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Gender Effects on Age-Related Changes in Brain
Structure

Jiang Xu, Shotai Kobayashi, Shuhei Yamaguchi, Ken-ichi lijima, Kazunori Okada, and Kazuya Yamashita

BACKGROUND AND PURPOSE: Previous reports have suggested that brain atrophy is
associated with aging and that there are gender differencesin brain atrophy with aging. These
reports, however, neither exclude silent brain lesionsin **healthy subjects’ nor dividethebrain
into subregions. The aim of this study isto clarify the effect of gender on age-related changes
in brain subregions by MR imaging.

METHODS: A computer-assisted system was used to calculate the brain matter area index
(BMALI) of various regions of the brain from MR imaging of 331 subjectswithout brain lesions.

RESULTS: There was significantly more brain atrophy with aging in the posterior parts of
the right frontal lobe in male subjects than there was in female subjects. Age-related atrophy
in the middle part of the right temporal lobe, the left basal ganglia, the parietal lobe, and the
cerebellum also was found in male subjects, but not in female subjects. In the temporal lobe,
thalamus, parieto-occipital lobe, and cerebellum, brain volume in the left hemisphere is signif-
icantly smaller than in the right hemisphere; sex and age did not affect the hemisphere differ-

ences of brain volume in these regions.

CONCLUSION: The effect of gender on brain atrophy with aging varied in different sub-
regions of the brain. There was more brain atrophy with aging in male subjects than in female

subjects.

CT and MR imaging have provided revolutionary
means for morphologic study of the brain in vivo.
MR imaging obtains much more precise data than
CT because of better tissue contrast and the ab-
sence of bone artifact. The majority of previous
reports indicate that brain volume is reduced and
the volume of the ventricles is enlarged with phys-
iologic aging, which suggests that brain atrophy in
humans is associated with aging (1-23). Some au-
thors found gender differences in brain atrophy
with aging and showed that the degree of change
was milder in women than in men (2, 6-8, 11, 14,
17-21, 23). Other reports present the opposite re-
sults (3-5, 13, 16, 22, 24). Therefore, it still is con-
troversial whether there are gender differences in
brain atrophy with aging.

Many problems still face the study of gender dif-
ferences in brain atrophy with aging. In previous
reports, silent brain lesions were not clearly ex-
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cluded from healthy subjects. The so-called silent
brain lesions included subcortical silent brain in-
farction, focal white matter T2 hyperintensity le-
sions (similar to subcortical silent brain infarction
but without correlative T1 hypointensity), and per-
iventricular hyperintensity (25). Incidence of silent
brain lesions increases with aging and hypertension
(25, 26). Recently, silent brain lesions also were
reported to have a close association with brain at-
rophy (27). Results may be affected if this factor
is not excluded from the analysis. Therefore,
healthy subjects should have no brain disease con-
firmed by history or MR imaging, no risk factors
for stroke, and no white matter signal abnormality.

Brain atrophy with aging occurs heterogeneous-
ly, and differences in the location and degree of
brain atrophy with aging vary with gender. This
makes it difficult to assess exactly gender differ-
ences in brain atrophy with aging, unless regional
differences in the brain are examined in detail as a
crucia part of any study. There aso are individual
differences in brain volume. If the measured brain
volume is not adjusted for head size, height, or
weight, the reliability of results may diminish. In
previous reports on gender differences in brain at-
rophy with aging, adequate statistical comparisons
were not made (7, 8, 17). Because of individual
differences in brain atrophy with aging, it is diffi-
cult to have confidence in the results of previous
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TABLE 1. Age distributions of the subjects

Age Men Women Total
30-39 17 9 26
40-49 29 27 56
50-59 88 70 158
60-69 31 37 68
70-79 11 12 23

Total 176 155 331

reports based on a small number of subjects. The
number of subjects is a crucia factor for any study
of brain atrophy with aging.

Most previous studies analyzed only the frontal
and temporal lobes as a whole, but not their sub-
regions. Only a few reports on parietal lobe (15,
20) and cerebellar (28—-30) atrophy with aging have
been published. The aim of this study was to over-
come the flaws of previous reports and use MR
imaging to clarify the effects of gender differences
with aging on subregions of the brain.

M ethods

Subjects

One thousand one hundred and fifty-five subjects (685 men,
470 women; age range 27 to 87 years) were selected from
persons undergoing health screening of the brain at the Shi-
mane Institute of Health Science between September 30, 1992
and July 9, 1997. None had neurologic complaints. Only sub-
jects who met al of the following conditions were used in this
study: 1) subjects had no previous brain disease; 2) no white
matter signal abnormality and cerebral tumors, infarction, or
hemorrhage were found on MR imaging; 3) subjects had no
risk factors for stroke, such as hypertension, diabetes, cardio-
vascular diseases, or hyperlipidemia; 4) subjects took neuro-
psychological tests, including the Okabe mental scale (a short-
ened version of the Wechsler Memory scale) (31) and the
Kohs block design test—neither test showed intellectual im-
pairment (higher than 40 points on Okabe's scale and higher
than 80 1Q on Kohs' test); 5) subjects were right-handed; 6)
MR images of the head in all subjects were consistent with the
measuring criteria set before the MR imaging examination. Of
the 331 individuals who met all these conditions, 176 were
men and 155 were women. Their age distribution is summa-
rized in Table 1.

To study changes in brain volume with aging, all qualified
subjects were divided into two groups. The young group in-
cluded subjects younger than 50 years (46 men, 36 women)
and the old group included those older than or equal to 50
years (130 men, 119 women). The mean duration of their for-
mal education was 13.3 = 2.8 (mean = SD) years for mae
subjects and 12.7 = 2.7 years for female subjects. The Okabe
mental scale was 49.4 + 4.5 in male subjects and 49.3 = 5.3
in female subjects. Kohs' 1Q was 110.2 = 14.2 in male sub-
jects and 108.5 = 15.4 in female subjects. No gender differ-
ences were seen in age, years of education, Okabe mental
score, or Kohs' 1Q. A marginal interaction of age X sex (P =
.089) was in the analysis of variance (ANOVA) for Kohs
block design test. A post hoc analysis showed that Kohs' 1Q
in the old group decreased by 11.9 points in male subjects (P
< .001) and by 5.6 points in female subjects (P = .06), com-
pared with the younger group. On the other hand, the mean
consumption of alcohol was 25 grams per day in male subjects
and 7 grams per day in female subjects (P < .0001); 43.2%
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of male subjects smoked compared with 4.3% of female sub-
jects (P < .0001).

MR Imaging

Brain MR imaging was performed with a 0.2-T scanner
(Siemens, Erlangen, Germany). Pictures of horizontal, sagittal,
and coronal sections were taken in all subjects. The analyzed
images were sagittal and coronal sections. Eleven coronal slic-
es from the frontal to the occipital lobe were obtained using
T1-weighted images (350/15 [TR/TE]). The sixth slice passed
through the interthalamic adhesion. The slice thickness was
7 mm and the gap was 1.75 mm. Nine sagittal slices al'so were
obtained using T1-weighted images (350/15 TR/TE). The fifth
slice passed through the interhemispheric tissue. The slice
thickness was 7 mm and the gap was 1.75 mm.

Sice Selection

The midline T1-weighted image of the sagittal sections and
five coronal slices were selected for this study. The coronal
dlices were defined as follows: slice-a, passing through the an-
terior branch of the lateral sulcus; slice-b, passing through the
ascending branch of the lateral sulcus; slice-c, the fifth coronal
section that was selected according to the direction from the
frontal to the occipital lobe; slice-d, the seventh coronal sec-
tion; and slice-g, passing through the tonsil of the cerebellum
(Fig 1). Although dlice-c and slice-d were not anatomically
defined, they were located 8.75 mm, respectively, in front of
and behind the sixth slice corresponding to the interthalamic
adhesion. Our method can eliminate the differences in slice
level according to brain size.

Methods of Measurement

Each selected image was scanned into a computer (Macin-
tosh Quadra 700) using a high-resolution CCD camera (Fujix
FV-6000). The areas of the brain structures (a total of 26
regions for each subject, including the frontal, parietal, and
temporal lobes, basal ganglia, thalamus, and cerebellum) were
measured on a 17-inch CRT monitor using National Institutes
of Health image software (version 1.59b4) and a mouse. The
data were obtained for both hemispheres. The following sub-
regions were defined (Fig 1). In the coronal sections, the upper
(F2) and lower frontal lobes (F1) were separated by the ante-
rior branch of the lateral sulcus in slice-a. The upper (F4) and
lower frontal lobes (F3) were separated by the ascending
branch of the lateral sulcus in slice-b. This slice also was used
for measuring the temporal pole (T1). In slice-c, the posterior
parts of the frontal lobe (F5) and basal ganglia were separated
by a line from the top of the circular sulcus of the insula to
the top of the lateral ventricle. This slice also was used for
measuring the middle part of the temporal lobe (T2). In slice-
d, a line between the sylvian fissure and the top of the latera
ventricle separated the parietal lobe from the thalamus. This
slice also was used for measuring the temporal lobe in part
(T3). Slice-e was used to measure the parieto-occipital lobe
and cerebellum. Finally, we measured the cross-sectional area
of the cranial cavity on the midline sagittal section of the skull
by drawing a line on the CRT monitor to set the measurement
boundary aong the skull. The lower boundary of the area was
a line between the basion and opisthion.

Using the midline sagittal image of 30 randomly selected
subjects, we twice measured the areas of the right parietal 1obe,
left cerebellum in the coronal sections, and the cranial cavity,
comparing the areas to determine the reliability of measure-
ment. Furthermore, an independent observer who was blinded to
the am of this study measured the same regions. To verify the
reliability of the data, correlation analysis was used to compare
the observer’s results with those of the authors. There were
strong correlations between the authors' and the observer’s re-
sults (r = 0.958-0.979, P < .0001), as well as between the



114 XU

AJINR: 21, January 2000

Fic 1. T1-weighted MR slices (350/15/7 [TR/TE/excitations]) used for definition of regions of interest.
A, F2, upper frontal lobes; F1, lower frontal lobes.
B, F4, upper frontal lobes; F3, lower frontal lobes; T1, temporal lobe.

C, F5, posterior parts of frontal lobe; B-G, basal ganglia; T2, middle part of temporal lobe.
D, P, parietal lobe; Tha, thalamus; T3, posterior part of temporal lobe.

E, P-O, parieto-occipital lobe; Ce, cerebellum.

F, Midline sagittal cross-sectional area of cranial cavity.

authors’ two results (r = 0.976-0.993, P < .0001), which
suggest that the method of measurement in this study was
reliable.

Index

The formula for the brain matter area index (BMAI) reflects
the relative brain volume adjusted to the individual cranial
size. BMAI = regional brain area/ intracranial area X 100.

Satistics

Two-factor ANOVA with age and sex for the different
regions was used to analyze the gender difference in the
changes of brain structure with aging. Three-factor ANOVA
(age, sex, and left-right) was used to study hemispheric asym-
metry. A post hoc analysis was performed using the Newman-
Keuls test. Significant differences were accepted at a proba-
bility value of less than .05.

Results

Gender Effect on Regional Brain Structure
Changes with Aging

Gender Effect.—The BMAI was significantly
larger in female subjects than in male subjects in
the thalamus and right basal ganglia. In contrast,
BMAI was significantly smaller in female subjects
than in male subjects in the parieto-occipital lobe
and cerebellum (Table 2).

Age Effect.—The BMAI was markedly smaller
in the older group than in the younger group in all
the regions measured except for the basal part of
the frontal lobe (F1) and the left cerebellum, show-
ing that brain atrophy progresses with aging (Table
2).

Age by Gender.—Two-factor ANOVA of age X
sex showed a significant gender difference in
BMAI with aging in the posterior part of the right
frontal lobe (F5), the middle part of the right tem-
poral lobe (T2), the left basal ganglia, parietal lobe,
and cerebellum (Table 2).

In the posterior parts of the right frontal |obe,
post hoc analysis showed that brain atrophy with
aging was larger in male subjects compared with
female subjects. Furthermore, the rate of reduction
of the BMAI ([BMAI of younger group — BMAI
of old group]/BMAI of younger group X 100%)
was used to assess the degree of brain atrophy with
aging. For this region, the reduction rate was mark-
edly higher in male subjects at 7.22% (P < .0001)
than in female subjects at 3.03% (P < .05) (Fig 2),
which suggests that brain atrophy in this region was
milder in female subjects than in male subjects.
Moreover, in the middle part of the right temporal
lobe (right T2), left basal ganglia, parietal lobe, and
cerebellum, post hoc analysis demonstrated that
differences in the BMAI between the old and
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TABLE 2. Effects of gender on aging in BMAI2
Men \Women P value
Region Young (n = 46) Old (n = 130) Young (n = 36) Old (n = 119)  Age Effect Sex Effect Age X Sex
Frontal lobe
f1 right 7.95 + 1.03 7.49 = 1.00 7.48 + 0.81 752 + 1.15 A1 .056 .062
left 7.81 + 1.05 7.68 = 0.96 7.60 = 0.80 7.50 = 1.06 .37 .076 .88
f2 right 14.26 = 1.64 13.33 + 1.36 14.15 = 1.53 13.61 = 1.30 <.0001 57 27
left 14.40 = 1.29 1332 = 1.29 14.14 + 1.35 13.73 = 1.40 <.0001 .602 .052
f3 right 7.53 £ 0.75 6.98 = 0.79 7.39 = 0.76 7.23 = 0.87 .0007 5 .055
left 757 £ 0.79 7.14 £ 0.73 7.46 = 0.70 7.27 £ 0.79 .0012 .93 2
f4 right 15.48 + 1.58 1423 = 1.23 15.50 + 1.39 14.72 + 1.37 <.0001 .091 .18
left 15.60 = 1.35 1435 + 1.21 15.67 + 1.52 1471 = 1.34 <.0001 14 .39
f5 right 16.76 = 1.36 1555 = 1.30 16.50 = 1.25 16.00 = 1.32 <.0001 51 .035
left 16.74 = 1.36 15.64 = 1.26 16.57 = 1.23 16.01 + 1.35 <.0001 A7 A1
Temporal lobe
tl right 492 = 1.06 436 = 1.10 456 = 0.93 431 = 0.90 .0016 .066 .23
left 473 + 1.28 4.00 + 1.02 4.44 + 1.09 4.06 + 0.97 <.0001 34 .20
t2 right 10.84 = 1.27 9.86 = 1.20 1040 + 1.12 10.04 = 1.20 <.0016 .33 041
left 10.32 = 117 9.31 £ 1.05 10.05 + 1.14 9.46 * 1.21 <.0001 .63 16
t3 right 11.08 = 1.28 10.45 = 1.01 10.70 = 1.00 10.56 = 1.12 .005 .24 .078
left 10.61 = 0.99 9.83 = 0.95 10.18 + 0.88 9.85 = 1.02 <.0001 .058 .07
Basal ganglia right 7.15 + 0.81 6.77 = 0.63 7.17 £ 0.67 7.09 = 0.74 011 .025 .094
left 7.22 + 0.63 6.79 + 0.63 7.11 = 0.78 7.14 = 0.75 .023 a2 012
Thalamus right 483 = 0.64 461 = 0.58 5.25 + 0.80 4.76 + 0.63 <.0001 <.0001 .105
left 4.82 = 0.63 448 = 054 5.17 = 0.80 456 = 0.62 <.0001 .0016 .09
Parietal lobe right 18.13 = 1.52 16.94 = 1.28 17.65 = 1.47 17.56 = 1.54 .0005 .66 .003
left 1825 = 1.20 17.08 + 1.42 17.78 + 1.50 17.59 = 1.54 .0002 7 .0085
Parieto-occipital lobe right 29.63 £ 2.71 28.56 = 2.06 28.16 + 2.67 27.65 + 2.31 .007 <.0001 34
left 29.28 + 2.87 28.18 + 2.03 27.61 + 2.22 27.30 = 2.25 .015 <.0001 17
Cerebellum right 13.02 + 1.19 12.20 + 1.07 11.66 + 1.19 11.87 = 1.19 .037 <.0001 .0005
left 12.73 = 1.26 12.06 = 1.05 11.63 = 0.94 11.81 = 1.10 .079 <.0001 .0026

aBMAI, Brain matter area index. (mean = SD)

204

young group

B old group

18 p < 0.0001

Brain Matter Area Index

10

Fic 2. Gender differences in brain atrophy with aging in pos-
terior part of right frontal lobes between young and old groups.

young groups were seen only in male subjects,
showing that brain atrophy occurs in fewer regions
in women than in men.

Asymmetry of Brain Structure
Significant differences in BMAI were between

the hemispheres in al the slices of the temporal
lobe (T1, P = .0002; T2, P = .0001; T3, P =

.0001), the thalamus (P = .001), parieto-occipital
lobe (P = .0001), and cerebellum (P = .0023). All
the BMAIs were smaller in the left hemisphere than
in the right hemisphere. There were no interactions
of hemisphere X age, hemisphere X sex, and hemi-
sphere X age X sex in these regions, which sug-
gests that the left-right differences in BMAI were
not affected by sex or age (Table 3).

Discussion

Gender Difference in Brain Structure with Aging

This study showed a gender difference in the
changes of brain structures with aging. In the pos-
terior parts of the right frontal lobe, brain atrophy
with aging was more significant in male subjects
than in female subjects. In the middle part of the
right temporal lobe, the left basal ganglia, the pa-
rietal lobe, and the cerebellum, brain atrophy with
aging was found only in male subjects. These find-
ings indicate that the gender effect on brain atrophy
varied among the regions, especially subregions, of
the brain.

Previous reports have shown gender differences
in brain structure changes with aging in the right
frontal lobe. Some authors indicated that the atro-
phy of the right frontal lobe was found only in men
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TABLE 3: Differences of left-right on aging in regional BMAI*
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BMAI P value
L-R X Age X
Region Left Right L-R Effect L-R X Age L-R X Sex Sex

Frontal lobe

fl 7.63 = 1.00 757 = 1.05 49 .38 .83 .034

f2 13.71 = 1.39 13.65 = 1.44 .36 .96 .93 .30

f3 7.28 = 0.77 7.17 + 0.83 .058 .64 .52 .35

f4 14.80 = 1.40 14.72 = 143 .079 44 74 45

5 16.03 = 1.36 1599 + 1.38 A7 .75 .96 34
Temporal lobe

t1 4.17 = 1.08 444 + 1.02 .0002 21 43 .88

t2 958 = 1.19 10.12 = 1.24 .0001 .29 .56 .37

t3 998 + 1.01 10.60 = 1.10 .0001 A2 .55 .86
Basal ganglia 7.01 = 0.71 6.98 + 0.72 .56 72 45 31
Thalamus 4.63 = 0.65 4.76 + 0.66 .001 .066 .25 .98
Parietal lobe 1751 = 1.49 17.41 + 1.49 .068 .76 71 .62
Parieto-occipital lobe 27.96 + 2.34 28.34 + 2.40 .0001 .62 .63 .55
Cerebellum 12.02 = 1.13 1214 = 1.21 .0023 .50 .054 .30

*BMAI, Brain matter area index (mean *= SD); I-r, left-right.

wheresas others stated that it was found in both men
and women, but that the atrophy in this region was
more marked in male subjects than in female sub-
jects (18, 20). These studies did not divide the fron-
tal lobe into subregions, however. Other reports
found no gender difference in brain structure
changes with aging in the dorsolateral prefrontal
cortex (15). We divided the frontal lobe into five
subregions and found that only the posterior parts
of the right frontal lobe showed a gender difference
in brain atrophy with aging. Therefore, it seems
that the gender differences in right frontal lobe at-
rophy with aging occur only in the posterior parts
of the right frontal lobe. In the temporal lobe, brain
atrophy with aging was reported to be more marked
in men than in women (18, 20, 21), but these re-
ports also did not divide the temporal |obe into sub-
regions. According to our results, the gender dif-
ferences in temporal lobe atrophy with aging may
exist only in the middle part of the right temporal
lobe. These findings suggest that studying subre-
gions of the brain provides a clearer picture of the
effect of gender on brain structure changes with
aging.

Some reports showed brain atrophy with aging
in the caudate and lenticular nuclei (12, 20, 32),
but no gender differences. These results may be
attributed to too small a sample size. Our study
found gender differences in the atrophy of the left
basal ganglia with aging. We did not, however, di-
vide the basal ganglia into the caudate and lentic-
ular nuclel, and are therefore unable to distinguish
whether this difference occurs in the caudate or len-
ticular nuclei.

Murthy et a (20) reported that bilateral brain at-
rophy with aging in the parietal lobe was more
marked in women than in men, which is not con-
sistent with our results. This difference may be at-
tributed to the different methods of measurement.

It is reported that the cerebellum islarger in men
than in women (28, 29) and that brain atrophy with
aging occurs in the cerebellum (30, 20, 33). Our
results are consistent with this. To our knowledge,
there are few published reports on gender differ-
ences in cerebellar atrophy with aging. It is well
known that heavy acohol intake causes cerebellar
atrophy. In this study, male subjects drank signifi-
cantly more alcohol than did female subjects. This
might be one of the causes of the gender differ-
ences in cerebellar atrophy with aging. When
drinkers were compared with non-drinkers, how-
ever, there was no significant difference in cere-
bellar atrophy with aging. Further study of thisis-
sue is necessary.

The cause of gender differences in brain atrophy
with aging is still unclear and may be attributed to
internal and external factors. Sex hormones may be
involved in the former, whereas the natural envi-
ronment, family circumstances, education, and hab-
its (such as smoking and alcohol) may be involved
in the latter. Compared with external factors, levels
of sex hormones are relatively stable between in-
dividuals, so the effect of sex hormones on brain
structures may be more important. For example,
testosterone level is significantly correlated with
the weight of the brain and hippocampus in animal
experiments (34). Testosterone administration en-
hances spatial cognition in older men (35), which
suggests a relationship between testosterone, brain
volume, and spatial cognition.

Some authors have indicated that there are gen-
der differences in brain metabolism in different
regions of the brain (20, 36). These differences are
most marked in the same regions as those in which
we found gender differences, such as the temporal
and parietal lobes and the cerebellum. Because few
published studies have investigated changes in
brain structure and metabolism with aging in the
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same subjects and regions, the mechanism of brain
atrophy with aging is not entirely clear.

Asymmetry of Brain Structure

Concerning the asymmetry of brain structure,
particularly in the temporal lobe, anatomic studies
indicated that the planum temporale (upper surface
of the temporale) was larger on the left than on the
right (37, 38). The same results also were obtained
by measuring the height of the sylvian point (pos-
terior end of the lateral fissure) and the length of
the lateral fissure (39). Because the left hemisphere
is considered the dominant hemisphere, the volume
of the left hemisphere is larger than that of the
right. This view was first attributed to the fact that
the speech center is located in the left hemisphere
in 97.5% of right-handed people and in 68.2% of
left-handed people (40). Not all brain functions,
however, are located predominantly in the left
hemisphere. We think ‘‘speech dominant hemi-
sphere’” is a more suitable way to describe brain
asymmetry than ‘*dominant hemisphere.” For ex-
ample, previous studies showed that the function of
spatia attention is found predominantly in the right
hemisphere (41). On the other hand, Wernicke's
area may be more suitable than the planum tem-
porale for describing the asymmetrical structure of
the brain, because Wernicke's area is a large part
of the planum temporale. In our study, the temporal
lobe was smaller on the left than on the right in
three sections. This might reflect the total volume
of the temporal lobe. Our results are consistent with
those of the in vivo MR imaging study of Jack et
a (42).

In general, segmentation and three-dimensional
measurement were performed to assess brain vol-
ume. Because the brain slices in the present study
were obtained from archived data that did not cover
the whole cranial cavity, we could not accurately
assess the volume of crania cavity. Thus, we used
a two-dimensional method for evaluating the rela-
tive size of region of interest.

Conclusion

Brain atrophy may vary with either gender or the
brain region. Furthermore, gender effect on brain
atrophy with aging varies among different subre-
gions of the brain. There is more brain atrophy with
aging in men than in women. The present study
only was involved in frontal and temporal lobes of
the brain at the level of subregions. Gender differ-
ences in brain atrophy with aging in subregions of
other parts of the brain, including the parietal lobe,
occipital lobe, cerebellum, basal ganglia, and thal-
amus, are objects of further study.
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