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Abstract
It is a well-known fact that Alzheimer increases with aging. Early detection of Alzheimer has emerged as an
important, because it can prevent of further deterioration of the disease. However, early detection is not always easy
because of the lack of good methods to identify the early stage of Alzheimer. The screening tests of Alzheimer used
around the world. These tests are relatively time-consuming, difficult and distressing for Alzheimer patients. We
consider whether go/no-go task can become the screening test of the Alzheimer patient in future. This study
compared results of the Mini Mental State Examination (MMSE) and the go/no-go task for between Alzheimer
disease patients and normal subjects. The average reaction time and number of total error of go/no-go task that
Alzheimer patients were significantly higher than among the normal subjects. About correlation with MMSE and the
go/no-go task, 6 items of MMSE had correlations of 4 or more test results concerning response time, forgets and
mistakes of go/no-go tasks. These characteristics suggest that there is a possibility that go/no-go tasks could be
applied as a measuring method when screening for early signs of Alzheimer.
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Introduction
People aged 65 years and over accounted for an estimated 7.6% of
the world’s population in 2010, and this is projected to rise to 16.2% by
2050 [1]. In Japan, however, this figure was 23.1% in 2010 and is
projected to rise to 38.8% by 2050 [2]. The structure of the world
population in 2010 indicates that dementia accounted for an estimated
0.5% of the world’s population and it is projected to rise to 1.3% by
2050 [3]. In Japan, this figure was 2.1% in 2010 and is projected to rise
to 3.6% by 2050 [4]. It is well known that dementia rates increase with
aging [3]. Although dementia mainly affects older people, it is not a
normal part of aging. Dementia is deterioration in cognitive function
beyond what might be expected from normal aging. It affects memory,
thinking, orientation, comprehension, calculation, learning capacity,
language, and judgment. The impairment in cognitive function is
normally accompanied, and sometimes preceded, by deterioration in
emotional control, social behavior, or motivation [5].

AD has emerged as an important public health priority, because it may
potentially prevent further deterioration due to the disease. Early
detection will be even more important if new early treatments with
long-term effectiveness are confirmed. However, early detection is not
always easy because of the lack of good methods to identify the early
stages of AD, and research identifying changeable risk factors of AD is
scarce [7]. Therefore, many people with AD often stay undiagnosed
until symptoms are moderate or severe and, in turn, lose the
opportunity to receive early effective treatment. Neuropsychological
tests are carried out to screen for AD. Dementing disorders are
characterized by specific patterns of brain pathology and dysfunction,
but differential diagnosis is often complicated [8]. The screening test
for AD used around the world is the Mini-mental state examination
(MMSE) [9]. In one recent study, it was reported that the Frontal
Assessment Battery (FAB), the Wisconsin Card Sorting Test (WCST),
and the Stroop Test are memory tests for AD. However it was reported
that these tests are relatively time-consuming, difficult, and distressing
for AD patients [10-13]. The present study was conducted with the aim
of ascertaining the reliability and validity of the go/no-go tasks.

Yamada et al. reported that dementias tend to increase year by year
in Japan, Alzheimer's disease (AD) in particular [6]. AD is often
misunderstood, causing withdrawal and difficulties in diagnosis and
care. The effect of AD on caregivers, family, and societies can be
physical, psychological, social, and economic [3]. Early detection of
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Method
Subjects
The subjects in the study were 104 Japanese people, comprising 32
patients with AD (5 men, 27 women) aged 84.4 ± 7.2 years (mean ±
SD) and 72 normal controls (NC; 23 men, 49 women) aged 65.9 ± 4.9
years. Subjects in the AD group were selected from patients registered
at a special elderly nursing home and care health center for the elderly
in Obihiro of Hokkaido, Japan. All AD patients had an AD severity of
1 (mild) or 2 (moderate) based on the Clinical Dementia. Rating scale
(CDR) [14]. All patients with AD met the criteria for probable AD
formulated by the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) Alzheimer’s
Criteria [15]. All AD patients underwent head magnetic resonance
imaging and/or head computed tomography. All ADpatients with
evidence of stroke, as determined either by history or imaging findings,
were exclude. Subjects in the NC group were recruited from
community volunteer groups of participated health education in
Matsumoto of Nagano, Japan. They consented to participate as controls
in the study after the procedure had been fully explained. All were
classified as CDR 0 (healthy) and none of them fulfilled the diagnostic
criteria for possible AD [15] or for AD according to the Diagnostic and
Statistical Manual of Mental Disorders, 4th edition [5,12]. All
participants and guardians of participants were informed of the
potential experimental risks and gave their written informed consent,
consistent with the human subject policy of Shinshu University.

random order. During the differentiation reversal session, the roles of
the red and yellow lights from the differentiation experiment were
reversed, so that subjects were asked to hold the rubber bulb when the
yellow light was lit but not when the red light was lit. The subjects
performed the formation session five times and the differentiation
session and reverse differentiation session ten times each. The
experiment was conducted by computer-controlled equipment
(MECorporation, Nagano, Japan).

Statistical analysis
Non paired t -tests were used to determine whether the normal
subjects were significantly different from the patients of Alzheimer in
MMSE and go/no-go tasks. The correlation coefficient termed as R was
calculated between go/no-go task score between MMSE in patients of
Alzheimer. The level of significance was set at p<0.05. Statistical
analyses were performed using SPSS 11.0.1 Statistical Packages (SPSS
Inc., Chicago, USA). The significance level was set at p<0.05.

MMSE
The Japanese version of the MMSE [9] was used to evaluate the
severity of AD. The MMSE includes the following tasks: 1. What is the
date: (year)(season)(date)(day)(month) - 5 points, 2. Where are we:
(state)(county)(town)(hospital)(floor) - 5 points, 3. Name three
objects: Ask the patient all three after you have said them. Give one
point for each correct answer. Then repeat them until he/she learns all
three. Count trials and record. The first repetition determines the
score, but if the patient cannot learn the words after six trials then
recall cannot be meaningfully tested. Maximum score - 3 points, 4.
Serial 7s, beginning with 100 and counting backward: one point for
each correct; stop after five answers. Maximum score - 5 points, 5. Ask
for the three objects repeated above: one point for each correct.
Maximum score - 3 points, 6. Show and ask patient to name a pencil
and wrist watch - 2 points, 7. Repeat the following, "No ifs, ands, or
buts.& quot; Allow only one trial - 1 point, 8. Follow a three stage
command, "Take a paper in your right hand, fold it in half, and put it
on the floor." Score one point for each task executed. Maximum score
-3 points, 9. On a blank piece of paper write "close your eyes;" ask the
patient to read and do what it says - 1 point, 10. Give the patient a
blank piece of paper and ask him/her to write a sentence – 1, 11. Copy
the design shown – 1.

Go/no-go tasks
The go/no-go tasks [16] were used to assess inhibition. In the first
stage of the go/no-go task, the formation experiment (Figure 1A),
subjects were asked to hold a rubber bulb when a red light was lit. In
the second stage, the differentiation experiment (Figure 1B), subjects
were asked to hold the rubber bulb when the red light was lit but not
when a yellow light was lit. The red and yellow lights were presented in
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Figure 1: Formation, differentiation and reverse differentiation
stage

Results
MMSE
Table 1 shows the MMSE scores in both the AD and NC groups. The
mean MMSE score for NC was 27.9 ± 2.0, and that for AD was 17.8 ±
5.4. Scores for the NC subjects were significantly higher than those of
the AD patients. Eight of the 11 MMSE items showed significant
differences between the groups.

Go/no-go tasks
Table 2 shows the go/no-go task results for both groups. The mean
reaction times in the formation experiment were significantly faster
among NC (225.5 ± 35.2 ms) than in the AD patients (460.7 ± 133.5
ms) (t = -12.7; p<0.001). Reaction times were also significantly faster in
NC during the differentiation session (NC: 319.4 ± 49.0 ms; AD: 488.2
± 90.9 ms; t= -11.8; p<0.001). Similarly, in the differentiation reversal
session, the mean reaction time for NC was 347.8 ± 49.0 ms while that
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for AD was 528.0 ± 104.3 ms (t = -11.1; p<0.001). The overall average
reaction time for all three experiments was 312.3 ± 40.4 ms for NC and
507.0 ± 93.7 ms for AD. Overall, NC subjects were significantly faster
than AD patients (t= -13.8; p<0.001). In the differentiation session, NC
subjects almost never forgot to squeeze the bulb (0.0 ± 0.1 times); in
contrast, AD subjects forgot significantly more often (AD: 2.9 ± 3.6
times; t = -6.3; p<0.001). Both groups mistakenly squeezed the bulb;

the mean frequency in NC was 2.5 ± 1.9 times, and in AD it was 3.6 ±
2.8 times. In the differentiation reversal session, however, AD subjects
forgot to squeeze the bulb significantly more often (NC: 0.0 ± 0.1
times; AD: 3.7 ± 3.9; t = -7.4; p<0.001). Again, both groups mistakenly
squeezed the bulb; the mean for NC was 1.6 ± 1.6 and for AD it was 2.0
± 2.9. There was no difference between groups for mistakenly
squeezing.

No. of MMSE

Normal subjects

Patient of dementia

p value

No. 1

4.9 ± 0.3

2.1 ± 1.6

***

No. 2

5.0 ± 0.2

3.0 ± 1.7

***

No. 3

3.0 ± 0.0

3.0 ± 0.2

NS

No. 4

3.6 ± 1.7

1.2 ± 1.4

***

No. 5

2.8 ± 0.7

1.2 ± 1.3

***

No. 6

2.0 ± 0.0

2.0 ± 0.0

NS

No. 7

1.0 ± 0.1

0.7 ± 0.5

***

No. 8

3.0 ± 0.0

2.9 ± 0.3

NS

No. 9

1.0 ± 0.0

0.8 ± 0.4

*

No. 10

1.0 ± 0.0

0.6 ± 0.5

***

No. 11

1.0 ± 0.0

0.4 ± 0.5

***

Total

27.0 ± 2.0

17.8 ± 5.4

***

Mean ± SD NS: No significant different *: p<0.05, ***: p< 0.01

Table 1: Comparison of MMSE score between normal subjects and patients of dementia
Paragraph

Normal subjects

Patients of dementia

p value

Formation response time

225.5 ± 35.2

460.7 ± 133.5

***

Differentation response time

319.4 ± 49.0

488.2 ± 90.9

***

Reverse differentation response time

347.8 ± 48.9

528.0 ± 104.3

***

Response time average

312.3 ± 40.4

507.0 ± 93.7

***

Differentation forget

0.0 ± 0.1

2.9 ± 3.6

***

Differentation mistake

2.5 ± 1.9

3.6 ± 2.8

NS

Reverse differentation forget

0.0 ± 0.1

3.7 ± 3.9

***

Reverse differentation mistake

1.6 ± 1.6

2.0 ± 2.9

NS

Total forget

0.0 ± 0.2

6.7 ± 7.3

***

Total mistake

0.0 ± 0.2

5.6 ± 5.2

NS

Total error

4.2 ± 3.1

12.3 ± 7.3

***

Mean ± SD NS: No significant different ***: p< 0.01

Table 2: Comparison of go/no-go task score between normal subjects and patients of dementia
Correlations between MMSE items and the go/no-go task measures.
We inspected the correlation with the items of the go/no-go task and
the items of MMSE whether we could use go/no-go task as an
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assessment of Alzheimer. For correlation with MMSE and the go/nogo task of normal subjects, No.2 of MMSE was the only correlation
with the reverse differentiation mistake (R = -0.33, p<0.05), there was
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no other significant difference recognized. Table 3 shows the
correlations between items of the MMSE and measures from the
go/no-go tasks for Alzheimer patients. Item 6 was removed since all
answers were correct and. the results were the same. Items 2, 5, 7, 9, 10,
and 11 of the MMSE had correlations 4 of more test results concerning
response time, forgetting, and mistakes on the go/no-go tasks. The
correlation of item 2 of the MMSE and go/no-go tasks was the
following: the formation response time ( R = -0.40, p<0.05), the
differentiation forget ( R= -0.42, p<0.05), the reverse differentiation
forget ( R = -0.41, p<0.05), and the total forget ( R = -0.42, p<0.05) of
go/no-go tasks. The correlation of item 5 of the MMSE and go/no-go
tasks was the following: the reverse differentiation response time ( R =
0.45, p<0.05), the differentiation mistake ( R = -0.40, p<0.05), the
reverse differentiation of mistake ( R = -0.39, p<0.05), the total mistake
( R = -0.45, p<0.05), and the total error ( R = -0.42, p<0.05) of go/nogo tasks. The correlation of item 7 of the MMSE and go/no-go tasks
was the following: the formation response time ( R = -0.42, p<0.05),
the differentiation response time ( R = -0.49, p<0.05), the response

time average ( R = -0.47, p<0.01), the differentiation forget ( R = -0.67,
p<0.001), the reverse differentiation forget( R = -0.68, p<0.001), the
total forget ( R = -0.68, p<0.001) and the total error ( R = -0.60,
p<0.001) of go/no-go tasks, and the correlation of item 9 of the MMSE
and go/no-go tasks was the following: the formation response time ( R
= -0.49, p<0.01), the differentiation forget ( R = -0.50, p<0.01), the
reverse differentiation forget ( R = -0.49, p<0.01), the total forget ( R =
-0.49, p<0.01) and the total error ( R = -0.53, p<0.01) of go/no-go
tasks. The correlation of item 10 of the MMSE and go/no-go tasks was
the following: the differentiation forget ( R = -0.48, p<0.01), the reverse
differentiation forget ( R = -0.53, p<0.001), the total forget ( R = -0.53,
p<0.01) and the total error ( R = -0.41, p<0.05) of go/no-go tasks, and
the correlation of item 11 of the MMSE and go/no-go tasks was the
following: the differentiation response time ( R = -0.39, p<0.05), the
reverse differentiation response time ( R = -0.44, p<0.01), the response
time average ( R = -0.45, p<0.01), the differentiation forget ( R = -0.47,
p<0.01) and the reverse differentiation forget ( R = -0.47, p<0.01) and
the total forget ( R=0.44, p<0.01) of go/no-go tasks.

Go/no-go task

Item 1

Item 2

Item 3

Item 4

Item 5

Item 6

Item 7

Item 8

Item 9

Item 10

Item 11

Formation response time

0.07

-0.40†

-0.25

-0.18

0.04

―

-0.42†

0.19

-0.49††

-0.17

-0.20

Differentiation response time

0.08

-0.23

-0.03

-0.19

-0.14

―

-0.49†

0.00

-0.03

-0.34

-0.39†

Reverse differentiation response time

0.25

0.04

-0.14

0.01

0.45†

―

-0.19

-0.11

0.07

0.01

-0.44††

Mean response time

0.15

-0.22

-0.11

-0.15

0.07

―

-0.47††

0.12

-0.15

-0.27

-0.45††

Differentiation forgetting

-0.17

-0.42†

-0.21

-0.24

-0.06

―

-0.67†††

-0.08

-0.50††

-0.48††

-0.47††

Differentiation mistakes

-0.36†

0.12

0.16

-0.23

-0.40†

―

0.16

0.05

0.02

0.12

0.28

Reverse differentiation forgetting

-0.20

-0.41†

-0.26

-0.28

-0.10

―

-0.68†††

-0.08

-0.49††

-0.53†††

-0.47††

Reverse differentiation mistakes

-0.16

0.17

0.06

-0.23

-0.39†

―

0.04

-0.30

-0.10

0.13

0.27

Total forgetting

-0.21

-0.42†

-0.26

-0.27

-0.12

―

-0.68†††

-0.09

-0.49††

-0.53††

-0.44††

Total mistakes

-0.29

0.16

0.13

-0.19

-0.45†

―

0.11

-0.15

-0.05

0.16

0.27

Total errors

-0.42†

-0.29

0.17

-0.41†

-0.42†

―

-0.60†††

-0.19

-0.53††

-0.41†

-0.28

†

indicates a significant correlation, †: p<0.05, ††: p<0.01, †††:p<0.001

Table 3: Correlation between go/no-go task score and MMSE item score in AD patients

Discussion
The maximum MMSE total score is 30. Under the standard
indications for the MMSE, a score of 27-30 points is normal, 22-26
points is suspected as mild AD, and 0-21 points are diagnosed with
AD. In our study, the mean MMSE score for NC subjects was 27.9 ±
2.0 and for AD patients was 17.8 ± 5.4. As anticipated, we found that
MMSE measurements for AD were significantly lower than NC.
Yoshida et al. [17] reported mean MMSE scores of 20.7 ± 3.5 in AD
patients (age: 75.3 ± 5.6), similar to our study. Their grouping (NC or
AD) would align with our patient grouping according to MMSE
criteria.
We compared results of the go/no-go tasks between the AD and NC
groups. Reaction times for the forming experiment, differentiation
experiment, and differentiation reversal experiment were significantly
faster among the NC subjects. Collette et al. [12] reported that
response time of go/no-go tasks in AD patients (age: 69.0 ± 7.4) was
506.3 ± 118.5 ms, very similar to our current findings, and in that
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study, the overall average reaction time for all three experiments was
also significantly slower in AD patients. In the differentiation and
differentiation reversal experiments, no significant differences in the
number of mistaken squeezes were observed between the two groups.
In both the differentiation and reverse differentiation experiments,
however, AD patients forgot to squeeze more often than NC subjects,
implying attention and concentration to continue go/no-go task
declines in patients with AD. It can be considered that the results of the
go/no-go tasks have two features. The first is that AD patients had
slower reaction times. The second is that AD patients more often
forgot to squeeze. Tamm et al. [18] reported that go/no-go tasks
require
multiple
executive
functions
including
working
memory,interference avoidance, and response withholding, which have
been established as prepotent responses. Core executive functions are
inhibition and interference control, working memory, and cognitive
flexibility [19]. Response inhibition is an essential executive function
implemented by the prefrontal cortex. Performance of go/no-go tasks,
which are frequently used to investigate response inhibition, requires a
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variety of cognitive components besides response inhibition [20]. This
implies that AD is not characterized by response inhibition, but rather
by a problem occurring with essential executive function. For this
reason, to improve cognitive function in AD, training that targets
activation of brain functions related to concentration may be effective.
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