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Background
	 Before the concept of mild cognitive impairment (MCI) and pre-
clinical stage of dementia (PCSD) were denominated [1] our research 
started with the aim of creating a screening test for slight disorder 
of the brain function in healthy people. Humans recognize informa-
tion obtained by the five senses, collect them in the prefrontal cortex, 
judge how to act based on it, and act, so it is hypothesized that cogni-
tive decline should be measured in the prefrontal cortex function. At 
first, the subjects were given some tasks, and tried to measure the ac-
tivity of the prefrontal area by ECG and NIRS, but both measurement 
methods are noisy and the measurement time is long, so we came to 
the conclusion that they were not suitable for mass screening. Then, 
we have come up with CKPT [2-6] as a neuropsychological test that 
can be used for mass screening.

Introduction
	 In 2011 Sparling indicated the guidelines for diagnosis of Alzhei-
mer’s disease (Figure 1). Research on the treatment of dementia was 
initially targeted at patients with dementia but has not been success-
ful, and a paradigm shift of research has recently occurred to MCI 
and PCSD levels. Along with this, there is a need for an easy-to-use 
method that is not expensive and invasive diagnosis such as PET and 
MRI etc. as a method for diagnosing therapeutic effects. 

	 Devised CKPT is quite suitable for this purpose, because it can be 
used for mass screening. CKPT consists of two subtests, one is the 
applied task of Stroop effect [7] and the other is the task of examining 
short term memory of episodes. The performance of the two tasks 
seems to reflect the level of prefrontal function. 

	 In this study, we describe the evaluation results of various kinds of 
evidence required for practical use of CKPT.
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Objective: Before concept of mild cognitive impairment (MCI) and 
preclinical stage of dementia (PCSD) our study started to detect 
slight declines in the brain. The purpose of this study is to clarify the 
basis of the ability of the devised CWPT (Color Word Pick-out Test) 
to detect slight disorder and classify it at the MCI and PCSD. 

Methods: CWPT is an application of Stroop effect and is including 
an examination of episodic memory to obtain the evidence and ① 
activation of the prefrontal lobe using an inferred spectroscopy, ② 
criterion-related validity using CWPT, WCST, HCL, FAB and MMSE 
③ sensitivity and specificity using MMSE and CWPT are examined. 

Results: ① It is found using a near infrared spectroscopy that 
CWPT is the most effective test for the brain activation, in compar-
ison with quick repetition of 4-5numbers in order, in reverse order, 
Kawashima arithmetic drill and KPT (Kana Pick-out Test). ② among 
the histograms obtained from 22 healthy aging people, only CWPT 
and WCST show normal distributions besides CWPT has good cor-
relation with WCST. ③ Sensitivity and specificity are calculated us-
ing MMSE as a true condition and CWPT as a predicted condition for 
29 subjects with dementia. Sensitivity becomes 0.963 and specificity 
becomes 1.0 by the cutoff of the average-1.5SD of CWPT. 

Conclusion: As a result of these analyses, it has been suggested 
that CWPT can be used to classify the level of disorder during MCI 
and the preclinical stage of dementia. 

Keywords: CWPT; Neuropsychological test; PCSD; MCI; Slight dis-
order

Figure 1: Guidelines for diagnosis of Alzheimer’s disease.
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Methods
	 Actually, the CWPT used in Japan uses Japanese “Hiragana” and 
“Kanji”, it is called CKPT (Color Kanji Pick-up Test). In this paper 
English version of CWPT is used as a sample which is translated in 
English.

	 In CWPT, a story including color words are shown first like Figure 
2 upside. Subjects should read the story memorizing the episode of 
it and pick-out color words discerning the matching of meaning and 
printed color, simultaneously. If the meaning and the printed color 
of the word are matched, give circle (〇) on the word. If unmatched, 
give cross (×) after that, subjects are required to answer the questions 
without seeing the story.

The evidences investigated is as follows: 

1.	 Activation of the prefrontal lobe using an inferred spectroscopy， 

2.	 Criterion-related validity using CWPT, WCST [8], HCL [9], FAB 
[10] and MMSE [11] 

3.	 Sensitivity and specificity using MMSE and CWPT.

Ethical Consideration
	 For this paper, all subjects have agreed to use the data while keep-
ing their personal information confidential.

Evidences
	 Evidences investigated are done under a following hypothesis: 
slight declines in cognitive function should be measured as a decline 
in the prefrontal cortex, because the prefrontal cortex is a command 
to where that collects information obtained from the five senses and 
determines human behavior. 

Activation of the prefrontal lobe

Subjects: S1: 20’s (female), S2: 40’s (female), S3: 60’s (female) and 
S4: 80’s (male)

Methods: Activation is examined using NIRS (Near Inferred Spec-
troscopy), which can obtain real time activation value under doing 
a task.

	 Figure 3 shows the principle. Incident near-infrared rays travel 
scattering in the brain. When the beam backscattered is received out 
of the skull, the spectrum of the received beam is subtracted from the 
spectrum of the incident beam and the absorption spectrum on the 
travelling path is obtained. Using the spectrum, the estimation of the 
amount of oxy-Hb and deoxy-Hb in the path can be done.

Result: To compare the activation ability of each task, the average 
activationvalue is derived from time series signals of each tasks.Table 
1 shows the results where relative values for each task are shownina 
row.To facilitatecomparisonof activation levels, 4 ranks, Low, Mod-
erate, Fair and good are assigned and colored.

0.125<: L, 0.125-0.250: M, 0.250-0.375:F, 0.375>: G

Task 1: quick repetition of 4-5 numbers in order

Task 3: calculating Kawashima arithmetic drill

KPT: Kana Pick-out Test (picking-out Kana characters and recalling 
the episode of the story)

CKPT: Japanese version of CWPT(picking-out color words and re-
calling the episode of the story)

Through this examination, it is found that CKPT is the best task which 
activates the prefrontal lobe.

Criterion-related validity

Subjects: Numbers: 13mails and 9females, Age: 68.9±4.2, Educa-
tionalBG: 2(JuniorHigh School), 10(Senior High School), 5(Junior 
College), 5(University), Dementia criterion: MMSE>27.

Figure 2: CWPTUpside: Storydown side: Questions.

Figure 3: The principle of NIRS comparison is done between tasks under the same 
volume on NIRS.

Table 1: Comparison between tasks [12].
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Methods: CKPT, MMSE, WCST: Wisconsin Card Sorting Test, FAB: 
A Frontal assessment battery at bedside, HCL: Honma Check List.

Results: Histograms obtained on each test are shown at Figure 4. 
On MMSE subjects are distributed at the right end of the histogram, 
indicating that they are healthy people. On the FAB histogram, the 
same tendency is observed. On the other hand, the histogram of HCL 
has no regularity. The reason is that HCL survey is a form to answer 
questions. It is an important notice that on CKPT and WCST in the 
lower part, their histograms have normal distribution and only with 
this distribution, it is possible to classify functions.

	 The correlation coefficient between CKPT and other tests are ex-
amined and the results are shown at Table 2. It is suggested that CKPT 
correlates with WCST (correct numbers) and WCST (error numbers), 
which is well known as prefrontal lobe test.

Sensitivity and Specificity

	 Sensitivity and Specificity of CKPT is examined using MMSE 
which is used as a general neuropsychological test in the world wide. 

Subjects: The subjects are 29 people who attend to day services and 
have some kinds of dementia (Table 3).

Methods: In order to calculate Sensitivity and Specificity of CWPT, 
False negative (FN), True negative (TN), False positive (FP) and 
False positive (FN) are determined first, where true condition is by 
MMSE using cutoff of 27 points and predicted condition is by CKPT  

using the cutoff of average-1.5SD (Figure 5). Then sensitivity and 
specificity are calculated by

Sensitivity = TP/(TP+FN)		  (1),

Specificity = TN/(TN+FP)		  (2).

Results: 4 conditions discriminated by average-1.5SD of CKPT is 
shown for patients with AD (Figure 6). The same analysis are done 
for the other kinds of dementia, Table 4 is the result.Using the total 
number, sensitivity and specificity are calculated as 0.963 and 1.0 us-
ing Equation 1 and 2, respectively.

Summary
	 A neuropsychological test named CWPT (whose Japanese version 
is CKPT) is developed to classify minor cognitive function impair-
ment before MCI of dementia. It is based on the hypothesis that a 
minor decline in cognitive function appears in the prefrontal lobe.

In the investigation of evidences, the followingsare pointed out:

•	 The prefrontal lobe is sufficiently activated during CKPT.

•	 The histograms of only CKPT and WCST have normal distribu-
tion that is the important sign of being able to classify the slight 
disorder on preclinical stage of dementia.

Figure 4: Histograms.

Table 2: Correlation coefficient between CKPT and other tests.

Table 3: Subjects with dementia.

Figure 5: 4 conditions using MMSE and CKPT.

Table 4: Predicted TP,FN,TN,FP of each dementia.
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	 CKPT correlates with WCST which is well known as a prefrontal 
lobe examination.

•	 Both sensitivity and specificity are enough.

Conclusion
	 In Japan the number of healthy people who have received CKPT 
reaches approximately 5000.The criteria used in the process have 
been derived from the latest patients.Persons with an average value of 
-1.5 SD or less are advised to receive a specialist doctor. Such opera-
tions have been accepted and effective. CKPT is also used to measure 
the effects of non-drug therapy.

	 We are hoping to spread CWPT internationally, and are waiting for 
researchers and entrepreneurs to translate it into the languages of each 
country and put it to practical use.
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