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Abstract

The relation between cognitive and postural functioning was examined as developmental changes among healthy
older adults. The 339 participants (207 women and 132 men) of four age groups (50’s, 60’s, 70’s, and 80’s) were
given the Digit Cancellation Test (D-CAT) for the assessment of prefrontal cortex related cognitive functioning, and
the Logical Memory Test for the assessment of fronto-parietal cortex related cognitive functioning. The postural
functioning of the participants was measured by a stabilometer for the assessment of cerebro-cerebellar related
motor functioning. The results showed that the developmental changes in performances for non-automatic
intentional cognitive and automatic motor postural functioning were not parallel. Cognitive functioning did not show
clear sex difference while motor postural functioning showed robust sex difference. Largely, cognitive functioning D-
CAT and Logical Memory Test showed gradual performance decrease 23-48% for each age group from 50’s to 80’s
while robust motor postural functioning performance decreased approximately 60% from 70’s to 80’s in men and
approximately 65% from 60’s to 70’s in women. Based upon these findings, characteristics of age-related changes in
cerebro-cerebellar brain systems in middle aged and older healthy people are discussed.

Keywords: Aging; Brain function; Stabilometer; Cognitive
functioning; Postural functioning

Introduction
Studies using different research methods, a substantial inter-

relationship between the prefrontal and cerebellar cortices have been
reported. For example, fMRI studies showed that both the prefrontal
cortex and cerebellum activated during tasks of sustained attention or
working memory [1-11]. Strick et al. developed a new method of virus
tracing and identified anatomical networks between the cerebellar
cortex and the prefrontal cortex [12-15]. A recent comprehensive
review by Boston and Strick (2011) [16] and Boston, Dum and Strick
(2013) [17] show evidences that indicate more precise cerebro-
cerebellar loops in primate and human brain.

By behavioral experimental methods, we demonstrated a
relationship between cognitive and cerebro-cerebellar functions as well
as fMRI studies [18]. In that study, we assessed the relationship
between performance on a stabilometer, a measure of cerebello-
thalamo-cortical circuit automatic functioning, and measures of
attention and verbal cognitive non-automatic functioning that are
representative of prefrontal cortex related function with healthy
middle and upper-middle aged people. The results showed that the
group scoring above the median on the stabilometer measurements
had significantly better performance than the group scoring below the
stabilometer median on the Digit Cancellation Test (D-CAT), whereas

no group difference was found for the word fluency test. Although this
previous study successfully demonstrated a group difference on a
measure assessing cerebello-thalamo-cortical circuit functions, it was a
limited study, such that age differences and sex differences were not
examined.

The purpose of this present study was to investigate the relation
between prefrontal cortex related and cerebro-cerebellar functions
more precisely for the developmental change and the sex difference.
To address this purpose, it is not realistic to administer data collection
using fMRI or brain injury method, while it is possible when we use
behavioral experimental method even if hundred participants
participated.

In this study, we examined whether the developmental changes for
cerebello-thalamo-cortical circuit automatic functioning are identical
to those changes for prefrontal cortex and front-parietal cortex non-
automatic cognitive functioning, as assessed by the D-CAT and
Logical Memory Test from middle age to upper-middle age. We were
also interested in determining whether there were any sex differences.
Since in our previous study, verbal functioning (measured by a verbal
fluency test) did not show a clear relation with postural functioning, in
the present study we instead looked at memory function (measured by
the Logical Memory Test).

Therefore, the following working hypotheses were examined in this
study. First, age-related declining changes of postural maintenance
performance (cerebello-thalamo-cortical circuit function) are not
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parallel with D-CAT performance (representing mainly prefrontal
cortex function). Second, the age-related decline slopes for the Logical
Memory Test are not similar to the slopes for the D-CAT, because the
Logical Memory Test depends more upon front-parietal cortex
functioning [19,20]. Third, there is a sex difference in developmental
declining changes between both postural and cognitive functioning.

The first working hypothesis was induced from the cognitive aging
proposal reflecting evolution proposed by Hatta [19], which are
discussed later. The third working hypothesis was derived from a
proposal about the relation between cognition and sex-related
hormones from Kimura [21], which are discussed later.

Ethical Approval
Ethical approval was obtained from the Ethical Committee of the

Nagoya University Medical School for the Yakumo Study (Genetic
polymorphism study for health checkup examinees in Yakumo town,
2011 # 643). Written informed consent for participation and data
publication were obtained from each participant. The data were
collected in 2010 and 2011 as a part of the neuropsychology and
orthopedics sections of the Yakumo Study designed to investigate the
health of people living in the town of Yakumo on the island of
Hokkaido in Japan (Hatta, 2007) [22]. The Department of Preventive
Medicine of the Nagoya University Medical School and the town of
Yakumo jointly conducted the study. The investigations were
conducted by professionals in the fields of epidemiology, internal
medicine, orthopedics, neuropsychology, ophthalmology,
otolaryngology, and urology. Participants in the study had been
engaged in a variety of jobs, not only white collar, but also agriculture,
fishery and forestry.

Method

Participants
The participants were healthy rural-community dwellers over 50

years of age (N=339; 207 women, 132 men). All participants

voluntarily participated in the health examination organized by local
government of Yakumo Town and Nagoya University. All participants
showed no sign of physical disorders or internal disease or dementia at
the time of the initial examination. For signs of internal diseases, the
participants were examined by physicians in accordance with the
health examination program. For signs of dementia or other
neurological disorders the participants were evaluated by
neuropsychologists using the Mini Mental State Examination (MMSE)
and the Quality of Life (QOL) questionnaire.

To examine developmental changes in a cross-sectional design, the
participants were assigned into four groups based on the decade of
their age: 50’s (45 women, 17 men), 60’s (76 women, 52 men), 70’s (56
women, 39 men) and 80’s (30 women, 24 men). The detail of the
participants’ information showed the Table 1. All participants were
enrolled in the Yakumo Study in Japan.

Apparatus and procedures
Postural function: Postural function was measured by a

stabilometer (Anima) in the same manner as in our previous study
[23]. The manual and the standard norms for the stabilometer were
developed by Tokita [24]. Two examiners, an orthopedic surgeon and
an assistant, administered the postural examination to all participants.
The stabilometer can provide indices such as distance and size of
moving tracks for 60 s and the Ronberg ratios (eye-closed/eye-open
conditions) in both the eye-open and eye-closed conditions. These
reflect the cerebello-thalamo-cortical circuit functions more directly
than the other index such as the velocity of moving [23]. These
measures have been employed as a useful tool for the diagnosis of
Parkinson’s disease and equilibrium disorders and it relates to
connectional profiles are involved in “automatic” motor functions
[24-28].

Age 50’s 60’s 70’s 80’s

Sex Men Women Men Women Men Women Men Women

Number of participants 17 45 52 76 39 56 24 30

M 54.18 55.49 63.81 64.45 74.18 73.1 83.58 82.7

SD 3.24 3.1 2.63 2.73 2.9 2.44 2.73 2.26

Years of Education  

M* 13.1 12.5 11.4 11.2 10.8 10.12 9 8.83

SD 2.23 1.73 1.93 1.51 2.02 1.69 1.48 2.18

Table 1: Participants’ information. *M: Mean, SD: Standard Deviation

Cognitive function: Participants were given the Digit Cancellation
Test (D-CAT) and the Logical Memory Test individually to measure
prefrontal cortex function. These relate to different connectional
profiles are involved in “non-automatic” intentional cognitive
functions.

On the D-CAT, participants were requested to search for one, two
or three target digits on a sheet of randomly arranged digit sequences
and mark as many target digit(s) as they could for 60 s. The Total
Performance score is the total number of digits that the participant
cancelled correctly. It can be regarded as an assessment of information
processing speed, focused attention, and sustained attention according
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to the hierarchal model of attention by Solberg and Mateer [29]. The
D-CAT seems dependent on control of the frontal eye fields, a
function of the dorsal attention network, consisting of frontal eye field
and parietal lobe connections. Further, this task recruits the ventral
attention network for object identification. Although these complex
relationships are the underpinnings of performance on processing
speed tasks and it certainly not restricted to the frontal-parietal
networks, we refer to D-CAT as prefrontal cortex representing task to
simplify description.

The D-CAT 3, with three targets, was used in the present study and
is considered to reflect prefrontal cortex functioning [30]. In the D-
CAT, errors such as missing targets and false alarms were recorded;
however both missing targets and false alarms were not used in the
statistical analyses in this study because they were so infrequent among
our participants. The reliability and validity of the D-CAT have been
reported elsewhere [23,31-33].

In the Logical Memory Test participants were given the Japanese
version of the Wechsler Memory Scale-Revised (WMS-R). Twice the
examiner read a short news story consisting of 25 segments, and each
participant was asked to recall the story. Usually, the Logical Memory

Test has both immediate and delayed recall conditions. In our present
study, only immediate recall was used. Each segment that was correctly
recalled by the participant was assigned a score of 1 point; therefore
the total score ranged from 0 to 25 points. Memory is dependent on
the medial temporal lobe system as measured by WMS-type subtests,
however immediate memory related strongly to the frontal-parietal
network. Therefore we refer to this task as fronto-parietal cortex
representing one. In previous studies, the NIRS (Near-infrared
Spectroscopy) identified robust activation of the prefrontal cortex
during the D-CAT, and both frontal and temporal cortices activation
during the Logical Memory Test [20,34,35].

Results
Performance scores for the stabilometer measures and the cognitive

task items showed different distributions and ranges. Therefore, the
raw scores were all transformed into z scores to compare the different
measures. Table 2 shows the z scores for six measures from the
stabilometer as a function of age group and sex. As can be observed in
Table 2, the six stabilometer measures showed fairly similar patterns
for the age groups and sex differences.

 
50’s 60’s 70’s 80’s

Women Men Women Men Women Men Women Men

Distance in open eye
0.44 -0.02 0.48 0.01 -0.04 -0.37 -0.16 -1.85

-0.55 -0.64 -0.53 -0.78 -0.82 -0.87 -0.86 -1.68

Distance in closed eye
0.47 -0.1 0.47 -0.01 0.1 -0.43 -0.17 -1.87

-0.41 -0.68 -0.53 -0.74 -0.64 -1.02 -0.81 -1.93

Ronberg ratio in distance
3.56 -0.15 0.32 0.03 0.22 -0.36 -0.12 -1.35

-0.43 -0.76 -0.66 -0.93 -0.59 -1.21 -0.88 -2.04

Size in open eye
0.13 0.35 0.36 0.03 0.14 -0.15 -0.17 -1.02

-0.92 -1.2 -0.92 -0.9 -0.86 -0.92 -0.92 -1.37

Size in closed eye
0.38 -0.09 0.33 0.06 0.13 -0.34 -0.13 -1.62

-0.42 -0.77 -0.6 -0.65 -0.66 -1.02 -0.83 -2.29

Ronberg ratio in size
0.4 -0.11 0.19 0.06 0.08 -0.34 -0.06 -1.42

-0.47 -1.11 -0.62 -0.77 -0.59 -1 -0.87 -2.3

D-CAT (3 digit cancellation)
0.78 0.65 0.27 -0.02 -0.43 -0.62 -0.78 -0.76

-0.95 -1.02 -0.75 -0.88 -0.75 -0.78 -0.65 -0.76

Logical Memory
0.73 0.38 0.31 -0.15 -0.031 -0.025 -0.077 -0.51

-0.76 -0.86 -0.88 -0.88 -1.08 -0.87 -0.85 -0.95

Table 2: Stabilometer measurements, D-CAT and Logical Memory performances as a function of age and sex (z scores). Numbers in the
parentheses are standard deviations.

An analysis of variance (ANOVA: age by sex) was conducted for the
six stabilometer measures. The results showed that the main effects of
age group and sex and their interaction were all significant at 5 % level:
for age group, F3, 331=14.49, 14.65, 6.21, 5.03, 8.77, and 4.66, Distance
of moving tracks in open eye, Distance of moving tracks in closed eye,
Ronberg ratio in distance, Size in open eye, Size in closed eye, and

Ronberg ratio in size, respectively; for sex, F1, 331=55.35, 66.94, 35.20,
17.81, 38.69, and 23.70, Distance in open eye, Distance in closed eye,
Ronberg ratio in distance, Size in open eye, Size in closed eye, and
Ronberg ratio in size respectively; for the interaction of age group and
sex, F3, 331=9.02, 7.55, 2.75, 2.9, 5.99, and 5.33, Distance in open eye,
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Distance in closed eye, Ronberg ratio in distance, Size in open eye, Size
in closed eye, and Ronberg ratio in size.

All six stabilometer measures showed significant differences for age
group and sex. To address the purpose of this study, the Distance of
moving tracks in Eye Open(hereafter, Distance in Open Eye) measure
was used as a representative of postural function in relation to age
group differences and sex differences in elderly people (because all
other indices showed similar statistical results). For the Distance in
Open Eye, both main effects were significant, for age group (F3,
331=31.72, p<0.001, η2=.279) and for sex (F1, 331=55.36, p<0.001, η2=.
191). The interaction between age group and sex was also significant
(F3, 331=9.01, p<.001, η2=.497). Further analyses revealed that the
significant interaction reflected the fact that men in their 50’s, 60’s and
80’s showed poorer performance than women in those age groups
(p<0.048, p<0.002, and p<0.001, respectively), while no sex difference
was found for the performances of the 70’s age groups (p 0.061). As
can be seen from Figure 1, the results indicate that not only do men
show poorer performance than women, but also men’s performance
shows a steep decline from their 70’s to 80’s while women’s
performance shows a gentle, gradual decline from their 60’s to 80’s.
The statistical comparisons indicated that except for the absence of a
significant difference between men and women in their 50’s and 60’s
(p=0.097), there were significant sex difference for all the other age
groups (p<0.001).

Figure 1: Postural performances (Distance in open eye) of men and
women as a function of age groups after 50 years old (black column
refers to women and gray column refers to men). Statistical results
(p score) from age and sex interaction were shown in upper part of
the figure whereas p scores in age group difference were shown in
lower part of the figure. Statistical values (F score) were described
in the text.

Table 2 shows z scores for the D-CAT 3 as a function of age group
and sex. The ANOVA showed a significant effect for age group (F3,
331=40.21, p<0.01, η2=.354). The sex difference was not significant
(F1, 331=2.29, p>0.05), nor was the interaction between age group and
sex (F3, 331=0.46, p=0.711). As seen from Figure 2, both women and
men showed a gradual constant performance decline from the 50’s to
80’s. The D-CAT 3 performances for women and men show a decrease
gradually from age 50’s until 70’s; all age group comparisons showed a
significant sex difference at a confidence level of p<0.001, except the
difference between the 70’s and 80’s was not significant, p=0.078. Sex
differences were not significant for all age group comparisons
(p=0.131).

Figure 2: D-CAT 3 performances in men and women as a function
of age groups after 50 years old (black column refers to women and
gray column refers to men). Statistical results (p score) from age
and sex interaction were shown in upper part of the figure whereas
p scores in age group difference were shown in lower part of the
figure. Statistical values (F score) were described in the text.

Table 2 also shows the z scores for the Logical Memory Test as a
function of age group and sex. (F3, 331=17.45, p<0.01). A sex
difference was not significant (F1, 331=1.26, p>0.05). The interaction
between age group and sex was significant for the Logical Memory
Test (F3, 331=2.70, p<0.046, η2=.024). Further comparisons did not
show significant sex difference for the 50’s, 70’s and 80’s age groups
(p=0.070, 0.756, and 0.222, respectively). For the 60’s age group,
women showed better performance than men (p<0.005). As seen from
Figure 3, the significant interaction reflects the fact that men showed a
steep performance decline from their 50’s to 60’s, while women
showed a gradual constant decline from their 50’s to 80’s (all age group
comparisons were significantly different at the p<0.022 or greater
confidence level). Although women showed better performance at age
50’s and 60’s than men, at age 80’s the men showed better performance
than the women.

Figure 3: Logical Memory Test performances in men and women as
a function of age groups after 50 years old (black column refers to
women and gray column refers to men). Statistical results (p score)
from age and sex interaction were shown in upper part of the figure
whereas p scores in age group difference were shown in lower part
of the figure. Statistical values (F score) were described in the text.

To summarize, the findings clearly showed that the developmental
changes of postural functioning and cognitive functioning are not
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parallel, and a prominent sex difference was shown for postural
functioning. The two cognitive measures, D-CAT 3 and Logical
Memory Test, showed different changes, although both showed
decline slopes and no sex differences.

Discussion
In our previous study [18], the adults scoring above the median on

the stabilometer measurement showed better performance on the
Digit Cancellation Test than those adults scoring below the median on
the stabilometer measurement; no group difference was shown for the
word fluency test. These results were regarded as a demonstration by
using behavioral measures of the substantial relationship between the
prefrontal cortex and cerebro-cerebellar functioning as described
earlier in the introduction. Previous findings, however, did not offer
further information, such as about any age or sex differences. Do both
men and women show parallel developmental changes? Is there any
possible serial-order relation, e.g., postural functioning declines earlier
than cognitive functioning or is the reverse the case? How about the
mutual developmental changes among cognitive tasks, such as
attention and memory? In other words, the purposes of the present
study were to address these questions that do development for
cerebello-thalamo-cortical circuit of automatic postural functioning
parallel with those for prefrontal cortex and fronto-parietal cortex of
non-automatic cognitive functioning from middle age to upper-
middle age?

In this study, the postural function measure that represents
automatic motor function and two cognitive tasks (D-CAT and
Logical Memory Test) representing unfamiliar non-automatic
intentional function were employed. This is because that recent
evidences by brain imaging and virus tracing methods in
neuroanatomy suggest that cerebellar links vast range of neocortex
areas including prefrontal and post-parietal cortex. Further, evidences
elucidate that cerebellum involves not only automatic motor function
associated with basal ganglia but also non-motor intentional cognitive
functions mediated by the prefrontal and posterior parietal cortex
[17,26]. Also striatum anatomy evidences indicate that motor related
networks consisted of four types of neural network, sensori-motor
loop, oculomotor loop, association loop, and limbic loop [25] and
suggest therefore brain works as a system. Actually we demonstrated
the findings that suggest brain works as a system where even memory
recall of unilateral using tool (e.g., knife) picture invites related
automatic motor imagery and recognition errors [36]. Therefore, it
can be regarded that D-CAT represents processing speed that are
dependent on the integrity of white matter tracts that connect many
distal brain regions, including prefrontal cortex. Because, D-CAT
seems dependent on control of the frontal eye fields, a function of the
dorsal attention network, consisting of frontal eye field and parietal
lobe connections; similarly, this task recruits the ventral attention
network for object identification. And Logical Memory Test activates
not only front-parietal neural network, medial temporal lobe related
network, and association loop and limbic loops of striatum.

The results of the present study can be summarized as follows. First,
for postural functioning, the results show that men’s performance was
inferior to women’s for all age groups. A decline appeared at age 60’s
(a significant difference was shown between the 60’s and 70’s, but not
between the 50’s and 60’s), and steep decline was shown from age 70’s
(the difference between 70’s and 80’s was significant). Second, men’s
performance was inferior to women’s throughout the age groups from
the 50’s. Finally, an interaction between age and sex was seen that

reflects a clear difference, which appeared between the age groups of
the 70’s and the 80’s in men, while in women the decline of posture-
sustaining functioning or “automatic” motor function in cerebro-
cerebellar neural networks from age 50’s was rather slow.

It is well known that men’s motor kinetic abilities, such as arm/leg
muscle power, are superior to those of women throughout the lifespan
from adolescence. However our findings showed that this was not the
case for posture-sustaining functioning [37-39]. The neural
mechanisms to sustain human standing posture are complex and the
precise mechanisms are still controversial. However, it is generally
acknowledged that postural functioning depends mainly on the
functioning in the somatic-sensory cortex, basal ganglia, and
cerebellum (i.e., cerebro-cerebellar neural networks), and muscle
power itself does not have a crucial role [40]. This means that postural
functioning requires much more complex or integrated networks than
simple arm/leg actions such as pick up or holding. The age-related
decline in these integrated motor-kinetic abilities is not similar
between men and women. Furthermore, the results for men in their
80’s indicated a steep decline from their 70’s, more than was found for
women in their 80’s, which suggests that robust functional decline
appears in the “automatic” motor function in cerebro-cerebellar
neural networks in older men.

Second, regarding cognitive functioning, both sexes showed similar
age-related developmental changes. However, the age-related changes
were not parallel between the D-CAT 3 and the Logical Memory Test.
The performance decline on the D-CAT 3 was steeper than for the
Logical Memory Test. According to previous studies, the D-CAT 3
reflects attention and information processing speed mainly related to
prefrontal cortex functioning, whereas the Logical Memory Test
reflects memory mainly related to fronto-parietal cortex network
functioning [18,25,26,32,]. These findings have been supported by
evidence of robust regional activation using the brain imaging
technique of NIRS (Near-infrared Spectroscopy). The present findings
of different declining slopes for the D-CAT 3 and the Logical Memory
Test suggest that the prefrontal related functioning is more vulnerable
than the fronto-parietal cortex network representing functioning in
terms of age-related functional decline. The findings that prefrontal
task showed greater decline than temporal tasks might be explained
different way by the kind of processing, fluid or crystalline, involved.

Several previous studies have suggested developmental sex
differences in cognitive functioning, e.g., women’s performance is
superior to men in memory-related tasks and information processing-
speed tasks [21]. However, the present analyses did not yield a
statistically significant sex difference. This discrepancy may reflect
statistical limitations related to sampling age-range differences. In this
present study the purpose was to focus on later stages of people’s
postural and cognitive function, so the youngest age group was the
50’s, whereas in previous studies the youngest age groups were 30’s or
40’s. Kimura [21] proposed a sex-related hormonal mechanism that
generates sex differences in cognitive functioning, which is supported
by considerable evidence. Our research group as well as others also
reported supportive evidence that age groups of pre-menopausal
women showed better performance than men on information
processing-speed tasks and memory tasks (e.g., D-CAT 1 and verbal
memory test). In contrast, no differences were shown for older age
groups of post-menopausal women [41,42]. Hatta and Nagaya (2009)
[43] examined menstrual-cycle phase effects on memory and Stroop
task performances, and found sex-related hormone modulation that
selectively affected cognitive functions. The results showed a
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significant difference in Stroop task performance between low and
high levels of estradiol and progesterone during the menstrual cycle,
i.e., a low level of estradiol secretion contributed to reducing the
attention level that is related to the prefrontal cortex. These findings
suggest that a sex-related hormone effect is important for cognitive
performance until menopause. Therefore, it seems reasonable that no
sex difference was shown for the age groups of presumably post-
menopausal participants in this present study, because the mean age
for menopause in Japanese women is approximately 52 years old [44].
The sex differences in the declining trajectory difference for
performance in this present study might also be interpreted as related
to biopsychosocial influences. Very recent review by Miller and
Halpern [45] suggested cultural effects on cognitive sex differences.
Therefore, it seems reasonable that not only sex-related hormonal
influence but also cultural factors such as economic prosperity and
gender equity on cognitive development in men and women.

Comparison of postural and cognitive performances as a function
of age groups clearly shows that postural performance declines rapidly
in the later years, while cognitive performance declines gradually from
an earlier time period of older age. Largely, cognitive functioning D-
CAT and Logical Memory Test showed gradual performance decrease
approximately 23-48% for every age group from 50’s to 80’s while
motor postural functioning performance decreased approximately
60% from 70’s to 80’s in men and approximately 65% from 60’s to 70’s
in women. Decline in postural performance appears from the 70’s in
both men and women, although this phenomenon was much clearer
for men than for women. These findings suggest that prefrontal cortex
related functioning that represents non-automatic intentional
performance is more fragile than cerebro-cerebellar network
functioning that represents automatic non-intentional performance
differentially between men and women in elderly people [45]. We may
be able to speculate that age-related functional decline appears in the
opposite sequence from the evolution of brain functional areas, that is
frontal cortex-related cognitive dysfunction occurs first, and then
dysfunction follows relating to the cerebro-cerebellar network,
including the limbic system and basal ganglia [34].

Several suggestions can be prepared for health care staffs from these
empirical evidences. First, as non-automatic intentional frontal cortex-
related cognitive dysfunction occurs earlier, age around 60’s in both
men and women, than automatic non-intentional performance, health
care staffs of local government should develop exercise programs for
ameliorating cognitive aging, such as exercise program to sustaining
attention and information processing speed. Second, as a decline of
cerebro-cerebellar network functioning that induces automatic
performance appears robustly around the age of 70’s years old, health
care staffs should stress the importance of aerobic exercise from earlier
age. Third, preparing exercise programs both for cognitive and motor
functions should be considered sex differences in development. The
importance of aerobic exercise should be stressed for men than for
women, especially in winter season as our participants live in heavy
snow accumulation area of Japan. Needless to say, as Greenwood and
Parasuraman, [46] suggested, heath care staffs should develop proper
programs for community-dwellers such that stress on the importance
of not only aerobic exercise and cognitive tasks but also of diet as well
as nutrition.

Finally, the findings of the present study demonstrated that the
developmental changes in performances for non-automatic intentional
cognitive and automatic motor postural functioning were not parallel
using behavioral measures; however several limitations should be

noted. The data are not longitudinal but cross-sectional (longitudinal
data base for 15 years will be completed in 2016 in Yakumo Study)
[47-49] and sample size of each age group is not enough large,
therefore further examination should be continued.
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