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(Abstract \

Handedness difference in the age-related cognitive decline was examined. Participants
were healthy middle aged left-handed (n = 22, 10 men and 12 women) and right-handed (22 men
and 56 women). Digit cancellation performance decline ratios were calculated by the longitudinal
Digit Cancellation Test data with an interval of 10 years. Performance decline ratios were compared
for handedness and sex concerning to D-CAT1 (1-digit cancellation condition) and D-CAT3 (3-
digits cancellation condition) performances. The results indicated first that the performance decline
ratio in the left-handed was significantly larger than that in the right-handed both in D-CAT1 and
D-CAT3, suggestive of low aging tolerance of executive function in left-handed people. Moreover,
there was a significant sex difference such that men demonstrated a larger decline in D-CAT3,
which demands more considerable cognitive resources, compared to D-CAT1, whereas this was
not observed in women. Possible executive function mechanisms during aging were discussed in
relation to handedness and sex.
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1. INTRODUCTION

Brain imaging studies have
demonstrated differences between left- and
right-handed people in various facets of
behavior. Following this, the possibility of
handedness differences in human cognitive
functions has become a central topic among
laterality researchers. ¥* Much theoretical
research has been conducted on this topic,
which is described below. Among these, one
exciting topic is related to the handedness
effect on executive function, which is a core
aspect of human cognitive behavior facets.®
However, studies examining the handedness
effect have remained controversial, with
some finding reporting the
inferiority of left-handedness,® 7 others
reporting no  significant  handedness
difference, 81 and yet others indicating
superior  performance in left-handed
people.tt 12 These differences could be
partially attributed to different measures
employed in these studies as behavioral
measures for assessing executive function,
such as the Wisconsin Card-sorting Test,
Stroop Test, D-CAT, Trail-making Test, and
the Letter-Number Sequencing, as well as
the characteristics of the sample population.

Van der Elst et al ® reported a
study directly relevant to the current
research question that examined the
possible handedness effect on executive
function in upper-middle aged people aged
50 vyears. They examined handedness

relative
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differences of performance  decline
trajectories in the Stroop Test using three-
year longitudinal data and reasonable
sample size (left-handed sample = 72). The
results failed to support the hypothesis that
left-handedness is associated with more
pronounced cognitive decline. Hatta® also
compared the performances of 100 left-
handed and 100 right-handed people (mean
age 61.7 years, SD = 10.8) and failed to
demonstrate a significant difference in color
naming speed or interference effect size in
the Stroop test measure. One possible
reason for these null findings pertains to the
Stroop Test. The Stroop Test is not a unique
measure of executive function, but several
other measures, including the Trail-making
Test, Wisconsin Card-sorting Test, the
Letter Cancellation Test, and the Letter-
Number Sequencing Test are also employed
for assessing executive function.

Miyake, et al'® conducted a meta-
analysis of earlier studies using latent
variable analysis and proposed that
Baddeley's executive function consists of
three components: Updating information,
shifting, and inhibition. Accordingly, it can
be argued that the weighting of the three
components might not be identical across
different measures assessing executive
function because different measures
variably tap into different components of
executive function. The Stroop Test might
be weighted more on the inhibition
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components than the updating information
and the shifting components compared to
the Letter Cancellation Test, the Trail-
making Test, or the Letter-Number
Sequencing Test. On the other hand,
participants in the letter (or digit)
cancellation task mark designated letter(s)
on a sheet of randomly arranged letter
sequences as fast and accurately as possible,
which reflects the updating information and
the shifting components more strongly than
the inhibition component. Updating
information  goes  beyond merely
maintaining task-relevant information. It
requires monitoring and coding incoming
information for relevance to the task at hand,
and revisiting items held in the working
memory to replace old, no longer relevant,

information with new, more relevant,
information.'*
Hatta®® reexamined the

handedness effect on the executive function
in upper-middle aged people using the Digit
Cancellation Test (D-CAT3) instead of the
Stroop Test, and handedness effect in people
approximately 60 years of age by
demonstrating superior performance in
right-handed than left-handed people. This
finding is suggestive of differential aging
effects on executive function that is
associated with hand dominance.

It is well known that the aging
effect on cognitive functions should be
examined by cross-sectional methods to

Copyright 2020 KEI Journals. All Rights Reserved

Medical Research Archives vol 8 issue 11. November 2020 Page 3 of 17

avoid the cohort difference bias.
Longitudinal designs have advantages over
cross-sectional designs in developmental
research because the former does not
involve confounding effects of maturational
changes and cohort membership. In contrast,
cross-sectional designs tend to overestimate
the magnitude of actual age differences
unidentified, cohort-related influences.® 1/
Longitudinal designs also have specific
shortcomings such as contamination of
learning effects because the same cognitive
test measures are employed at different
developmental  stages. Nevertheless,
longitudinal studies provide more reliable
prospective evidence than cross-sectional
research.

In general, plural viewpoints
should be adopted when examining the
functional quality of an object. For example,
when discussing a car’s functions, we must
consider the vehicle's performance over a
short period and whether its functions are
maintained over a long period. Similarly, a
one-shot comparison of task performance is
insufficient for judging human cognitive
functions' quality because examining the
performance's sustainability is crucial.
Therefore, it is necessary to conduct
longitudinal and one-shot comparisons of
functional test results in comparing
executive functions of left- and right-
handed people. Therefore, this study
conducted a longitudinal comparison of
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executive functions between left- and right-
handed people. To the best of the author’s
knowledge, this is the only study
investigating the effects of handedness
difference on executive function associated
with the aging, which was demonstrated by
Hatta'®, Using longitudinal research
methodology. In sum, the hypothesis that
left-handed people's performance decline
ratio is larger than that of right-handed
people was examined in this study. | also
hypothesized sex differences in the decline
ratios between D-CAT1 and D-CAT3 based
on the theory of sex-related brain functions
and handedness described later.

2. METHOD
Participants

Participants were selected from a
database of 6,893 people that participated in
the Neuropsychology Section of Yakumo
Study from 2001 to 2019. The selection was
made on the following criteria: (1)
Participated in the neuropsychology section
of the Yakumo Study twice with a 10-year
interval and administered the exact test
twice, in 2001 and 2019; (2) Age over 40
years; physically and cognitively healthy
without any signs of mild cognitive
dementia as assessed by a score of over 23
points on the Mini-Mental State
Examination (MMSE); (3) Handedness
evaluated by using the H.N. handedness
inventory or self-reports (because the
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handedness inventory was not administered
every year).

The number of people meeting
these criteria in 2001-2010, 2002-2011,
2003-2012, 2004-2013, 2005-2014, 2006-
2015, 2007-2016, 2008-2017, 2009-2018,
and 2010-2019 were 50, 89, 71, 55, 51, 56,
46, 72, 54, and 47, respectively. Of these,
591 people were tested with the exact
cognitive test 10 years after the first test.
Among these, the 22 left-handed people (10
men and 12 women) were selected as
participants in the study. Also, right-handed
participants were selected as the control
group by matching the age at the first
examination, sex, and years of education
with the left-handed participants. There is a
larger right-handed population; therefore,
multiple right-handed individuals who
corresponded to left-handed individuals on
the three criteria were included to avoid
selection bias. As a result, 78 right-handed
people (22 men and 56 women) were
selected as the control group. The
characteristics of the participants are shown
in Table 1.

Handedness was not a major
survey item in the Yakumo Study, and it was
assessed by the H.N. handedness Inventory
or by self-reports depending on the survey
year. The H. N. Handedness Inventory was
used to assess the hand preference in 2011,
2012, and 2014. The H. N. Handedness
Inventory, which is very similar to the
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Edinburgh Handedness Inventory, has been
standardized for Japanese people and scores
range from -10 to +10. *81° The correlations
between the H. N. Handedness Inventory
scores and self-reports of alternatives (left
versus right-hand use) was reasonably high
(r = 0.88) in 2011. Participants' handedness
was assessed using a self-report of
dichotomized handedness in other years.

Participants were administered
the  Nagoya  University  Cognitive
Assessment Battery (NU-CAB), which
includes test items assessing attention,
memory, verbal, and spatial abilities. We
examined the performances on the D-CAT
that is one of the items of NU-CAB. A
review by Coetzer and Balchin,?® Lezak,
Howieson, Bigler, and Tranel?* has
recommended the Letter Cancellation Tests
as a comprehensive measure of attention.
Moreover, Hatta et al 22 indicated that letter
cancellation tests are simple and effective
measures of attention that are cost-effective
and applicable over a broad spectrum of age
groups. These tests are usually paper-and-
pencil tests, in which participants identify
and cancel target The D-CAT
consists of target stimuli (digits) that are

items.

distributed amongst distractor stimuli,
similar to most cancellation tests. The target
stimulus is a digit that participants must

identify and cancel, while the distractor
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stimuli divert the participants’ attention
from target stimuli.

D-CAT test sheet consists of 12
rows of 50 digits. Each row contains five
sets of numbers from 0 to 9 arranged in a
random order such that each digit appears
five times in each row, along with randomly
determined neighbors. In the hierarchal
model of attention of Solberg and Mateer?,
the D-CAT is regarded as an assessment of
focused attention, sustained attention, and
information processing speed. The D-CAT
performance depends on the control of the
frontal eye fields, which is a function of the
dorsal attention network, consisting of the
frontal eye field and parietal lobe
connections. Furthermore, this task recruits
the ventral attention network for object
identification. These complex relationships
represent the underpinnings of processing
speed task performance that is not restricted
to the frontal-parietal networks.?* 2° The
reliability, validity, and hypothesized neural
mechanisms of the D-CATS3, including
brain imaging evidence?® % have been
reported elsewhere. The relationship
between handedness and other cognitive
measures in the NU-CAB were also
examined and reported elsewhere®.

Participants conducting the D-
CAT1 are instructed to search for a target
digit (6), and in the D-CAT3, they are
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requested to search for three digits (8, 3, or
7) on a sheet of randomly arranged digit
sequences, and slash as many target digits as
they can for 60. The total number of digits
searched to make the slash was measured in
this study. The D-CAT1 employs a low-
visual search load to assess elementary
perceptual speed, whereas the D-CAT3
needs a high-visual search load and assesses
executive function. The D-CAT3 imposes a
more considerable cognitive burden in
working memory requirements than the D-
CAT], as indicated by performance decline
associated with aging?’ and
prefrontal cortex activation.?> 2

stronger

Table 1: Characteristics of the participants.
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Sample size calculation method: As
described in the contents, 591 people were
given test twice with the interval of 10 years.
Among those, there were 22 left-handed
people (10 men and 12 women) who
satisfied the condition. Much more right-
handed satisfied the condition. Then the
control right-handed was selected by the
criteria 1) same age at the first examination,
sex, and years of education to the left-
handed. This is due to avoid selection bias.

Left-handers Right-handers

N =22 N=78

Women | Men Women | Men
Number of participants 12 10 56 22
Mean age of the first attendance 56.5 55.3 57.7 60.4

years old | years old | yearsold | years old
Levels of education
Higher elementary school (6 years) | 10 % 0% 18% |45%
Junior high school (9 years) 30 % 8% 32.1% 9.0%
High school (12 years) 30 % 33.3% 53.6 % 53.2 %
College (more than 15 years) 30 % 58.7 % 12.5 % 33.3%
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Table 2: Mean performance of the first year and 10 years later and individually calculated
decline ratio for 10 years in D-CAT1 and D-CAT3 as a function of handedness group

Left-handed Right-handed

Women | Men Women | Men
D-CAT1
First year performance 313.60. | 300.50 284.43 277.14
(SD) (64.04) (96.38) | (46.28) | (63.00)
Ten years after performance 268.20 274.33 254.77 265.05
(SD) (64.67) (95.28) | (55.35) | (55.14)
Mean decline ratio 0.08 0.05 0.06 0.03
SD (0.06) (0.10) (0.09) (0.09)
D-CAT3
First year performance 183.20 207.33 174.66 169.00
(SD) (42.71) (78.61) | (34.50) | (29.37)
Ten years after performance 161.60 170.42 162.39 158.73

(SD) (36.17) (71.10) | (30.49) | (32.73)

Mean decline ratio 0.05 0.11 0.06 0.04
(SD) (0.10) (0.18) (0.09) (0.06)
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3. RESULTS

The performance decline ratio was
calculated individually using the following
formula: [(number of searched digits at the
first year) — (number of searched digits at
the ten years later)] / [(number of searched
digits at the first year) + (number of
searched digits at the ten years later)]. For
example,  participants’  first  year’s
performance in D-CAT1was 120, and 10
years later, it was 110, which indicated a
declining ratio of 0.04, or a 4 % decline in
10 years. The first and 10" year’s
performance and performance decline ratio
during the ten years in D-CAT1 and D-
CAT3 scores are shown in Table 2 as a
function of the handedness group. It can be
seen that neither the first year’s mean
performances in D-CAT1 and D-CAT3
between left- and right-handed groups (t =
1.81 and 1.47, df = 98, p > 0.05), nor third
year’s handedness group differences in
mean D-CAT1 and D-CAT3 performances
were significant (t = 1.94 and 1.31, df = 98,
p > 0.05), suggesting no cognitive
differences in the primary performance of
left- and right-handed groups.

Mixed design analysis of variance
(two-between factors: handedness /sex and
one-within factor: D-CAT1/D-CAT3) was
conducted on the data of the ratio of decline.
Results indicated that handedness's main
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effect was significant, indicative of a more
considerable decline during ten years in left-
handed participants (F1, o6 = 4.24, MSe =
0.01, p <0.05). Moreover, the interaction
between sex and cognitive tests was
significant (F1, 96 = 24.67, MSe = 0.005, p
<0.05), suggesting no difference between
D-CAT 1 and D-CAT3 in women (F1, 96 =
1.12, ns), whereas a larger ratio of decline in
D-CAT3 compared to D-CAT1 was shown
in men.

To summaries, these results
indicate that the ratio of decline was higher
in the left-handed than in the right-handed
group. Moreover, men showed a larger
decline ratio in the D-CAT3 than in the D-
CAT1. Moreover, Figures 1 and 2 depict the
handedness effect on the two cognitive tasks
for men and women, respectively. It can be
seen that the ratio of performance decline
associated with aging differs according to
the involvement of executive function
between D-CAT1 and D-CAT3 and that the
effect of aging is more pronounced in left
than right-handed people. Moreover, the
Figures show sex differences in
performance. These results supported the
hypothesis of handedness difference in the
age-related cognitive decline curve for ten
years based on the involvement of executive
function component of cognitive tasks.
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Figure 1: Mean decline ratios in the D-CAT1 and D-CAT3 performance for 10 years of men
as a function of handedness.
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Figure 2: Mean decline ratios in the D-CAT1 and D-CAT3 performance for 10 years of
women as a function of handedness.
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4. DISCUSSION

The current study was designed to
provide evidence supporting handedness
differences in the effect of aging on
executive function from the perspective of
maintaining cognitive functions when aging
after the upper-middle age. As indicated by
Hatta,™ a larger decline ratio in cognitive
function can be expected in left-handed
people than right-handed people during ten
years.

As shown in Table 2 and Figures
1 and 2, the current study results supported
the hypotheses that left-handed people's
performance decline ratio is larger than that
of right-handed people and a sex difference
in the decline ratios between D-CAT1 and
D-CAT3.

It can be seen that the
performance of left- and right-handed
people in the D-CAT1 and D-CAT3 was not
significantly different in the first year of the
study,however, left-handed people showed a
more considerable decline in performance
ratio during the ten years of upper-middle-
age than right-handed people, suggesting
that left-handed people are more vulnerable
to cognitive function deterioration with age
than right-handed people.

Furthermore, as expected, there
was an interaction between handedness and
sex on the decline of D-CAT1 and D-CAT3
performance ratios. D-CAT1 and D-CAT3
are behavioral measures assessing executive
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function, but they impose demonstrably
different cognitive burdens. Hatta et al °
compared longitudinal  developmental
changes in the two measures for 11 years
(from 65 to 75 years) by individually
calculating the coefficient of decline for
right-handed middle-aged people. He
reported that D-CAT3 declined more steeply
than D-CAT1 performance, suggesting that
cognitive  load affected age-related
cognitive decline and that cognitive decline
due to aging can be detected more
sensitively when the cognitive burden is
large as in the D-CAT3 than in D-CAT1
when the burden is small.

As apparent in Table 2 and
Figures 1 and 2, left-handed people's
performance decline ratio was more
extensive than in right-handed people.
Moreover, comparison of performance
decline ratios between D-CAT1 and D-
CAT3 indicated sex differences, with men
showing a larger performance decline ratio
in D-CAT3 than in D-CAT1, whereas
women showed a similar decline ratio in
both tests.

To summaries, the results of this
study suggested that left-handed people are
more vulnerable to age-related decline in
executive function after middle-aged than
right-handed people.  Moreover, the
vulnerability to age-related cognitive
decline in left-handed men was more
extensive than in left-handed women based
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on the theory of sex-related brain functions
and handedness,?® which was more
pronounced in tasks imposing a higher
cognitive burden on executive function.

As described earlier, Van der Elst
et al® examined handedness differences in
trajectories of performance declined using
the Stroop Test in a three-year longitudinal
study and failed to show that Ileft-
handedness is associated with more
pronounced cognitive decline. This might
be because their study period was only three
years, which might be too short to detect
aging-related changes. The current study
was ten years, which was considered
sufficient to detect
sustainability of executive function to age-
related changes in middle-aged people.

Why were prior studies unable to
demonstrate a consistent findings? It is
known that the population of left-handed
people is not large enough to be diverse.
Studies conducted in the 1980s and 1990s
have commonly included people that were
left-handed by different causes. These
causes included heredity, fetal environment,
and birth status, among others. Moreover,
left-handed people with different cultural
backgrounds were also included in these
studies. Furthermore, the definition of left-
handedness used in these studies was
diverse and included self-reports, tool use
hand, and standardized handedness
inventory scores, among others. Also, the

changes in the
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participants in these studies were mostly
college students.

It is hoped that future studies
using a large sample size might compensate
for these problems. A study with a large
sample size based on the U.K. Biobank has
been recently reported. The U.K. Biobank is
a well-characterized, population-based
cohort, which includes 501,730 participants
with approximately 50,000 left-handed
people, which allows multiple potential
factors to be considered together.?° The U.K.
Biobank study analyzed a number of early
life factors influencing adult hand
preference and revealed that low birth
weight rather than genetic factors are the
largest contributor to left-handed births.
Low birth weight can be caused by various
reasons such as maternal malnutrition,
maternal metabolic disorders caused by
genetic factors, fetal growth failure due to
the insufficiency of sex hormone secretion
in the mother, and premature birth due to
accidents, among others.*® Immature brain
development and brain network formation
are common to all the causes of low birth
weight mentioned above, which might
influence later life's cognitive functions.
Understandably, the left-handed people’s
executive function is inferior to right-
handed people because the control of brain
networks for cognitive functions lies in the
prefrontal cortex.3! The immaturity of brain
network formations could be another reason
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for the higher vulnerability to age-related
functional decline in left-handed compared
to right-handed people.

There is a consensus regarding
human brain function characteristics;
cognitive development is regulated by
genetic code; the construction of neural
networks is plastic, so patients with head
injuries can regain a certain degree of
cognitive function through training; and the
brain’s neural network system tends to
produce the best performance and solutions.
Therefore, inferior frontal cortex functions
caused by low birth weight in left-handed
people might not be apparent until rigorous
tests are conducted to examine executive
function components. It is plausible that
among the three
components, information updating, and
shifting is more sensitive to sex-related
handedness effects than the
component. On the whole, shifting is more

executive function

inhibition

exposed to the vulnerabilities of aging in
left-handed people among the
components of executive function because

three

its power begins to deplete with aging after
middle age.

This study has several limitations,
similar to all empirical studies. First, the
size of the left-handed group, which had just
22 participants, was small. Our database
originally consisted of 76 upper-middle-
aged left-handed participants. However, the
target population inevitably decreases as the
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study period increases in longitudinal
studies that compare performance after a
long period. The left-handed group of 22
participants are not insufficient for
statistical analysis. Moreover, using “self-
reported handedness” for categorizing the
participants was also a limitation of this
study because ambidextrous individuals'
inclusion in the left-handed group might
have influenced the results. Finally, this
study's data were collected as a part of the
cohort study in which handedness was not a
primary concern. All researchers might not
agree with including ambidextrous people
in the left-handed group. However, this

classification accords with the literature.3?
33

5. CONCLUSIONS
The performance decline ratios in D-

CAT1 and the D-CAT3 were compared

between left-handed and right-handed

participants and the sexes. We conclude that

1. Performance decline ratios in the D-
CAT1 and the D-CAT3 were
significantly large in left-handed than
right-handed people, suggesting that
left-handed people's executive function
has low aging tolerance.

2. The left-handed people are clearly more
vulnerable to losing their cognitive
functions with age compared to right-
handed people.
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3. Information wupdating and shifting
components of the executive function
are clearly vulnerable to aging effects in
left-handed people.

4. The inferiority of the executive function
in the left-handed people might be due
to immature brain network formations
resulting from low birth weight caused
by maternal malnutrition, maternal
metabolic disorders from genetic causes,
fetal growth failure due to sex hormone
insufficiency in the mother, and
premature birth due to accidents.
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Appendix a:

This study was undertaken as a part of the Neuropsychology Section of the Yakumo study;,
which is a large-scale Japanese cohort study that began in 1981, designed to investigate the
health of people living in the Yakumo town located in Hokkaido. Department of preventive
medicine of the Nagoya University of Medical School and the Yakumo town jointly
conducted the project. The Investigations were conducted in the fields of epidemiology,
internal  medicine, orthopedics, urology, ophthalmology, otolaryngology, and
neuropsychology. The participants in the study were engaged in a variety of jobs, not only
white-collar positions, but also agriculture, fishery, and forestry. They had relatively
homogeneous socioeconomic status, as typical of a normative sample of Japanese people
living in the Yakumo town.
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