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 12 

Abstract 13 

Aim: The SKT (Syndrom Kurztest) is a short cognitive performance test that consists of nine 14 

subtests and assesses deficits of memory and attention. It was aimed at exploring the SKT target 15 

population in China and to evaluate the reliability and validity of the Chinese version of SKT. 16 

 17 

Method: A total of 1624 patients (599 cognitively normal controls, 359 subjectively cognitively 18 



 2 

impairment, 666 individuals with mild cognitive impairment) aged over 60 years old were recruited 19 

in the Sixth People’s Hospital in Shanghai. Cognitive screening tests (Chinese version of SKT, 20 

MMSE, MoCA-BC, ACE-III, AVLT, BVMT-R) and global functional tests (ECOG, ADL) were carried 21 

out. The SKT raw scores were recorded. Cronbach’s alpha coefficient was determined to assess 22 

the internal consistency reliability of the SKT. Principal factor analysis was performed to evaluate 23 

the factor structure of the SKT subtests. Correlation analyses were carried out to confirm the 24 

relationship between the modified SKT and standardized neuropsychological tests. The influence 25 

of age and educational years on SKT raw scores were detected using multiple regression analyses. 26 

Validations of the SKT subtests for detecting MCI from NC were determined by Receiver 27 

operating characteristic (ROC) curves. 28 

 29 

Result: The internal consistency among the subtests’ scores was high: Cronbach’s α=0.827. 30 

The dimension reduction analysis showed the good factor structure of SKT subtests. 31 

Correlation analysis indicated the SKT raw scores of each subtest was negatively correlated 32 

with the corresponding MMSE and MoCA-B score. Correlation analysis revealed that age and 33 

education years were correlated to SKT raw scores (all p<0.001). We separated the 34 

participants into four subgroups according to educational years and age. Among the four 35 

groups, The old-old with higher educational level (group 4) had the largest area under the ROC 36 

curve (AUC) for SKT memory test, 0.821(95%CI: 0.747，0.876), with sensitivity 84.3% and 37 

specificity 62.1%. SKT memory test provided a high predictive validity in detecting aMCI with 38 

sensitivity 90.1% and specificity 79.3%.  39 
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 40 

Conclusion: Based on our experience with 1624 old patients in Shanghai, the Chinese 41 

version of SKT has good stability which might be a reliable and valid screening tool for 42 

detecting MCI. However, test results must be interpreted with caution considered individuals’ 43 

age and educational level. 44 

 45 

Key word: SKT (Syndrom Kurztest), validation, mild cognitive impairment. 46 

 47 

Introduction 48 

Alzheimer‘s disease (AD) has become one of the most common neurodegenerative diseases 49 

that occur with aging. Clinically, it is characterized by cognitive impairment, executive 50 

dysfunction, and personality and behavior changes. Among them, cognitive impairment is the 51 

core and first symptom of various types of dementia. Different degrees of cognitive 52 

impairment will not only affect the health and quality of life of the elderly but also increase the 53 

socio-economic burden on families and caregivers. The clinical development process of AD 54 

can be divided into preclinical stage, mild cognitive impairment1 (Mild Cognitive Impairment, 55 

MCI), and dementia stage. Amnestic form of MCI (aMCI) is a common subtype of MCI 56 

(amnestic, dysexecutive, and mixed) based on impaired performance on both memory 57 

measures (Rey AVLT delayed recall and recognition). At present, there are approximately 58 

36.5 million patients with Alzheimer's disease in the world, and there are more than 8 million 59 
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patients with Alzheimer's disease in China2. AD has posed a major threat to the health of the 60 

elderly. However, due to the lack of specific treatments for AD at present, early intervention in 61 

MCI or preclinical stage is of great significance for delaying the progression of the disease 62 

and even reversing the course of the disease. It is of certain importance to use cognitive 63 

screening tools before comprehensive neuropsychological assessment. Therefore, the 64 

selection of appropriate and highly sensitive screening tools is essential for the early 65 

diagnosis of MCI and AD.  66 

 67 

Currently, the most frequently used screening tools for AD include Mini-Mental Status 68 

Examination (MMSE), Montreal Cognitive Assessment (MoCA), etc. Tools such as MMSE is 69 

usually affected by education level and age, and the speed of cognitive processing has not 70 

been considered and may not be able to identify subtle memory changes. SKT (Syndrome 71 

Kurztest) is an internationally commonly used cognitive screening tool for assessing memory 72 

and attention published in Germany3. The SKT comprises nine subtests, three of which refer 73 

to memory, the remaining six subtests measure speed of information processing. An 74 

overview of the subtests and tasks to be completed is given in Table 14. The SKT, with its 75 

duration of only about 10 minutes, seems to be a reasonable alternative in the context of 76 

MCI and dementia when compared to other established tests like the MoCA5. 77 

 78 

To further verify the applicability and stability of SKT in different languages and cultural 79 

backgrounds, it has been translated into 11 different language versions since 1977 and 80 
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carried out in Spain, England, Chile, South Korea, Brazil, the United States, and other 81 

countries6, 7. Cross-cultural verification shows that the structure of SKT has excellent stability. 82 

It is verified by cross-cultural research that SKT is not affected by education level and takes 83 

into account the factor of speed of information processing 8. Although the samples have 84 

certain heterogeneity, SKT can still fully detect the decline of memory and attention and is 85 

suitable for the early screening of mild cognitive impairment (MCI), dementia, and the 86 

severity of cognitive impairment. 87 

 88 

China has the largest population of people with dementia. In that sense, we need a 89 

screening tool that can be used to assess different degrees of cognitive impairment. At the 90 

same time, the applicability needs to be considered, not only its adaptation to the ability of 91 

different types of dementia patients but also with regard to the usability for clinicians, general 92 

practitioners, nurses, etc. Also, the application is relatively easy and the tasks of the SKT are 93 

presented in a playful way for the patients. Thus, this study aims to explore the application of 94 

the SKT in a target population in China and to assess its validity. 95 

Method 96 

Producing the Chinese version of the SKT 97 

The Chinese version of SKT was translated and culturally adapted to the Chinese population. 98 

Followed the guidelines introduced for the translation and cultural adaptation of SKT9, the SKT 99 
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test materials were modified. First, some of the pictures included in Subtest 1 were changed: 100 

sofa to bicycle, pentacle to flower, goblet to teacup, suitcase to umbrella. Substituted pictures 101 

were taken from original SKT test material, which would be familiar to the Chinese elderly. 102 

Secondly, the English alphabetic characters in Subtest 7 were changed to Chinese characters: 103 

‘AB’ in Form A to ‘甲乙 (Jia-Yi)’. 104 

 105 

Participants 106 

The present study included all the 1624 patients (599 cognitively normal controls, 359 107 

subjectively cognitively impaired, 666 individuals with mild cognitive impairment (MCI)) 108 

referred between December 2018 to June 2021 to the Sixth People’s Hospital in Shanghai 109 

fulfilling the following criteria: (1) age 60 years or older, (2) diagnosis of mild cognitive 110 

impairment (MCI, in accordance with the consensus criteria 10, subjective cognitive impairment 111 

(SCD, meeting two major features of SCD criteria proposed by SCD-initiative) 11, (3) complete 112 

assessment with all SKT subtests. As an indicator of the clinical severity of SCD and MCI, 113 

assignment to stage II (only subjective impairment) or stage III (MCI) of the Global 114 

Deterioration Scale (GDS ) 12 was required. Exclusion criteria were (1) age below 60 years, (2) 115 

all other diagnosis than the ones required for inclusion, e.g., other forms of dementia 116 

(Parkinson’s disease, stroke, encephalitis, meningitis, alcoholism, drug abuse, and head 117 

trauma), other forms of depression and (3) not being able to complete all SKT subtests (e.g., 118 

due to severe hearing and vision impairments, due to not being able to understand the test 119 
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instructions).  120 

 121 

Written informed consent was obtained from all the participants or their caregivers. The ethics 122 

committee of Shanghai Jiao Tong University Affiliated Sixth People’s Hospital approved this 123 

study. 124 

Neuropsychological assessment  125 

Besides the SKT, all the participants underwent the standard neuropsychological tests, 126 

including Chinse adapted version of MMSE13, MoCA-B14, \Addenbrooke’s Cognitive 127 

Examination III (ACE-III)15. Global functional capacity was assessed by the Everyday 128 

Cognition (ECOG), the Functional Assessment Questionnaire (FAQ). Part of the participants 129 

underwent the Chinese adapted Auditory Verbal Learning Test (AVLT, n=574)16 and the Brief 130 

Visuospatial Memory Test-Revised 17(BVMT-R, n=520). All the neuropsychological 131 

assessments were carried out in Mandarin Chinese by trained raters blind to the diagnosis. 132 

Statistical analysis 133 

SKT raw scores were entered in a database. Time consuming in completing the test 1,3,4,5,6,7 134 

was documented (Maximum: 60 seconds), and missings or not remembered objects were 135 

recorded in test 2,8,9 (Maximum: 12). The comparison of demographic characteristics, 136 

neuropsychological assessments, and SKT subtest raw scores between NC, SCD, and MCI 137 

were conducted using ANOVA and further analyzed by LSD post-hoc analysis. Chi-square 138 
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tests were applied to categorical data. Cronbach’s alpha coefficient was determined to assess 139 

the internal consistency reliability of the SKT. Principal factor analysis was performed to 140 

evaluate the factor structure of the SKT subtests. Concurrent validity of SKT with MMSE, 141 

MoCA-B was assessed using Linear Regression analysis. Pearson correlation analysis was 142 

used to evaluate the correlations between the SKT subtests in memory domain and AVLT, 143 

BVMT-R separately. Multiple regression analysis was used to evaluate effects of age and 144 

education years on the performance of SKT and other standardized neuropsychological tests. 145 

Receiver operating characteristic (ROC) curves were used to determine the ability of SKT 146 

memory subtests in discriminating participants with MCI from NC. Statistical analyses were 147 

conducted using IBM SPSS Statistics 22.0 and MedlCalc 19.0. 148 

Results 149 

Demographic characteristics and performance of 150 

neuropsychological tests 151 

The demographics and performance of standardized neuropsychological tests in the group of 152 

NC, SCD, and MCI are shown in Table 2. The study population consisted of 737 males and 153 

887 females whose mean age was 69.29±7.15 years (range 60–89 years) with a mean 154 

duration of education of 11.47±3.39 years (range 0–25 years). MCI group was significantly 155 

older than the SCD group and the NC group, with significantly lower education level than the 156 

other two groups. In comparison to the NC group and the SCD group, the MCI group showed 157 
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the worst performance in all the cognitive screening tests (MMSE, MoCA-B, ACE-III, AVLT, 158 

BVMT-R). The SCD group scored significantly lower in MMSE and MoCA-B compared to the 159 

NC group. The MCI group showed functional decline compared to the NC group assessed by 160 

ADL. However, the three groups showed no statistical difference in the ECOG.  161 

Psychometric properties of the Chinese version of SKT 162 

The raw scores of SKT of the three groups are compiled together with the results of the group 163 

comparison in Table 3. For all of the SKT Subtests, the raw score of each Subtest was 164 

negatively correlated with the corresponding MMSE and MoCA-B scores. The Pearson 165 

correlation coefficient ranged from -0.258 to -0.621 (p < 0.001) for the SKT score and MMSE 166 

score, and ranged from -0.236 to -0.636 (p < 0.001) for the SKT score and MoCA-B score. 167 

 168 

The internal consistency among the subtests’ scores was high: Cronbach’s α=0.827. For the 169 

subtests of memory dimension (Subtest 2,8,9), the Cronbach’s α  was 0.800. As for the 170 

attention dimension (Subtest 1,3,4,5,6,7,10), Cronbach’s α equal to 0.807. To validate the 171 

dimensions underlying the SKT, a dimension reduction analysis was carried out on the raw 172 

scores of the nine subtests. The rotated component matrix is presented in Table 4. The three 173 

memory subtests (Subtests 2,8,9), which include immediate and delayed recall plus 174 

recognition memory, have uniformly high loadings on factor 2. All of the remaining subtests 175 

have significant loadings on factor 1. 176 

 177 
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Auditory Verbal Learning Test (AVLT) and the Brief Visuospatial Memory Test-Revised (BVMT-178 

R) both are standardized cognitive screening tools examining verbal memory and visual 179 

memory respectively. We carried out the correlation analyses between SKT memory tests and 180 

AVLT, BVMT-R (see Table 5). SKT subtests of memory domain were more closely correlated 181 

to the AVLT. The correlated coefficients of immediate recall and delayed recall were -0.519 and 182 

-0.603 respectively. Of all the three memory types, delayed memory was the most closely 183 

correlated through comparison (subtest 8×AVLT, r=-0.603. subtest 8 × BVMT-R, r=-0.513 ).   184 

Correlations between demographic variables and SKT 185 

subtest scores 186 

We analyzed the effects of age, educational years on the SKT subtest scores and other 187 

cognitive screening tests (see Table 6). Multiple regression analysis revealed that age was 188 

positively correlated to SKT raw scores (all p<0.001). Educational years were negatively 189 

correlated to the SKT raw score (all p<0.001). Of all the nine subtests, the multiple R value of 190 

subtest 2 and subtest 8 were the relatively higher than the other subtests (R=0.297,0.301). In 191 

the other four standardized neuropsychological tests (MMSE, MoCA-B, ACEIII), the age and 192 

educational years were also correlated to the test scores.  193 
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ROC analyses of Chinese version of SKT in identifying 194 

MCI from NC  195 

Given that SKT raw scores may be affected by educational years and age, participants in our 196 

study were stratified by age and educational years to reduce the demographic bias. Strata of 197 

two age levels: Young-old (60-74 years), Old-old (＞=75 years). Strata of different 198 

educational levels: Lower educational level (educational years <=12years); Higher 199 

educational level (educational years >12years). So, we divided subjects by age and 200 

educational years into four groups: Group 1 (young-old with lower educational level), Group 201 

2 (young-old with higher educational level), Group 3 (old-old with lower educational level), 202 

Group 4 (old-old with higher educational level). 203 

It has been posited that memory impairment is the protruding symptom of MCI, ROC 204 

analyses were performed to evaluate the validation of SKT subtest of memory dimension 205 

(Immediate recall+Delayed recall+Recognition) in discriminating individuals with MCI from 206 

NC in different subgroups (Figure 1). In two age strata (young-old, old-old, respectively), 207 

ROC curve analyses suggested that the SKT memory test can better discriminated MCI from 208 

NC in subgroups with higher educational level (see Table 7). Among the four groups, group 4 209 

had the largest area under the ROC curve (AUC) ,0.821(95%CI: 0.747,0.876, with sensitivity 210 

84.3% and specificity 62.1%, which is significantly higher than group1, group 2 and group 211 

3(p=0.019,0.035,0.025 separately). The AUC showed significant difference between group 1 212 
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and group 2 (AUC=0.707,0.767 P=0.017).The cut-off value (missings or not remembered 213 

objects) of group 2 and group 4, who were well educated, was the lowest.  214 

We also carried out the ROC analyses to verify the accuracy of SKT memory test in 215 

discriminating aMCI (amnestic MCI) from NC(see Figure 2). The AUC was 0.878 (95%CI: 216 

0.845, 0.911), with sensitivity 90.10% and specificity 79.3%, indicating that SKT memory test 217 

had good accuracy in distinguishing aMCI from NC.ROC analyses of delayed recall also 218 

showed good power in detecting aMCI with AUC of 0.827(95%CI: 0.789, 0.865).  219 

Discussion 220 

This study supports the notion of the reliability of the Chinese version of SKT. The internal 221 

consistency, which is considered an essential aspect of the test battery, was found to be good 222 

in the study. The value of Cronbach’s coefficient obtained, α = 0.827, indicates high 223 

intercorrelations among subtests. The Cronbach’s coefficient is α = 0.800 for the memory 224 

domain and α = 0.807 for the attention domain. The early studies have verified the reliability 225 

of SKT of different cultures, which was similar to our research, the Cronbach’s coefficient varies 226 

between 0.80 to 0.88. 18, 19. Erzigkeit’s study20 , based on a sample of 3789 subjects, showed 227 

that the reliability of memory and attention domain was very good. The Cronbach α value of 228 

the memory domain was α = 0.86, and that of the attention domain was α = 0.90.  229 

 230 

The factor analysis confirmed the existence of the two domains underlying the SKT subtests 231 
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(see Table 4). Factor 1 was related to subtests accomplished under time pressure (subtests 232 

1,3,4,5,6,7). Factor 2, which related to Subtest 2,8,9, represented cognitive domains of 233 

memory. In that sense, those subtests are dependent on attention and memory separately. 234 

The results of the factor analysis were similar to the early studies in Germany, the USA, and 235 

Korea21-23. In producing the Chinese version of SKT, many pictures of the original version 236 

unfamiliar to the Chinese elderly were replaced. In that sense, we can avoid the situation that 237 

the naming may be related to the unfamiliarity of the presented objects and not to attention or 238 

memory; that is, if an object cannot be named, it cannot be recalled, thus affected the scores 239 

of the memory domain. In all, the Chinese version of SKT kept psychometric properties and 240 

factor structure comparable to the original test version. 241 

 242 

Our study verified the validation of the Chinese version of SKT in detecting the earlier stage of 243 

cognitive impairment stage. We found a substantial correlation between the SKT scores and 244 

the MMSE and MoCA-B scores respectively. For all of the SKT subtests, the raw score of each 245 

subtest correlated negatively with the corresponding MMSE scores and MoCA-B scores (see 246 

Table 3). Between the three subgroups, there are significant statistical differences in all the 247 

subtests of SKT (p<0.001). Further analysis of the results performed by comparing each 248 

subgroup, SKT sub-scores significantly differed between the NC, SCD and MCI. Despite the 249 

SCD refers to the self-perception of cognitive performance, which is conceptually independent 250 

of the performance of the cognitive test, the SKT subtests showed good sensitivity in 251 

identifying the different stages of cognitive impairments. The first symptoms of AD are not 252 
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limited to memory decline, and patients may report memory decline when they experience 253 

declines in other cognitive domains. SKT used questions specifically related to memory 254 

functioning (immediate recall, delayed recall, recognition memory), which have strong 255 

evidence for an association of preclinical AD. Besides, the SKT was developed and elaborated 256 

using tasks in other cognitive domains beyond the assessment of memory decline(attention). 257 

In sum, the SKT may be an excellent predictor of objective performance and may facilitate the 258 

identification of the very early decline related to AD.  259 

 260 

Very few studies have illustrated the diagnostic power in screening MCI from NC. At first, we 261 

analyzed the effects of age and educational years on SKT raw scores. The multiple 262 

regression analysis showed that the patients with more educational years and younger age, 263 

scored lower on the SKT subtests (see Table 6). Participants in our study were stratified by 264 

age and educational years to reduce the demographic bias. Then, ROC analyses were 265 

carried out among the four groups. Group 4 had the largest area under the ROC curve 266 

(AUC) for memory test ,0.821(95%CI: 0.747,0.876), with sensitivity 84.3% and specificity 267 

62.1%, which is significantly higher than group1, group 2 and group 3 (p=0.019,0.035,0.025 268 

separately). The AUC showed significant difference between group 1 and group 269 

2(AUC=0.707,0.767; p=0.017). The cut-off value of group 2 and group 4 who were well 270 

educated was the lowest, suggesting that the cutoff values should be adjusted by 271 

educational level. We have also noticed that people with lower education yielded lower 272 

specificity values suggesting that mild deficits associated to lower education may be 273 



 15 

incorrectly identified as having cognitive decline. Overall, based on our experience of using 274 

the SKT in Shanghai, age and educational level may affect the accuracy in detecting MCI.  275 

 276 

Although in partial disagreement with the original guidelines provided by the Erzigkeit that 277 

the SKT as an instrument not affected by education24, our results is consistent with several 278 

previous studies that the educational levels were associated with the performance of SKT25, 279 

26. Ostrosky conducted a study on 335 subjects that verified the influence of educational 280 

levels on the accuracy of the SKT (97 mild dementia patients and 238 normal people). The 281 

results showed that SKT showed sufficient performance for subjects with intermediate to 282 

higher education levels. Sensitivity (80.5%) and specificity (80.3%); however, for low-283 

educated and illiterate subjects, the sensitivity and specificity of SKT were significantly lower 284 

(75% and 56.7%, respectively). In sum, our comprehensive analyses provided the evidence, 285 

in Chinese population, that SKT scores may be affected by education and age. 286 

 287 

Amnestic MCI is characterized by mild impaired performance on memory measures. Thus, 288 

we used ROC analyses to evaluate the accuracy of memory tests in SKT to detect aMCI. 289 

198 subjects in our study were identified as aMCI using AVLT test. The sensitivity of SKT 290 

memory tests for aMCI was 90.1% which provided a high predictive validity in terms of the 291 

onset of amnestic MCI in despite of age and educational level. Our preliminary exploration 292 

indicated that the SKT memory tests may have a very good power to discriminate cases of 293 

aMCI from NC. 294 
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 295 

Of all the nine subtests, subtest 8 (delayed recall) showed a good power to differentiate 296 

aMCI from NC(Figure 2). The AUC for the delayed recall was 0.827(95%Cl 0.789-0.865), 297 

with sensitivity 88.8% and specificity 67.4%. The correlation analyses between the SKT 298 

memory tests and AVLT, BVMT-R indicated that the memory impairment detected by SKT 299 

embedded with both verbal and visual memory properties (see Table 5). The close 300 

correlation of SKT with AVLT demonstrated that SKT memory tests exhibited significant 301 

ability to detect verbal memory deficits. Former study of Guo et al16 indicated that AVLT is 302 

superior to visual memory test in the stability of diagnoses and prediction of cognitive decline 303 

with optimal sensitivity and specificity. The MCI patients exhibit the episodic memory 304 

impairment due to pathological changes in the entorhinal cortex and the hippocampus area 305 

with preserved semantic function on the distributed cortex. Also, Chinese is a logographic 306 

language. Material presented visually might be easier to store through double encoding as 307 

imaging and linguistic27. In that sense, Chinese elders might differ from western elders due 308 

to the language differences and verbal memory screening tools maybe more sensitive to 309 

detect memory deficits. 310 

Limitation 311 

Several limitations should be noted. This study is monocentric, and the participants are mainly 312 

from the urban area from Shanghai, thus the geographic and culture variability across China 313 

should be aware of.  314 
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Conclusion 315 

Overall, our study verified the applicability of the Chinese version of SKT. Based on our 316 

experience with 1624 old patients in Shanghai, the Chinese version of SKT has good stability 317 

which might be a reliable and valid screening tool for detecting MCI. However, test results 318 

must be interpreted with caution considered individuals’ age and educational level. 319 

 320 
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Figures

Figure 1

Receiver operating characteristic (ROC) curves of SKT memory tests in detecting MCI patients from NC of
different subgroups



Figure 2

Receiver operating characteristic curves of SKT memory tests in detecting aMCI patients from NC


