYM-CN 
scores and subscale scores for each group were shown in 
Table  2. The average total scores on the TYM-CN were 
significantly lower in AD and MCI groups than in the 
healthy controls group, and also significantly lower in 

AD group than in MCI group. The group of subjects with 
AD showed significantly lower scores on all the subscales 
including orientation, the ability to copy a sentence, 
semantic knowledge, calculation, verbal fluency, similari-
ties, naming, visuospatial abilities, anterograde memory, 
and executive function, than MCI and healthy controls 
group. Additionally, the group of subjects with MCI 
has also significantly lower scores in most of subscales, 
except for orientation, copying, and naming.

Effect of age, education, and gender on TYM‑CN scores
In this study, age showed a weak correlation with the 
TYM-CN score within the healthy controls group (Ken-
dall’s tau = − 0.25, p = 0.016), but not within the AD 
groups (Kendall’s tau = − 0.05, p = 0.58) and MCI group 
(Kendall’s tau = − 0.02, p = 0.80). As for subscales, there 

Table 1 Demographic data and cognitive screening tests by group (all subjects)

Results are expressed as mean ± SD

MCI mild cognitive impairment, TYM-CN Test Your Memory Chinese version

* p < 0.05, ** p < 0.01

AD, n = 102 MCI, n = 80 Control, n = 55 Dementia 
versus control

Dementia 
versus MCI

MCI 
versus control

Age 79.9 ± 6.49 78.01 ± 7.75 80 ± 6.07 ns ns ns

Gender

Male 79 (77.5%) 58 (72.5%) 21 (38.2%)

Female 23 (22.5%) 22 (27.5%) 34 (61.8%)

Education level (years) 12.57 ± 4.19 12.73 ± 3.15 11.20 ± 4.19 ** ns ns

MMSE 22.72 ± 3.95 27.30 ± 2.08 29.35 ± 1.16 ** ** **

MoCA-BJ 15.42 ± 4.40 22.79 ± 3.30 27.87 ± 1.74 ** ** **

CDR scale 1.12 ± 0.64 0.50 ± 0.00 0.00 ± 0.00 ** ** **

Table 2 Comparison of performance on TYM-CN (total and subscale scores) between three groups

Results are expressed as mean ± SD

MCI mild cognitive impairment, TYM-CN Test Your Memory Chinese version

* p < 0.05, ** p < 0.01

AD, n = 102 MCI, n = 80 Control, n = 55 Dementia 
versus control

Dementia 
versus MCI

MCI 
versus control

Orientation (10) 7.13 ± 2.40 8.41 ± 2.15 8.55 ± 2.50 ** ** ns

Copying (2) 1.86 ± 0.40 1.98 ± 0.16 2.00 ± 0.00 * * ns

Semantic knowledge (3) 1.62 ± 0.86 2.71 ± 0.46 3.00 ± 0.00 ** ** **

Calculation (4) 3.02 ± 1.10 3.65 ± 0.73 3.98 ± 0.14 ** ** *

Verbal fluency (4) 2.19 ± 1.14 2.95 ± 0.98 3.38 ± 0.59 ** ** *

Similarities (4) 2.01 ± 1.38 3.63 ± 0.66 3.98 ± 0.14 ** ** **

Naming (5) 3.20 ± 1.84 3.93 ± 1.67 3.36 ± 1.28 ** * ns

Visuospatial 1 (3) 0.69 ± 1.26 1.94 ± 1.44 2.89 ± 0.57 ** ** **

Visuospatial 2 (4) 2.25 ± 1.61 3.61 ± 0.85 3.93 ± 0.33 ** ** *

Anterograde (6) 1.12 ± 1.75 4.03 ± 1.64 4.65 ± 1.31 ** ** *

Executive (help) (5) 2.94 ± 1.33 3.79 ± 1.27 4.16 ± 0.79 ** ** *

TYM-CN 29.12 ± 7.44 40.88 ± 4.38 43.89 ± 3.44 ** ** **
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was only a weak evidence that the scores of calcula-
tion and naming of the TYM-CN varied with age. The 
years of education showed a weak positive correlation 
with the TYM-CN score within the MCI group (Kend-
all’s tau = 0.23, p = 0.008), but not within the AD groups 
(Kendall’s tau = 0.05, p = 0.55) and healthy controls group 
(Kendall’s tau = 0.14, p = 0.20). Concurrently, there was 
also a weak correlation in between the years of educa-
tion and the scores of semantic knowledge (Kendall’s 
tau = 0.15, p = 0.006), naming (Kendall’s tau = 0.24, 
p < 0.001), and Visuospatial 1 (Kendall’s tau = 0.20, 
p = 0.001). Additionally, a weak positive correlation was 
found between male and the total scores of TYM-CN in 
AD group (Kendall’s tau = 0.19, p = 0.02) and MCI group 
(Kendall’s tau = 0.19, p = 0.049). Furthermore, a weak 
correlation in between gender and the scores of semantic 
knowledge (Kendall’s tau = − 0.17, p = 0.006), verbal flu-
ency (Kendall’s tau = − 0.12, p = 0.05), similarities (Kend-
all’s tau = − 0.21, p = 0.001), naming (Kendall’s tau = 0.17, 
p = 0.005), visuospatial 1 (Kendall’s tau = − 0.27, 
p < 0.001), and anterograde (Kendall’s tau = − 0.13, 
p = 0.027). However, these results may be attributed to 
the sex ratio imbalance, because the male female ratio 
was 2:1 in this study.

Reliability analysis of TYM‑CN
The results of reliability analysis showed that the ICC 
for 11 subscales was highly correlated between the test–
retest among ninety subjects, with a range from 0.863 
(copying) to 0.994 (anterograde) (Table 3), indicating an 
excellent reliability between the test–retest. Furthermore, 
the ICC for the total TYM-CN also presented excellent 
reliability with a value of 0.993. Cronbach’s alpha coeffi-
cient was 0.994 for total scores and 0.843 above for each 
subscale, also suggesting an excellent internal consistency 

for the total scale and subscales of the TYM-CN at the 
primary and secondary visits, respectively. Additionally, 
for all subjects, Cronbach’s alpha coefficient was 0.739, 
suggesting a good internal consistency for the 11 items of 
TYM-CN.

Validity analysis of TYM‑CN
The total TYM-CN scores was significantly correlated 
with scores of MMSE (r = 0.76, p < 0.0001) and MoCA-
BJ (r = 0.74, p < 0.0001). Furthermore, the total TYM-CN 
scores was also significantly correlated with CDR scores 
(r = 0.76, p < 0.0001), which assessed the disease severity.

Sensitivity and specificity of TYM‑CN
The diagnostic utility of TYM-CN with that of both 
MMSE and MoCA-BJ, which examine several cognitive 
domains, were also compared in this study. We found 
there was a significant difference in the Area Under the 
Curve (AUC) in between TYM-CN and MMSE, and 
in between TYM-CN and MoCA-BJ, and the sensitiv-
ity of TYM-CN fell in between MoCA-BJ and MMSE. 
Figure  1 showed the ROC curves which discriminated 
between AD group and healthy control group (Fig.  1a) 
and between MCI group and healthy controls group 
(Fig.  1b), respectively. ROC analysis demonstrated that 
the AUC was 0.989 (95% CI 0.977–1.00) for the TYM-
CN, 0.999 (95% CI 0.997–1.000) for MoCA-BJ, and 0.941 
(95% CI 0.907–0.976) for MMSE in differentiating AD 
from healthy controls group (Fig. 1a). Table 4 illustrated 
the sensitivity and specificity for the diagnosis of AD with 
different cut-offs of the TYM-CN. TYM-CN achieved the 
best differentiation between AD group and healthy con-
trol group for a cut-off value of ≤ 39.5, with a sensitivity 
and specificity of 95% and 95%, respectively. The sensi-
tivity and specificity of the MMSE were 81.8% and 90%, 

Table 3 ICC between the test–retest of the TYM-CN

T1 test, T2 retest, SD standard deviation, ICC intraclass correlation coefficient, CI confidence interval

Subscale T1 (n = 90) T2 (n = 90) ICC 95% CI p‑value

Orientation 7.27 ± 2.05 7.34 ± 2.15 0.965 0.946–0.977 < 0.001

Copying 1.60 ± 0.51 1.53 ± 0.52 0.863 0.791–0.910 < 0.001

Semantic knowledge 2.03 ± 1.13 2.00 ± 1.13 0.980 0.970–0.987 < 0.001

Calculation 2.96 ± 1.35 2.90 ± 1.31 0.979 0.969–0.986 < 0.001

Verbal fluency 2.56 ± 1.48 2.63 ± 1.34 0.973 0.959–0.982 < 0.001

Similarities 2.31 ± 1.69 2.43 ± 1.60 0.984 0.975–0.989 < 0.001

Naming 3.44 ± 1.81 3.57 ± 1.66 0.985 0.978–0.990 < 0.001

Visuospatial 1 1.80 ± 0.86 1.70 ± 0.94 0.893 0.837–0.930 < 0.001

Visuospatial 2 2.13 ± 1.51 2.27 ± 1.47 0.968 0.952–0.979 < 0.001

Anterograde 2.07 ± 2.60 2.13 ± 2.57 0.994 0.991–0.996 < 0.001

Executive (help) 2.78 ± 1.56 2.95 ± 1.49 0.961 0.941–0.974 < 0.001

TYM-CN total 29.91 ± 9.70 30.69 ± 10.16 0.993 0.989–0.995 < 0.001
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respectively, with the established cut off ≤ 24. It should 
be noted that MoCA-BJ also presented the excellent 
diagnostic utility for AD, the sensitivity and specificity of 
the mini-mental state examination were 98.2% and 90%, 
with the established cut off ≤ 23.5. Additionally, Fig.  1b 
showed the results of ROC analysis for MCI group and 
healthy control group, the AUC was 0.887 (95% CI 0.824–
0.951) for the TYM-CN, 0.909 (95% CI 0.859–0.959) for 

MoCA-BJ, and 0.813 (95% CI 0.739–0.887) for MMSE in 
differentiating MCI group from healthy control group. 
Table  5 illustrated the sensitivity and specificity for the 
diagnosis of MCI with different cut-offs of the TYM-CN. 
The TYM-CN differentiated MCI group from healthy 
controls group for a cut-off value of ≤ 43.5, with a sensi-
tivity and specificity of 75% and 91%, respectively. Simi-
larly, MoCA-BJ also presented the excellent diagnostic 
utility for MCI, the sensitivity and specificity were 75% 
and 87% with the established cut off ≤ 25.5. However, 
MMSE didn’t present a good performance in distin-
guishing MCI from health controls, the sensitivity and 
specificity were 81.8% and 67.5%, respectively, with the 
established cut off ≤ 24.5. These findings suggested that 
the TYM-CN may be a powerful diagnostic instrument 
for AD and MCI in Chinese.

Discussion
To the best of our knowledge, we most likely provided the 
first report of the validity and reliability of the TYM-CN 
for the evaluation of cognitive impairment in subjects 
with AD or MCI in a certain Chinese populations. The 
reliability and validity of the TYM-CN were confirmed 
by using an internal consistency analysis and correlation 
analysis, respectively. Concurrently, the diagnostic utility 
was also evaluated by using ROC analysis. The ICC, cal-
culated by the test–retest method, indicated the excellent 
reliability with values of 0.863–0.994 (Table 3), was con-
sistent with the results of the original study conducted by 
Brown et al. [9].

Cultural adaptation will be necessary in the process of 
cross-cultural translation of scales in some researches. In 
this study, TYM-CN was modified with the minor adjust-
ments to the copying, the semantic knowledge ques-
tion, fluency test, and visuospatial abilities, taking into 
account cultural differences. Specifically, the sentence of 
“good citizens always wear stout shoes” about the ability 
to copying a sentence was adjusted to “Chinese work-
ing people always wear Jiefang shoes”, considering that 
“Jiefang shoes” is more familiar to Chinese people. Simi-
larly, most of Chinese people could not answer the ques-
tions of semantic knowledge “who is the prime minister?” 
and “In what year did the 1st World War start?” because 
those are not common knowledge in China. However, 
almost all Chinese people know “the current national 
chairman” and “in what year People’s Republic of China 
was founded”. Therefore, the original two questions were 
changed to the latter two questions. Additionally, in the 
verbal fluency test, words beginning with the letter “S” 
were replaced by the Chinese character words ‘Hong’, 
which means red color, and sometimes symbolizes the 
happy, lucky, morale, and happiness in Chinese. The first 
question of visuospatial abilities test was also modified, 

Fig. 1 Receiver operating characteristic (ROC) curves for the TYM-CN, 
MMSE, and MoCA-BJ screening tests in differentiating AD (a) and MCI 
(b) from health controls. TYM-CN, TYM Chinese version; MMSE, the 
Mini-mental State Examination; MoCA-BJ, Beijing version of Montreal 
cognitive assessment
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namely, the letter “W” was replaced by the Chinese char-
acter words “Shang”. Chinese old people, especially in 
rural, are unfamiliar with the English letter, however, the 
vast majority of Chinese people know the word “Shang”.

Being consistent with the English original, we found 
good correlations between the TYM-CN and other neu-
ropsychological tests. Strong and statistically significant 
correlation, which was found between the TYM-CN 
and the other measures of global cognitive impairment 
(MMSE and MoCA-BJ) and dementia severity (CDR), 
supported the content validity of TYM-CN. These results 
were consistent with those reported previously by the sci-
entists in Japan [14], Span [22], France [20], Poland [23], 
and South Africa [43] by using this scale in their respec-
tive native languages, which have also reported accept-
able correlations between the TYM and other cognitive 
measures. These findings also suggested that the original 
English version of the TYM could be applied cross-cul-
turally for the evaluation of cognitive impairment.

The important correlation between the TYM-CN and 
other global cognitive impairment measures, such as 
MMSE and MoCA-BJ used widely in China, suggested 
that the TYM should be sensitive to executive disorders. 
Furthermore, we also thought that an administration 
time of approximately 10 min should be acceptable for a 
screening test in outpatients or clinics in primary health 
centers, because the MMSE also takes an average of 8 to 
10 min to administer. However, MMSE was insensitive to 
the earliest changes of subjects with high education level 
[17]. Furthermore, the sensitivity of TYM-CN was better 

than MMSE in this study. As Brown put forward earlier 
[9], a screening instrument, meeting the three critical 
requirements, including the minimal operator time, a 
reasonable range of cognitive functions, and the sensitiv-
ity to mild Alzheimer’s disease, for widespread use by a 
non-specialist would contribute to early diagnosis of cer-
tain dementias. Therefore, such tools should be included 
in the cognitive tools and should be encouraged to use 
widely in practices.

In this study, the average total TYM-CN scores were 
similar to those of the English original TYM, which were 
43.9 and 46.6/44.1 [9, 19] in healthy controls group, 
40.9 and 36.3 [19] in subjects with MCI, and 29.12 and 
29.5/33.2 [9, 19] in subjects with AD, respectively. 
Besides the English original TYM, the results were in 
good agreement with those reported by other scientists 
[14, 21, 22, 44]. We also noted that there were slight dif-
ferences in each items scores between the Chinese ver-
sion and the English original in patients with healthy 
control and AD, however, these two tests indicated that 
subjects with AD had particularly impaired anterograde 
memory compared with healthy controls. Furthermore, 
the significant discrepancy were also found in the scores 
of each subscale in between AD and healthy controls, and 
in between AD and MCI. This also indicated that cogni-
tive impairments deteriorated gradually from healthy 
controls to MCI and to AD. As for the results of com-
parison between healthy controls and MCI, most of items 
presented the significant difference except for the sub-
scale of orientation, copying, and naming, this was most 
likely due to the differences in age and severity of cogni-
tive dysfunction.

The diagnostic utility of the TYM-CN to differenti-
ate the cases of AD and MCI from healthy controls was 
supported by the high AUC and its acceptable sensitivity 
and specificity. In this study, TYM-CN differentiate sig-
nificantly better between the AD group and the healthy 
controls than the MMSE, with the optimal cut-off scores 
(39.5), both the sensitivity and specificity for diagnosis 
of AD were 95%. Although, the cut-off score were lower 
than that of English original TYM with the cut-off score 
(42/43), the sensitivity of 93%, and specificity of 86% [9], 
our results also supported that TYM-CN performed 
better than MMSE in distinguishing AD from healthy 
controls. Meanwhile, TYM-CN also distinguished sig-
nificantly MCI from healthy controls with the optimal 
cut-off scores (43.5), the sensitivity and specificity for 
diagnosis of MCI were 75% and 91%, respectively.

As we expected that MMSE also discriminated AD 
from healthy controls with the sensitivity of 81.8% and 
specificity of 90%, at the established cut off of ≤ 24. How-
ever, it did not exhibit the good ability in distinguishing 
MCI from the healthy controls. An early study, conducted 

Table 4 Sensitivity and specificity of optimal cut-off scores 
for diagnosis of AD

Numbers represent percentages

TYM‑CN cut‑off Sensitivity Specificity PPV NPV

≤ 34.5 98 82 99 75

≤ 35.5 95 88 97 81

≤ 37 95 92 97 87

≤ 38.5 95 94 97 90

≤ 39.5 95 95 97 90

≤ 40.5 93 97 98 94

≤ 41.5 87 90 94 98

Table 5 Sensitivity and specificity of optimal cut-off scores 
for diagnosis of MCI

Numbers represent percentages

TYM‑CN cut‑off Sensitivity Specificity PPV NPV

≤ 41.5 87 73 92 69

≤ 42.5 82 79 86 73

≤ 43.5 75 91 84 85
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by Trzepacz et al., also indicated that MoCA and MMSE 
were more similar for dementia cases, however MMSE 
didn’t distinguish MCI cases [45]. This further illustrated 
that MMSE was insensitive to the earliest changes in 
highly educated individuals [17]. Additionally, the mean 
education level of subjects in this study was 12.28 years, 
which may also influence the performance of MMSE. It 
must be mentioned that the sensitivity of MoCA in the 
detection of mild dementia and early cognitive impair-
ment has been well known [46, 47]. Indeed, MoCA-BJ 
also presented a good ability in discriminating AD and 
MCI from health controls, and the order of the AUC was 
the following: AUC MoCA-BJ > AUC TYM-CN > AUC MMSE for 
differentiating AD and MCI from health controls in this 
study. A previous study also showed that the MoCA was 
a better cognitive tool than the widely used MMSE for 
the screening and monitoring of MCI and AD in clinical 
settings [48]. However, the level of difficulty of the items 
of MoCA-BJ was more than that of TYM-CN, therefore, 
it also took a long time in completing the evaluation in 
this study. Previous studies also reported that MoCA has 
some bias against people with poor educations, who have 
difficulty in completing a test [18, 49]. Actually, most of 
individuals over 60 years old in rural China did not got 
a good educations, this may limit the use of MoCA in 
these population. Concurrently, this disadvantage may 
also limit its application by the non-specialists at the 
grass-root health care, especially, in rural area. In com-
parison, the advantage of TYM became apparent, it was 
a self-administered test with a brief but rigorous scoring 
system, excellent inter-rater agreement for scoring, short 
time to completion, and can also be used easily by non-
specialists, besides the advantage of cognitive tests. From 
this perspective, TYM-CN test not only can be used by 
the professionals in hospital, but also can be used by non-
specialists at the village clinics in rural China.

Limitations of this study
Several limitations existed in the present study. First, a 
small convenience sample from the outpatient of one 
hospital was employed, furthermore, the subjects were 
older with mean age of 79 years old, although, there’re no 
difference in age among three groups. Therefore, it could 
preclude a generalization of the results obtained to an 
unselected population. Second, sex ratio imbalance (male 
female ratio of 2:1) was another limitation of this study, 
there was a weak correlation in between gender and the 
scores of subscale in TYM-CN, which may be originated 
from the gender differences. Third, the number of healthy 
controls was small, furthermore, the subjects in healthy 
controls group not only were younger than that in AD 
group, but also has less educational level than that in AD 
group, these limitations may influence the confirmation 

of cut-off value. Further studies of large sample size are 
needed to determine the extent of susceptibility to cul-
tural (such as different ethnic and regions), educational, 
and age bias in our research team in the future.

Of course, there were several strengths which should 
be highlighted. First, all the patients with AD and MCI 
were diagnosed by a neurologist at neurology depart-
ment of 301 Hospital, which is one of the highest level 
of general hospital in China, according to the detailed 
clinical examination data of each subject, based on cri-
teria of NINCDS-ADRDA). Second, CDR scores were 
also employed by the nurses at neurology department 
of 301 Hospital under the guidance of the neurologist. 
Third, to better perform the reliability analysis, 90 sub-
jects were asked to complete the re-test of TYM-CN by 
other three nurses who didn’t know patients’ condition at 
3  weeks after the initial visit. These strengths undoubt-
edly enhanced the credibility of the results.

Conclusion
To the best of our knowledge, this may be the first study 
on the validity and reliability of the TYM-CN in China. 
We found that the TYM-CN was a valid and reliable 
instrument, which could contribute to the diagnosis of 
AD and MCI from the healthy controls. Furthermore, it 
promises to be a screening test by a non-specialist in pri-
mary cares in China in the future.
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