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ABSTRACT

Background Cognitive flexibility is also referred
to as set-shifting and is considered to be an important
activity of the frontal lobe. The objective of this study
was to produce a Cognitive Flexibility Test (CFT) that
can evaluate cognitive flexibility in a short time and in a
simple manner and to verify the usefulness of the test.
Methods The CFT, Mini Mental State Examination
(MMSE), Verbal Fluency Test (VFT), and Geriatric
Depression Scale 15 (GDS-15) were implemented
among a total of 94 elderly people who live at home. An
“A” version of CFT (CFT-A), which asked about the pos-
sible uses of a plastic bottle other than drinking and a “B”
version (CFT-B), which asked about the possible uses of
a ballpoint pen other than writing, were produced.
Results In the case of CFT-A, after adjusting the
number of years of education, a significant correlation
was found between CFT-A and the variables age, VFT,
and MMSE. As for CFT-B, after adjusting the number
of years of education, it was found to have a significant
correlation with age and VFT. The number of responses
for CFT-A and CFT-B were significantly lower than
that of VFT. The number of responses for CFT-B was
significantly lower than that of CFT-A.

Conclusion The CFT-A may be useful as a neuropsy-
chological test to evaluate cognitive flexibility among
elderly people that can be implemented easily in a short
time.

Key words cognitive flexibility; Cognitive Flexibility
Test; elderly people; neuropsychological test

The population of elderly people is increasing glob-
ally, and it is expected that the percentage of elderly
people aged 60 or above will be 22% by 2050.! Due
to such demographic changes, it is expected that there
will be a global increase in dementia, for which aging
is the greatest risk factor.? In fact, the World Health
Organization has reported that globally, the number
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of patients with dementia has been increasing rapidly
in recent years.> The prevalence of dementia doubles
approximately every six years after the age of 65, going
from 7% between ages 75-79 to 12% between ages
80—84, 20% between ages 85-89, and 40% at age 90
or above.* While dementia causes a general disabling
of cognitive functions, the cognitive functions that
are disabled vary according to the disease type in the
initial stage. Although there is currently no total cure
for dementia, because of the popularity of drugs such as
Donepezil Hydrochloride, early-stage detection likely
delays progress and improves symptoms.> Hence, there
is an urgent demand for the development and deploy-
ment of high-sensitivity measurement methods that can
detect cognitive functional impairment as seen in the
early stages of all types of dementia.®

In the cerebral cortex, which controls cognitive
functions, the frontal lobe is the part that is responsible
for controlling cognition, emotions, and behavior
by consolidating information from all parts of the
cerebrum. The functions of the frontal lobe are wide-
ranging, but they are all higher-order functions that
control and combine higher-order brain functions with
some degree of independence, such as speech, behavior,
attention, object cognition, and memory.” Therefore,
there are many dementia symptoms that originate in
impaired frontal lobe functions, and thus an evaluation
of frontal lobe functions is important in clinical practice
for elderly people. Cognitive flexibility is also referred
to as set-shifting and is considered to be an important
activity of the frontal lobe.® Cognitive flexibility entails
a capacity for varied generation of ideas and perspective
shifting. As cognitive flexibility declines, generating
ideas and shifting perspectives becomes more difficult,
and an individual may become fixated on a single idea
or may be unable to perform flexible cognition.” Hence,
it can become difficult to adapt to the problems that oc-
cur in daily life.

Neuropsychological tests to evaluate cognitive
flexibility include the Wisconsin Card Sorting Test
(WCST),' Trail-Making Test Part B (TMT-B),'! and
Verbal Fluency Test (VFT).!? Although these tests are
effective, there are several issues when implementing
them among elderly people. WCST is a task that can
cause a lot of stress for those taking the test; it takes ap-
proximately 30 minutes to complete, and it is not always
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suited to elderly people.!® In addition, as specific train-
ing is needed for the test implementer when implement-
ing WCST, it hasn’t been widely adopted in practical
medical use. As there is a need for coordination between
hand movements and sight in the process of implement-
ing TMT-B, it cannot be implemented if the person has
motor or visual impairments, which are common among
elderly people. TMT-B has also been found not to have
a consistently strong capacity for detecting impairments
in frontal lobe functions.'* One type of VFT uses many
words beginning with specific letters, and another type
uses many words that belong in specific categories. It
has been suggested that low verbal fluency increases the
risk of dementia.'* However, VFT depends on semantic
memory that records knowledge'® and is therefore not a
pure assessment of cognitive flexibility.

In light of the above facts, there is a need for a
simple test to evaluate the cognitive flexibility of elderly
people that does not impose a significant burden on
them and can be implemented easily in a short time.
Therefore, in this study, a Cognitive Flexibility Test
(CFT) was produced that can evaluate cognitive flexibil-
ity in a short time and in a simple manner. In this study,
the usefulness of CFT was first investigated among
healthy elderly people.

SUBJECTS AND METHODS

Participants

In this study, 100 elderly people living at home were
asked to cooperate, and 94 of them who consented
were included in the study. The selection criterion was
that the participants had to be aged 60 years or above.
Potential participants were excluded if they had demen-
tia, a visual disability, a hearing disability, aphasia, a
neurological disease, or scored 23 points or less on the
Mini Mental State Examination (MMSE).!”

Procedure

Two versions of the CFT were produced (“A” and “B”).
CFT is a test where the subject is asked to think about
alternative uses of an object if it were to be employed
for a purpose other than its original intended use.
Cognitive flexibility may be explained as the cognitive
function of switching from a concept that has already
been established in the mind to something different.
Based on the assumption that it will be easier to reflect
the cognitive flexibility of the subject if they are being
tested on objects that are frequently used in daily life,
PET bottles and ball-point pens were selected as the
items to be tested. Version “A” asked participants the
following question: “Other than being used for drinking,
what uses does a plastic bottle have? Please list as many

as possible.” If the participant could not answer after
waiting for 10 seconds, a hint was given, stating, “For
example, you could say, ‘Use it as a musical instrument
by inserting adzuki beans.”” The B version asked par-
ticipants, “Other than being used for writing, what uses
does a ballpoint pen have? Please list as many as possi-
ble.” If the participant could not answer after waiting for
10 seconds, a hint was given, stating, “For example, you
could say, ‘It could be used as a bookmark.” For both
the versions of the text, the time limit was two minutes,
and the score was the number of uses listed within two
minutes. In the case where the subjects’ responses were
the same as those already mentioned, they were not
counted as correct answers. In addition, the responses
to the test were dependent on the subject’s imagination,
and therefore, the validity of these responses were not
being evaluated in the test conducted. The test was
terminated if no answer was given within 20 seconds of
giving a hint to the participant or no other answer was
given within 20 seconds of the participant having given
an answer.

Evaluation items

Basic information (gender, age, and years of education),
CFT, MMSE, VFT, and Geriatric Depression Scale 15
(GDS-15) data were gathered from all the participants.
Neuropsychological tests were conducted by certificated
psychologists. For VFT, participants listed as many
nouns as possible that begin with the sound “ka.” First,
the basic information and GDS-15 data were collected,
and then the MMSE, VFT, CFT-A, and CFT-B tests
were conducted in this order.

Statistical analysis

The mean values of the number of responses to the CFT
were calculated by age range. If there is a connection
between CFT and the number of years of education, it
becomes difficult to make sense of CFT. Therefore, the
Pearson’s correlation coefficient was calculated in order
to verify whether there was a relation between CFT
and number of years of education. Where a significant
relationship was observed, a partial correlation analysis
was conducted with the number of years of education
as the control variable and the correlation coefficients
with other variables were calculated. To investigate
the criterion-related validity, the correlation coefficient
was calculated with VFT, MMSE, and GDS-15 as the
external criteria. In addition, a paired t-test was con-
ducted to investigate the difference in the mean values
for CFT and VFT. A paired t-test was also conducted to
investigate the difference in the mean values for CFT-A
and CFT-B.
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Table 1. The mean value and standard deviation for each index by age range

Sixties (n = 18)

Seventies (n = 38)

Eighties (n = 32) Nineties (n = 3)

CFT-A 6.61 £2.09 445+ 1.69 3.66 + 1.75 1.67£0.58
CFT-B 3.89+1.94 2.00+ 147 0.88 +1.39 0.00

VFT 10.00 £ 3.09 8.21+3.21 716 £2.16 4.67+2.08
MMSE 2011+ 1.18 28.03 + 1.64 27.69+1.53 25.00 +4.58
GDS-15 3.61 £3.33 442 +345 5.22+3.35 333£1.15
Age (y.0.) 66.00 +2.95 75.40 £2.89 83.66 £2.51 91.67 + 1.53
Education (years) 13.28 £ 1.90 12.32+1.40 11.47 + 1.80 533+ 115

CFT-A, Cognitive Flexibility Test Part A; CFT-B, Cognitive Flexibility Test Part B; GDS-15, Geriatric Depression Scale 15; MMSE,
Mini Mental State Examination; VFT, Verbal Fluency Test; y.o., years old.

Table 2. Correlation with each variable corrected for education

CFT-A CFT-B VFT MMSE GDS-15 Age
CFT-A 0.60** 0.32%* 0.26* -0.09 —0.44**
CFT-B 0.46%* 0.19 —0.16 —0.46**
VET 0.12 —0.14 —0.22*
MMSE -0.15 —-0.26*

**P <0.01; *P < 0.05. CFT-A, Cognitive Flexibility Test Part A; CFT-B, Cognitive Flexibility Test Part B; GDS-15, Geriatric Depression
Scale 15; MMSE, Mini Mental State Examination; VFT, Verbal Fluency Test.

Ethical considerations

Participants received an overview of the study and writ-
ten explanations that data gathered in this study would
be analyzed so that individuals could not be identified,
only those who consented would be analyzed, and no
disadvantages would arise because of consenting or not
consenting to participate in the study. The informed
consent of subjects was then obtained. This study was
approved by the Institutional Review Board of the
Faculty of Medicine, Tottori University (No. 19A152).
The study was conducted in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki.

RESULTS

Mean values for CFT in each age range

The analysis targeted 91 people, excluding three people
who met the exclusion criteria. Of these, 18 were in their
sixties, 39 in their seventies, 32 in their eighties, and
3 in their nineties. Table 1 shows the mean value and
standard deviation for each index by age range.

In CFT-A, those in their sixties gave 6.61 £+ 2.09
answers, those in their seventies gave 4.45 + 1.69 an-
swers, those in their eighties gave 3.66 + 1.75 answers,
and those in their nineties gave 1.67 £ 0.58 answers.
Meanwhile, in CFT-B, those in their sixties gave 3.89 +
1.94 answers, those in their seventies gave 2.00 + 1.47

answers, and those in their eighties gave 0.88 + 1.34
answers. Those in their nineties gave no answers in
CFT-B.

Correlation between CFT and years of education
To investigate the correlation between CFT and years
of education, the Pearson product-moment correlation
coefficient was calculated. For both CFT-A and CFT-B,
a moderate positive correlation was found with years
of education (CFT-A: 0.49; CFT-B: 0.47). For VFT and
MMSE, a mild positive correlation was found with
years of education (VFT: 0.37; MMSE: 0.34).

Correlation between CFT and age, VFT, MMSE and
GDS-15

The results show that CFT has a moderately positive
correlation with the number of years of education in all
of the cases. Therefore, after adjusting for the number
of years of education by employing partial correlation
analysis, the respective correlation coefficients of CFT,
age, VFT, MMSE, and GDS-15 were calculated (Table
2). For CFT-A, a moderate negative correlation was
found with age, and a mild positive correlation was
found with VFT and MMSE, but there was no cor-
relation with GDS-15. For CFT-B, a moderate positive
correlation was found with VFT, a moderate negative
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correlation was found with age, but there was no cor-
relation with MMSE and GDS-15.

The difference in mean values between VFT and
CFT was evaluated by means of a paired t-test. The
results indicated that the mean values of CFT-A [¢ (90)
=12.00, P < 0.001] and CFT-B [r (90) = 23.20, P <
0.001] were significantly lower than those of VFT. The
difference in mean values between CFT-A and CFT-B
was evaluated by means of a paired t-test. The results
revealed that the mean values of CFT-A [¢ (90) = 15.61,
P < 0.001] were significantly higher than CFT-B.

DISCUSSION

The CFT produced here can be implemented easily in a
short time, and therefore is an appropriate neuropsycho-
logical test for elderly people who may be more prone to
fatigue. The procedure is also very simple, and thus the
test implementer can use it without any special training.

Cognitive flexibility is highly dependent on the
prefrontal cortex, and it demonstrates a capacity to deal
with new situations, which often declines with time
beyond the age of 70.!° In both CFT-A and CFT-B,
a moderate negative correlation with age was found.
These results are consistent with previous study.'® In
VFT, a mild negative correlation with age was found.
In prior research on cognitive flexibility using VFT,
the results regarding the effect of aging on cognitive
flexibility have not been consistent. In some studies, the
total words produced were reported to decrease along
with age.!® However, in other studies, the total words
produced were not reported to change according to
age.!” Therefore, future studies should seek to clarify
how cognitive flexibility is affected by age.

In both CFT-A and CFT-B, a significant positive
correlation was found between both the number of
responses and years of education. In addition, although
this tendency was mild, it was also recognized in
MMSE and VFT, and in all the tests, a mild correlation
was found with years of education. Other studies have
reported that the results of neuropsychological tests and
years of education are connected, and that both MMSE
and TMT are affected by years of education.?® 2! Short
duration of education is also a risk factor in AD,?? and
it may have a certain impact on cognitive function.
Therefore, in CFT, it is necessary to implement the
test with consideration for the years of education of the
participant in the same way as with other neuropsycho-
logical tests.

In CFT-A, a mild positive correlation with MMSE
was found. Therefore, the CFT-A may have validity as
a neuropsychological test for assessing cognitive func-
tion. In CFT-B, however, there were a certain number

of people provided no answers from among the partici-
pants. In addition, there was no significant correlation
between CFT-B and MMSE. For these reasons, it may
be difficult assess the cognitive flexibility of the elderly
people using the CFT-B. In addition, for the tasks in
both CFT conditions, a significant correlation with VFT
was found. From among the frontal lobe functions, flu-
ency may reflect cognitive flexibility.!® Therefore, CFT
may be valid as an effective tool to evaluate cognitive
flexibility from among the frontal lobe functions. VFT
evaluates not only frontal lobe functions related to cog-
nitive flexibility but also the knowledge needed to pro-
duce linked words.!* In other words, VFT is understood
to be a neuropsychological test that assesses two cogni-
tive functions: frontal lobe functionality and semantic
memory. In contrast, CFT requires intellectual activity
by converting concepts that are already present in the
mind to other objects. CFT requires answers within two
minutes, which is one minute longer than the time limit
for VFT, but the mean value of the responses given was
significantly lower than VFT. This suggests that unlike
VFT, CFT does not require cognitive processes to ex-
tract answers with a reliance on memory. Based on the
above, as an index for measuring cognitive flexibility,
CFT may be more appropriate than fluency tasks.

When comparing the number of responses between
CFT-A and CFT-B, CFT-B had fewer responses than
CFT-A. Cognitive flexibility is an indication of the
cognitive function of switching from a concept that has
already been established in the mind to something else.
Therefore, it may be deduced that the more the concept
is already strongly established in the mind, the more dif-
ficult it will be to change it to something different. The
elderly are more familiar with ball-point pens than pet
bottles in relation to frequent daily use. Therefore, the
notion that ball-point pens are instruments for writing
was already strongly established. This may be the rea-
son the number of responses was lower in comparison
to pet bottles. This suggests that the level of difficulty of
the problem in CFT is based on how familiar the object
is to the subject.

In both CFT-A and CFT-B, a significant correlation
with GDS-15 was not found. Therefore, this study did
not find an association between CFT and depression in
the elderly. It has been clarified that cognitive flexibility
is impaired among adults who suffer from depres-
sion.?> 2* Similarly, the strength of cognitive flexibility
is shown to have a connection to improve the quality of
life.?> These findings imply that CFT may be useful as
an index for ascertaining the mental health of the young
people. Therefore, it will be necessary in to conduct
further investigations in the future as to whether CFT
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is useful as an index for evaluating the mental health of
the young people.

Finally, there were several limits to this study. CFT
can be used as a neuropsychological test to evaluate
cognitive flexibility in countries where plastic bottles
and ballpoint pens are used. However, it may be that
the uses of plastic bottles and ballpoint pens other
than that of the intended usage method that are given
by participants will be affected by the culture of the
country to which participants belong. Therefore, the
data obtained here is the result for the Japanese people,
and it does not reflect the situation of elderly people liv-
ing in other countries. In this study, the cutoff value of
MMSE was set at 23 points or less, following Anthony
et al.l” However, it is likely that there are many cases
of mild cognitive impairment and mild dementia with
MMSE scores higher than 24, and this study may not
have completely excluded elderly people with cognitive
impairment from the subjects. In this study, the reaction
latency from the presentation of a task to the subject’s
response did not evaluate. Evaluating it may allow to
examine cognitive flexibility in more detail. Since the
objective of this study is to determine whether CFT is
effective as a test for evaluating cognitive flexibility, one
of the functions of the frontal lobe, we only evaluated its
relationship with VFT. Therefore, it is difficult to claim
strongly that CFT reflects the frontal lobe functions and
cognitive flexibility adequately. It is recommended that
further research be conducted to examine the criterion-
related validity of CFT by employing FAB and WCST.
CFT also comes with problems of interpretation. For
both CFT-A and CFT-B, a moderate negative correla-
tion was found with age. In other words, even if a sixty-
year old and an eighty-year old both score 3 points
for the CFT, the significance of the score is different
for these two individuals. Therefore, when trying to
interpret the CFT scores, it is imperative that evaluation
be conducted in accordance with the standard value
by age. It is recommended that in future research, the
number of subjects for each age is increased and a
follow-up test conducted so as to demonstrate a more
accurate standard value of CFT for each age. Frontal
lobe functions and fluency declines in frontotemporal
dementia (FTD),?® and CFT may support the detection
of FTD. However, in this study, as the examinees were
not people with FTD, it is unclear as to whether CFT
can support the early diagnosis of FTD. In the future,
there is a need to perform a large-scale study to evaluate
the usefulness of CFT targeting participants with FTD.

In conclusion, CFT-A may be useful as a neuro-
psychological test that can be implemented easily in a
short time to evaluate the cognitive flexibility of elderly
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people. In addition, since CFT-A does not require
participants to undergo cognitive processes like those
of VFT to extract answers with a reliance on memory,
it may be that CFT-A is more appropriate than fluency
tasks as an indicator of cognitive flexibility.
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