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Abstract

Background As the older population increases, the need for early detection of cognitive decline is also increasing. In
this study, we examined whether our paper—pencil type group examination for cognitive assessment (PAPLICA) could
detect the effects of years of education and aging.

Methods PAPLICA was conducted on 829 older people. The inclusion criteria were age 60 years or older and the
ability to come to the event site alone. The exclusion criteria were participants with a medical or psychiatric disorder
or dementia.One examiner conducted the test on a group of approximately 10-20 people in approximately 25 min.
Participants were instructed on tackling the issues projected on the projector, and their answers were recorded in a
response booklet.

Results Anindependent sample t-test was performed for years of education, and ANCOVA was performed for aging.
Among the test items included in PAPLICA, the Speed | and Letter fluency tests were unable to detect the effects of
aging. Furthermore, the age at which the effect of aging manifests varies depending on the test item. For instance,

a decline in scores in the Speed | and Picture ECR Free recall tests was observed in the 70-74 age group; for that of
Word DRT, Picture ECR cued recall, and Similarity, in the 75-79 age group; for CFT, in the 80-84 age group, and for
CLOX, the decline was observed in the 85 <age group.

Conclusions PAPLICA, similar to other neuropsychological tests, was able to detect the effects of years of education
and aging. Future testing should be conducted on different demographics to identify the differences in patterns of
cognitive decline.
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Background

The increasing prevalence of dementia is cited as a prob-
lem in an aging society. The number of reported cases of
dementia is increasing annually, and the financial costs
are enormous [1]. Japan is also facing simillar problem,
and according to a survey in 2012. the prevalence of
dementia was 15%. this rate continue incresing, reaching
approximately 20% by 2025 [2]. To date, one way to pre-
vent cognitive decline is through intellectual activity and
novel learning, which is based on the cognitive reserve
hypothesis [3]. Intellectual activities, such as taking pic-
tures, playing Go, and reading aloud picture books, can
help maintain and improve cognitive function [4-7].
Furthermore, even in mild cognitive impairment (MCI),
such activities can improve cognitive function, [8] and
a certain number of patients return to normal cognitive
status [9]. Thus, the development of methods for early
detection of cognitive decline is an important issue.

To assess cognitive function, examiners can use neu-
ropsychological tests, such as the Mini-Mental State
Examination (MMSE) [10], Montreal Cognitive Assess-
ment (MoCA) [11], Wechsler Memory Scale-Revised,
and Wechsler Adult Intelligence Scale-IV. These tests are
conducted face-to-face between the examiner and the
participant. However, considering the increasing older
adults population and the importance of early detection
of cognitive decline, cognitive assessments other than
face-to-face neuropsychological testing are needed [12].

In preparation for the forthcoming situation, Suzuki
(2010-2011) developed a new neuropsychological test
that assesses a larger number of older adults in a shorter
period of time, called the paper-pencil type group
examination for cognitive assessment (PAPLICA). This
neurocognitive test can be used in large-scale commu-
nity health checks for older adults. The effectiveness of
PAPLICA has also been verified, and it has reported good
sensitivity, specificity, positive preditcitve value and neg-
ative predictive value [12].

Although cognitive domains decline with age, their
decline is not uniform [13, 14]. For example, memory
and processing speed decline with age, whereas lan-
guage related to vocabulary and language comprehension
remain constant throughout life [15-19]. Furthermore,
visuospatial function declines rapidly after reaching a
specific age [20]. Considering that PAPLICA can measure
multiple cognitive domains, we expect that the influence
of aging varies by domain, such as language and visuo-
spatial functions, and it is significantly affected by aging
beyond a certain age. By contrast, attention, memory,
and abstract thinking gradually decrease with age, thus
resulting in a linear decline in test scores.

Although we conducted various health checkups using
PAPLICA, the influence of aging and years of educa-
tion on cognitive function has not yet been examined.
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Therefore, this study aimed (1) to determine whether
PAPLICA can detect the influencesof aging and years of
education and (2) to propose an appropriate administra-
tion of the tests.

We hypothesize that the results obtained by PAPLICA
will be similar to those obtained by other neuropsycho-
logical tests (i.e., the number of years of education is cor-
related with higher scores, and higher age is correlated
with lower test scores).

Methods

Participants

We recruited participants for a health promotion event
via the local government and explained to participants in
advance, both verbally and in writing, that there would
be health checkups as part of the program. Twelve local
governments recruited participants for health promotion
events in their districts. We established a priori inclusion
and exclusion criteria for this study. The inclusion criteria
were age 60 years or older and the ability to come to the
event site alone. The exclusion criteria were participants
with a medical and psychiatric disorder and dementia.
We used the participants’ self-reports of psychiatric dis-
order and dementia to determine whether participants
met the exclusion criteria.

Measures

The primary outcome was the score for each test included
in PAPLICA. We also collected demographic data on the
participants’ age, sex, and years of education.

Instruments

The examiner presented the task to the participants by
using a personal computer and a projector. The partici-
pants wrote their answers using a pencil provided in the
booklet.

PAPLICA
PAPLICA measures five cognitive functions (attention,
memory, language, visuospatial, and abstract thinking)
using 10 tests. PAPLICA requires approximately 25 min
to perform but can be performed with approximately 15
participants at a time by 1 examiner and 1 assistant, if
necessary, without special equipment (only a projector).
PAPLICA consists of 10 tests. Speed I and Speed II
were used to measure attention, the Word Delayed Recall
Test (Word DRT) and Picture Enhanced Cued Recall Test
(Picture ECR) (including free recall) were used to evalu-
ate memory, CLOX I and CLOX II were used to assess
visuospatial function, the Letter Fluency Test (LFT) and
Category Fluency Test (CFT) were used to measure lan-
guage, and the Smilarity was used to evaluate abstract
thinking.
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PAPLICA has a unique advantage compared to conven-
tional assessments such as MMSE and MoCA, as it can
test multiple participants at once instead of conducting
individual tests for each participant. This enables screen-
ing more participants, which was impossible with previ-
ous assessments.

Instruction

Speed 1

Speed 11

Word DRT
encoding

CLOX1

CLOX II

Word DRT
testing

Picture ECR
encoding

Letter fluency test

Category fluency test

Picture ECR
free recall

Picture ECR
cued recall

Similar

Fig. 1 Procedure flowchart of PAPLICA

Page 3 of 8

Procedure
One examiner performed the test with approximately 15
participants. The examiner performed the tests in the
order shown in Fig. 1. First, the examiner distributed the
booklet to the participants and instructed them not to
turn to the next page and not to discuss the answer with
other participants. Then, the examiner asked the par-
ticipants to checkups whether they could see the screen
and hear the instructions. Once all participants con-
firmed that they were able to see the screen and hear the
instructions, the test began.

Psychomotor function may affect their scores. There-
fore, psychomotor function was measured using Speed I
and was entered as a covariate.

Speed

Speed I and Speed II were used. Speed I test sheets were
printed blank in 11 circles across five rows. The examiner
asked the participants to write as many numbers as pos-
sible in empty circles within 30 s.

In Speed II, participants wrote numbers and Hiragana
characters alternately in empty circles, with numbers in
order and Hiragana characters following theorder of the
Japanese syllabary. Speed I test scores included the num-
ber of correctly completed items, whereas Speed II scores
included the number of items completed in alternating
numerals and Hiragana, with digits in order and Hira-
gana in syllabic order.

Word DRT (encoding)

The Word DRT was administered in two parts (encoding
and testing). Participants were asked to memorize five
words that were read twice by the examiner. After the
last word, the examiner told the participants to recall the
words they had learned later.

CLOX

CLOX consists of CLOX I and CLOX II. In CLOX I,
the participants drew a clock according to the following
instructions: outline the clock, distribute numbers on the
face, and draw a needle pointed at 1:45.

In CLOX II, the participants copied the clock projected
onto the screen within two minutes. The CLOX score
was scored by two independent scorers, excluding the
examiner, by using identical scoring criteria.

Word DRT (test)

In the test part, the examiner asked participants to recall
as many words as possible and write them down on the
sheet within 60 s regardless of the typography or order
in which the examiner read aloud. The test score was the
sum of the words that the participant wrote correctly.
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Picture ECR (encoding)

The Picture ECR was administered in two parts (encod-
ing and testing). The examiner asked the participants
to memorize the names of eight pictures. The examiner
called out four item names and category names while the
participants looked at the card. The eight pictures were
presented in two separate sessions (four at a time), and
the participants were told to recall them later.

Word fluency test

The word fluency test consists of an LFT and a CFT. Par-
ticipants remembered many words beginning with “TA”
in this task and wrote them down in any order. The test
was conducted for 60 s. Following the LFT, the CFT
followed the same procedure as the LFT, except that
words belonging to the animal category were recalled
and written down by participants. The LFT score is the
sum of words beginning with the letter specified by the
instruction.

The CFT score is the sum of words in the categories
specified by the instruction. Words other than the speci-
fied letter, those outside the specified category, and those
repeated more than once were excluded.

Picture ECR (test)

Immediately after the WEFT, the Picture ECR test was
administered. In the first test, participants recalled eight
items that the examiner had read at the encoding stage
and wrote them down as many as possible regardless of
order and typography. In the next test, the participants
engaged in a cue replay test using eight category names.
Both tests were performed for 60 s. Each score was the
number of correct responses that the participant gave to
the eight words presented in the previous encoding.

Similarity

First, as an example, the examiner read two words (car-
rot and burdock), and the features common to the two
words were represented (vegetable). Thereafter, the par-
ticipant responded to the features common to each of
the 8-word pairs in the booklet within 180 s. Two scorers
scored the responses independently, and the total num-
ber of matched responses was used as the abstract think-
ing score.

Statistical analysis

To analyze the years of education, we used independent
sample t-tests to assess the test scores of the 2 groups
(£12 years and >12 years of education). To analyze aging,
we used analysis of covariance to assess the 5 age groups
(60-69, 70-74, 75-79, 80—84, and 85<), with years of
education and Speed I test scores as covariates. Multiple
comparisons were performed using the Bonferroni cor-
rection. The significance level for all analyses was set at
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0.05, with the exception of multiple comparisons. The
Cohen d and 775 were used to determine effect sizes. SPSS
version 23 (IBM Corp., Armonk, NY, USA) was used to
perform the statistical analyses.

Results
Study population

In total, 829 participants participated in the health
promotion program, but 674 individuals were
included in the analysis (Fig. 2).

Years of education

To determine the influence of years of education on cog-
nitive function, we used 12 years as the criterion, with
<12 years as the low education group (n=372, Age, .dian
= 75, SD=6.15) and >12 years as the high education
group (N=302, Age . .4ian = 72, SD=5.69). In the analysis,
except for CLOX I scores, the scores of the higher edu-
cation group were higher than those of the lower edu-
cation group (ps<0.05). These results indicate that, in
addition to years of education affecting cognitive func-
tion, PAPLICA adequately detects the influence of years
of education.

Influence of aging

Demographic data for each of age groups are shown in
Table 1. Table 2 shows the mean and standard error of
the test scores by age group. The analysis showed that,
except for Speed I (F [4, 667]=1.94, p=0.103, 7}5 =0.011)
and LFT scores (F [4, 667] = 1.05, p=0.381, 1712, = 0.006),
the cognitive test scores declined with age (p <0.001).
However, the age at which the influence of aging became
more pronounced differed among tests (Table 2).

Discussion

In this study, we examined whether PAPLICA could
detect the effects of aging and years of education. The
results confirmed the influence of aging and years of edu-
cation on cognitive function.

Detection of the influence of years of education and age
PAPLICA detected the influence of years of education
and age on cognitive decline. The number of years of
education is a risk factor for cognitive decline, and more
years of education are associated with less dementia [1,
21]. In the present analysis of the years of education, all
scores of the participants with >12 years, except for the
CLOX I scores, were higher than those with <12 years.
Therefore, we conclude that PAPLICA could detect the
influence of years of education on cognitive function in
the same way as other tests.
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829 people participated in health promotion

155 individuals were excluded from the analysis for the
following reasons:

(1) 10 people were under 60 or didn’t answer about age.
<+—(2) 70 people didn’t consent to the use of scores

(3) 37 people didn’t live in Kanto

(4) 23 people didn’t answer about years of education

(5)15 people didn’t answer the test

v

674 people met the inclusion criteria

v \ 4 \ 4
Aged 60-69| |Aged 70-74| |Aged 75-79| |Aged 80-84| | Aged 85=
n=168 n=205 n=167 n=92 n=42

Fig. 2 CONSORT DIAGRAM of this study

Table 1 Demographic data of participants by age group (n=674)

Group 60-69 70-74 75-79 80-84 85= p -value? Ef-

n=168 n=205 n=167 n=92 n=42 fect

sige
"y

Females, % (n) 84% (141) 88% (181) 90% (150) 60% (55) 74% (31) - -

Age,' years (SD) 67(1.75) 72(145),  77(146) 81(1.23) 4 86 (166) . p<0.000 0234

Years of Education' (SD) 14(1.99) 13046), 12049, 12(2.87), 105(3.04) p<0.000 0.002

Notes: ' The numbers entered in the Age and Years of Education rows represent the median. 2 The significant level of ANOVA was set at 0.05. Alphabets appended
to the values entered in the Age and Years of Education rows indicate statistical differences between conditions

Abbreviations: SD, standard deviation

Previous studies have reported age-related cognitive
decline [19]. In the current study, each test score declined
with age. Furthermore, the pattern of decline differed
by cognitive domain. The influence of aging on each

cognitive domain was discussed in terms of fluid and
crystallized intelligence, with cognitive functions derived
from fluid intelligence declining with age. By contrast,
cognitive functions derived from crystallized intelligence
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Table 2 Descriptive statistics by cognitive function tests and results of ANCOVA'2 and Post hoc comparisons (n=674)
Test Score 60-69 70-74 75-79 80-84 85=< p -value 3 Effect size

range (n=168) (n=205) (n=167) (n=92) (n=42) 7]12)

M (SE) M (SE) M (SE) M (SE) M (SE)

Speed | 0~ oo 33.61(0.43) 32.28 (0.39) 29.96 (0.44) 28.20 (0.68) 25.71(1.27) p=0.103 0.011
Speed |l 0~oo 25.70(042) , 22.82(0.39) 2043 (0.50) , 19.83(0.62) , 16.24 (0.97) p<0.001 0.076
CLOX | 0~10 9.55(0.06) , 9.24(0.07) , 9.20(0.10) , 9.09(0.11), 8.60(0.31) p<0.001 0.029
CLOX I 0~10 9.84(0.03) , 9.78(0.04) , 9.75(0.04) , 9.70 (0.06) , 9.31(0.14) , p<0.001 0.034
Word DRT 0~5 432(007), 409 (0.06) , 362(0.11), 373(0.12), 233(027) 4 p<0.001 0.098
Picture ECR 0~8 636(0.11), 567(0.11), 508(0.16), 532(0.18), 388(043) . p<0.001 0.060
Free recall
Picture ECR 0~8 7.64(0.08) , 7.38(0.07) , 6.85(0.14) ,, 6.87(0.18) , 5.55(046) p<0.001 0.058
Cued recall
LFT 0~oo 8.77 (0.19) 847 (0.18) 7.98 (0.20) 7.74(0.31) 6.69 (0.44) p=0.381 0.006
CFT 0~ oo 13.49(0.24) , 13.00(0.23) , 12.03(0.24) , 10.58 (0.38) , 9.52(0.51) p<0.001 0.047
Similarity 0~8 6.20(0.10) , 5.87(0.10) , 5.19(0.14) , 5.01(0.20) , 3.95(0.30) p<0.001 0.055

Abbreviations: SE, standard error; DRT, delayed recall test ECR, enhanced cued recall; LFT, letter fluency test; CFT, category fluency test

Notes: ' The number of years of education and the number of Speed | responses were entered as covariates. 2 Multiple comparisons were

performed using the Bonferroni method as a posteriori test. * The significance level for ANCOVA was 0.05 and 0.001 for multiple comparisons

using Bonferroni. Different alphabets assigned to scores within the same row indicate a significant difference

are maintained throughout life [22-24]. Regarding the
classification of cognitive functions in terms of intel-
ligence, processing speed, attention, memory, and
executive functions were considered fluid intelligence;
language was considered crystallized intelligence; and
visual space was considered fluid and crystalline intelli-
gences [25]. The results of the present study replicate the
results obtained by standardized tests.Thus, PAPLICA
can detect cognitive decline even a in large-scale health
checkup and enable early intervention of the examinee.
It is expected that this test will contribute to the health of
more people in the future.

Strengths

In addition to detecting the effects of aging and years
of education, PAPLICA and other tests have the advan-
tage of evaluating more participants at one time than the
MMSE or MoCA tests. Even if the scale of health check-
ups is large, the tests can be conducted at multiple sites,
thus making it possible to guide participants without
waiting. Additionally, a short inspection time is expected
to minimize the impact of participant fatigue on the test
results.

The PAPLICA used in this study included tests in
which scores decline with aging and neurodegeneration.
Therefore, it is possible to make quantitative judgments
regarding the scores obtained from the tests and qualita-
tive judgments regarding whether the decline in scores is
due to aging or neurodegeneration. It is also possible to
obtain a multifaceted view of the state of the participants’
cognitive function, and the results can provide more par-
ticipants’ information than ever before.

Limitations and future scope

This study used a large dataset, and the results were in
agreement with those obtained from other tests, thus
indicating that PAPLICA can detect the effects of aging.
However, the validity of the following points should be
noted. In this study, neurologic disorders, dementia, and
MCI were excluded based on self-reporting, thus indicat-
ing the possibility that a certain number of participants
may have been included. it is first necessary to study par-
ticipants with age-appropriate cognitive function who
do not have a neurological disease or MCI to establish a
standard value that can detect an early decline in cogni-
tive function. In addition, comparing our results of peo-
ple with dementia to those with MCI may help clarify the
background of cognitive decline by sorting out the dis-
similarities with the pattern of decline due to aging. The
study involved healthy seniors living in the community.
However, in large-scale health check-ups, there is a possi-
bility that seniors with limitations in reading and writing,
as well as those with visual or hearing impairments, may
participate. Therefore, it is necessary to consider imple-
mentation methods that allow seniors with diverse back-
grounds to participate in health check-ups.Furthermore,
as the present study did not compare PAPLICA with
cognitive test batteries, it is necessary to demonstrate the
usefulness of PAPLICA by comaring the sensitibity and
specificity of other cognitive test batteries.

The examiner’s behavior can also be considered a
future task. In PAPLICA, individual interventions may
influence other participants. When conducted by trained
professionals, they can observe participants’ behavior
during the assessment and provide interventions consid-
ering other participants. As a result, more individuals are
likely to demonstrate their cognitive abilities during the
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assessment. Therefore, developing training programs for
examiners is also an important future task.

Conclusions

Our newly developed PAPLICA can detect the effects of
educational history and aging and can be performed in
a short time and in groups. Although this study demon-
strates the usefulness of PAPLICA, there are limitations
to consider. By examining the aforementioned issues, the
test will be able to detect early decline in cognitive func-
tion, even in large-scale community health check-ups.

Abbreviations
PAPLICA Paper—pencil type group examination for cognitive assessment
MClI Mild cognitive impairment

MMSE Mini-Mental State Examination
MoCA Montreal Cognitive Assessment
TMIG Tokyo Metropolitan Institute of Gerontology
Word DRT Word Delayed Recall Test

Picture ECR  Picture Enhanced Cued Recall Test
LFT Letter fluency test

CFT Category fluency test

SD Standard deviation

SE Standard error

DRT Delayed recall test

ECT Enhanced cued recall test
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