¢ Human Brain Mapping 32:1050-1058 (2011)

Gender and Age Differences in Normal Adult
Human Brain: Voxel-Based Morphometric Study

Ryuichi Takahashi,“’< Kazunari Ishii,2‘3 Tatsuya Kakigi,4
and Kazumasa Yokoyama'

'Department of Neurology, Hyogo Prefectural Rehabilitation Hospital at Nishi-Harima, Hyogo, Japan
*Department of Radiology, Hyogo Brain and Heart Center, Himeji, Japan
*Department of Radiology, Kinki University School of Medicine, Osakasayama, Osaka, Japan
*Department of Cognitive disorders, Hyogo Prefectural Rehabilitation Hospital at Nishi-Harima,
Hyogo, Japan

L 4 *

Abstract: The aim of this study was to evaluate the gender and age differences in the normal adult
human brain, using voxel-based morphometry. In this study, 227 right-handed normal adults (male:fe-
male = 111:116) were examined. Three-dimensional magnetic resonance brain images of each subject
were segmented into gray and white matter using statistical parametric mappings. All individual data
were transformed to standard brain space and then divided into older and younger age groups before
examining the effects of age and gender. There was a significant negative correlation between gray
matter concentration and age in each gender group. The differences were more prominent in the older
age groups compared with the younger age groups. Gray matter concentrations in the bilateral inferior
frontal lobes, anterior cingulate gyrus, medial thalamus, and hypothalamus were more retained in
females as they aged, whereas those in the occipital regions were more retained in aging males. Our
findings are consistent with biologically and hormonally established gender differences. Hum Brain
Mapp 32:1050-1058, 2011.  © 2010 Wiley-Liss, Inc.
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INTRODUCTION

Gender differences have been investigated in numerous
studies using various modalities with respect to behavior,
diseases, healing processes, and results of disease therapy.
There have been a number of discussions concerning the
anatomical gender differences in the normal adult human
brain. It is well known that the brain size of males is
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larger than that of females, as revealed by postmortem ex-
amination [Ankney, 1992] and in vivo imaging studies [Fil-
ipek et al., 1994; Nopoulos et al., 2000; Witelson et al.,
1995]. Females have a larger volume of cortical gray mat-
ter after correction for total brain volume [Gur et al., 1999;
Luders et al., 2005]. Females also possess larger dorsolat-
eral prefrontal cortex [Schlaepfer et al., 1995], thalamus
[Murphy et al., 1996; Xu et al., 2000], hippocampal regions
[Filipek et al., 1994; Murphy et al., 1996], anterior cingulate
gyrus [Brun et al., 2009; Paus et al., 1996], and parietal
lobes [Nopoulos et al., 2000] as compared with males. Fur-
thermore, females have more gray matter in language-
associated regions, including Broca’s area and the auditory
cortex [Brun et al., 2009; Harasty et al., 1997], and more
cortical complexity in the inferior frontal lobe [Luders
et al., 2004] than males. However, it should be noticed that
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some studies [Luders et al.,, 2002, Brun et al., 2009] have
reported that brain size (not gender-specific differences) is
the main variable determining the concentration of the
gray matter even after correction of the global differences
by using proportional scaling. However, the other afore-
mentioned studies have not accounted for the effect of the
brain size on gray-matter concentration. On the other
hand, men have a larger volume of cortical gray matter in
the cerebellum [Escalona et al., 1991; Raz et al., 2001; Xu
et al., 2000] and the limbic region [Giedd et al., 1997; Good
et al., 2001a]. Thus, gender differences in the volume of re-
gional gray matter appear to be inconsistent. However,
these inconsistencies may be owing to various methodo-
logical approaches. Earlier studies using computed tomog-
raphy (CT) and magnetic resonance imaging (MRI)
morphometry have mainly used regions of interest (ROI)
analyses to explore gender differences. This method is
time consuming and can only provide measures for rather
large areas, i.e., finer differences might be overlooked. In
recent years, voxel-based morphometric (VBM) analysis
has been developed to investigate focal differences in brain
anatomy, using the statistical parametric mapping (SPM)
approach. This is performed by segmenting each brain
image set into gray matter, white matter, and cerebrospi-
nal fluid (CSF) regions subsequent to warping the individ-
ual brain images to the same template. Each brain image
is smoothed to cope with the functional anatomical vari-
ability that is not compensated by spatial normalization
and to improve the signal-to-noise ratio, which increases
statistical power. Therefore, prospective voxel-by-voxel
analysis of gray matter concentration can be performed
[Ashburner and Friston, 2000]. This method can eliminate
the effect of size differences in brains and allow for pro-
spective statistical analysis of the differences in gray mat-
ter loss in a voxel-by-voxel comparison. We should note
that, although VBM is quite a effective in identifying small
structures, different results between ROIs analyses and
VBM in a few structures, such as the insula cortex and the
thalamus, have been reported [Good et al., 2001b; Tisser-
and et al.,, 2004]. The reasons for these inconsistencies
remain unclear. One possible reason may be registration
error in structures surrounding the sulcus or ventricles in
VBM processing [Bookstein, 2001].

There have been a few VBM studies with regard to gen-
der differences. A large study that examined 465 normal
human brains reported that females had significantly
increased gray matter concentration, which is relatively
symmetrical in the cortical mantle, parahippocampal
gyrus, and in the banks of the cingulate and calcarine
sulci. Males had increased gray matter volume bilaterally
in the mesial temporal lobes, in the entorhinal and perirhi-
nal cortex, and in the anterior lobes of the cerebellum, but
no regions of increased gray matter concentration [Good
et al., 2001a]. Results from analyses of the parahippocam-
pal gyrus [Filipek et al., 1994; Murphy et al., 1996] and cin-
gulate gyrus [Brun et al., 2009; Paus et al., 1996] were
consistent with some previous ROI analyses. However, the

gender differences in these studies were compared while
regarding all the generations as one group, which means
that younger females and older females were classified
into the same group. We propose that the synchronicity
between brain alterations and hormonal changes with
aging should be taken into account. Estrogen use is associ-
ated with greater cerebellar and cerebral gray matter vol-
ume in postmenopausal women [Boccardi et al., 2006].
Occipital lobe volume was negatively correlated with
higher estradiol and estrone concentrations [Lessov-
Schlaggar et al., 2005]. They also demonstrated a positive
correlation between testosterone concentrations and total
brain volume. Therefore, it is reasonable to infer that gen-
der differences in brain volume may differ before and af-
ter menopause owing to changes in the hormonal status.
Moreover, aging results in regional alterations in the corti-
cal gray matter [Allen et al., 2005; Good et al., 2001b; Tis-
serand et al.,, 2004]. We believe that studies exploring
gender differences would be enhanced if gender groups
were age-matched.

ROI-based studies have explored the gender differences
by classifying subjects into old and young age groups
[Murphy et al., 1996; Xu et al.,, 2000]. Two VBM studies
have examined age-matched comparisons. One of the
VBM studies carried out a strict age-matched gender
comparison in 441 healthy subjects (aged 44-48 years)
and found that males have more gray matter volume in
the midbrain, left inferior temporal gyrus, right occipital
lingual gyrus, right middle temporal gyrus, and in both
cerebellar hemispheres, while females showed greater
volume in the cingulate cortices and right inferior parie-
tal lobule [Chen et al., 2007]. The other VBM gender
comparison study, using a larger age range (5895 years)
failed to detect any gender differences [Smith et al.,
2006]. However, no VBM study has yet examined gender
differences within different age groups. In this study, we
examined 227 right-handed normal adults to complement
two previous ROI analyses of similar design. First, re-
gional brain alterations with aging were examined in
each gender. Second, voxel-by-voxel comparisons were
made between males and females in two groups: an
older age group (over 50 years) and a younger age group
(under 50 years).

SUBJECTS AND METHODS
Subjects

Our institutional ethical committee approved this study,
and the informed consent was obtained from each subject
after explanation of the purpose and procedure of the
study. The recruitment of 227 healthy, right-handed sub-
jects (111 male and 116 female) took place at our institu-
tion. The subjects displayed no clinical evidence of
cognitive deficits or neurological disease and were not
receiving any short- or long-term drug therapies at the
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TABLE I. Age distribution of subjects

Age group Female (y) (mean + SD) Male (y) (mean =+ SD)
20-29 25.0 £ 24 (n =15) 243 +£ 1.8 (n = 28)
30-39 329 + 28 (n=11) 34.0 + 3.0 (n = 22)
40-49 46.0 + 2.4 (n = 9) 45.8 + 3.0 (1n = 6)
50-59 55.9 + 2.1 (n = 27) 56.0 + 2.6 (11 = 8)
60-69 64.8 £ 28 (n =29) 64.8 + 3.0 (n = 34)
70-79 73.6 £ 3.1 (n = 21) 720 £ 2.1 (n = 8)
>80 843 + 2.7 (n = 4) 864 + 62 (n =5)
<50 32.9 + 8.8 (n = 35) 304 + 7.4 (n = 56)
>50 65.1 + 8.5 (n = 81) 66.5 + 8.3 (n = 55)
All 554 + 17.1 (n = 116) 483 £ 20.0 (n = 111)

time of the imaging examinations. The subjects presented
no abnormal findings on MR images, disregarding age-
related atrophy and white matter changes on T2-weighted
images. We divided the subjects into subgroups by gender
and age, as shown in Table L

MR Imaging Procedures

The MR imager was a 1.5-T Signa Horizon (GE Medical
Systems, Milwaukee, WI). Sagittal, coronal, and axial T1-
weighted spin-echo (SE) images (550/15/2 [TR/TE/NEX],
5-mm thickness, 2.5-mm gap) and axial T2-weighted fast
SE images (3,000/21, 105/2) were obtained for abnormality
detection. Coronal 3D spoiled gradient-echo (SPGR) imag-
ing (14/3/2, 20° flip angle, 220-mm field of view, 256 x
256 matrix, 124 x 1.5 mm contiguous sections) was per-
formed for VBM analysis.

Data Analysis

SPM 8 software (Wellcome Department of Cognitive
Neurology, London, United Kingdom) was used for the
statistical analyses. Calculations and image matrix manip-

ulations were performed in MATLAB 2006a (MathWorks
Inc., Natick, MA). For VBM analysis with SPM 8, all coro-
nal SPGR MR imaging data sets were reconstructed to
axial data sets and then converted to ANALYZE format.
Using a cluster analysis technique, each subject’s image
was anatomically segmented. This process partitioned the
images into gray matter, white matter, and CSF by using a
modified mixture model cluster analysis technique with
correction for nonuniform image intensity. Anatomic nor-
malization and statistical processing were also performed
with SPM 8 software. All individual MR images were
transformed into a standard stereotactic anatomic space,
and the image sets were smoothed with an isotropic Gaus-
sian filter (12 mm full-width at half-maximum). Propor-
tional scaling was used to normalize the individual global
gray matter densities.

Correlations between aging and gray matter loss within
age groups were examined in both males and females.
Voxel-by-voxel comparisons were made between males
and females in the two groups: an older age group (over
50 years) and a younger age group (under 50 years).

At the significance level of P < 0.001, uncorrected, the
gray matter concentration of almost the entire cortex was
significantly negatively correlated with age. Therefore,
data were considered significant if the voxels passed a cor-
rected significance threshold of P < 0.01 for correlation
with age and P < 0.001, uncorrected for gender difference.

RESULTS
Global Effect in Aging

The bilateral insula, thalamus, cingulate, and medial
frontal and occipital gray matter concentrations showed a
significant negative correlation with age in both female
and male groups (P < 0.01, corrected) (Table II, Fig. 1). It
appeared that the gray matter in the occipital regions,
such as regions for visual association, had a greater

TABLE Il. Negative correlation with age

Talairach coordinates

Brain region Side x v z t-value
Female Insula R 41 —15 1 11.35
Fusiform gyrus L —42 -38 -30 10.20
Insula L —40 -19 7 10.20
Thalamus R 0 —4 6 9.61
Middle frontal gyrus R 1 68 0 8.39
Parieto-occipital lobe L —6 —74 31 5.63
Parieto-occipital lobe R 2 -76 41 5.52
Male Thalamus R 8 -5 14 11.88
Insula R 44 —10 -3 11.74
Insula L —42 —4 -3 11.72
Occipital lobe L -29 —104 —4 9.38
Inferior temporal gyrus L —64 -30 —18 7.61
Medial frontal lobe L -2 0 70 6.99
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(a) Female

(b) Male

Figure 1.

Negative correlation with aging. Statistical parametric maps
show the area where the gray matter concentration was nega-
tively correlated with aging in females (a) and males (b) (P <
0.0l, uncorrected). The bilateral insula, thalamus, cingulate,
medial frontal, and medial occipital gray matter densities showed
a significant negative correlation with aging in both female and

negative correlation in females than in males, and the
medial frontal region showed greater negative correlation
with age in males than in females. However, there was no
positive correlation between gray matter concentration and
age in either the male or the female groups.

Gender Differences in the Older Age Group

Females had higher gray matter concentration in the
bilateral inferior frontal gyrus, anterior cingulate gyrus,
thalamus, and the bilateral hypothalamus (P < 0.001,
uncorrected) (Table III, Fig. 2a) than males. Males had
higher gray matter concentration in the bilateral occipital
regions, fusiform gyrus, left parieto-occipital lobe, cerebel-
lum, and temporal lobe (P < 0.001, uncorrected) (Table III,
Fig. 2b).

Gender Differences in the Younger Age Group

Females had a higher gray matter concentration in the
right callosomarginalis, left frontal lobe, and inferior occi-
pital gyrus (P < 0.001, uncorrected) (Table III, Fig. 3a).

male groups. FG, fusiform gyrus; IS, insula gyrus; ITG, inferior
temporal gyrus; MFG, middle frontal gyrus; MFL, medial frontal
lobe; OL, occipital lobe; PO, parieto-occipital lobe; TH, thala-
mus. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Males had higher gray matter concentration in the bilateral
midbrain. (P < 0.001, uncorrected) (Table III, Fig. 3b).

DISCUSSION

This study revealed that the regions where gray matter
concentration was negatively correlated with age were
widely distributed within the cortex, notably in the bilat-
eral insula, thalamus, and medial frontal lobe. These find-
ings are consistent with the results of previous VBM
studies investigating the effects of aging on gray matter
[Good et al., 2001b; Sato et al., 2003]. It appeared that gray
matter concentration in the occipital regions, such as in
the visual association areas, had greater negative correla-
tion with age in females than in males, while the medial
frontal region showed greater negative correlation with
age in males than in females.

Gender differences in cortical gray matter concentration
were apparent in the comparison between the older age
group, although a few regions exhibiting gender differen-
ces were detected in the younger age group. In the younger
age group, we found that females had greater gray matter
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TABLE Ill. Gender differences in gray matter concentration

Talairach coordinates

Brain region Side X y z t-value
Older age Females > males Inferior frontal gyrus R 59 30 15 5.67
Thalamus R 2 —11 6 5.54
Inferior frontal gyrus L —44 42 -12 5.47
Anterior cingulate gyrus R 6 27 30 5.42
Thalamus L -2 —15 5 5.02
Anterior cingulate gyrus L —4 25 36 4.88
Hypothalamus R 2 -7 -18 4.80
Hypothalamus L -2 -5 —15 4.29
Males > females Occipital lobe L -36 =79 15 5.56
Cerebellum L -32 -78 —38 4.56
Parieto-occipital lobe L -20 —74 37 4.46
Temporal lobe L -36 -5 -18 4.25
Occipital lobe R 26 -92 -6 4.04
Fusiform gyrus R 30 —74 -10 4.01
Fusiform gyrus L =32 —51 -13 3.66
Younger age Females > males Callosomarginalis R 16 -31 42 450
Orbitofrontal gyrus L -8 32 —18 4.23
Inferior occipital gyrus L -52 =77 -28 4.20
Males > female Midbrain L -14 —14 —6 441

concentration in the callosomarginalis, orbitofrontal gyrus,
and inferior occipital gyrus, though these results are not
consistent with previous studies. The males exhibited sig-

(a) Female > Male

nificantly higher gray matter concentration in the midbrain.
A greater concentration in the midbrain was also detected
in another, larger comparison of 44-48-year-old normal

(b) Male > Female

Figure 2.

Gender differences in the older group. (a) Statistical parametric
maps comparing the gray matter volume between females and
males in the older age group (P < 0.001, uncorrected). Gray
matter concentrations in the bilateral inferior frontal gyrus, an-
terior cingulate gyrus, thalamus, and the bilateral hypothalamus
regions are highlighted. (b) Gray matter concentrations in the

bilateral occipital regions, fusiform gyrus, left parieto-occipital
lobe, and temporal lobe are highlighted. ACC, anterior cingulate
gyrus; FG, fusiform gyrus; HT, hypothalamus; IFG, inferior frontal
gyrus; OL, occipital lobe; PO, parieto-occipital lobe; TH,
thalamus.
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(a) Female > Male

(b) Male > Female

Figure 3.

Gender differences in the younger group. (a) Statistical paramet-
ric maps comparing gray matter volume between females and
males in the younger age group (P < 0.001, uncorrected). Gray
matter concentrations in the right callosomarginalis, left frontal
lobe, and inferior occipital gyrus are highlighted. (b) Gray matter

subjects [Chen et al., 2007]. However, we did not find any
consistent tendency in gender differences within each dec-
ade in the under 50-year-old group (data not shown).

In the gender comparison in subjects over 50-years of
age, females displayed more gray matter concentration in
the bilateral inferior frontal cortex, anterior cingulate gyrus,
hypothalamus, and medial thalamus. The gray matter con-
centrations in the inferior frontal cortex [Luders et al.,
2004], thalamus [Murphy et al., 1996; Xu et al., 2000], and
anterior cingulate gyrus [Brun et al., 2009; Chen et al,,
2007; Good et al., 2001a; Paus et al., 1996] obtained in this
study are consistent with previous studies. Brun et al.
[2009] detected gender-specific differences in the anterior
cingulate gyrus in the case of young subjects. It is difficult
to provide a complete explanation in this regard. A differ-
ent rendering approach and a relatively small number of
young subjects in this study might have led to the differen-
ces in our and previous findings. A deformation-based
morphometry study suggested that males have an occipital
pole that protrudes to a greater extent, whereas women
have more prominent frontal poles [Ashburner et al., 1998].

In general terms, this study revealed that gender differ-
ences were prominent in subjects over 50-years of age and
that the differences were seen mainly in the frontal struc-
tures. This may result from gender effects on structural
alterations with aging. In one ROI study comparing older
and younger age groups, the rate of reduction of cortex

concentrations in the bilateral midbrain are highlighted. CM, cal-
losomarginalis; OFG, orbitofrontal gyrus; IOG, inferior occipital
gyrus; MB, midbrain. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

from younger to older age in the right frontal lobe was
significantly higher in males [Xu et al., 2000].

Frontal predominance in females has been shown in
other contexts. Cowell et al. [1994] reported that frontal
and temporal lobe decreases were seen in men only. Fur-
thermore, Jill et al. found that the frontal lobe increase was
significantly larger in females than in males, which is ho-
mologous with changes identified in animal studies show-
ing a greater level of estrogen receptors [Goldstein et al.,
2001]. Therefore, one possible explanation is that the dif-
ference in estrogen levels between males and females
affects these regions functionally and structurally, as seen
in the frontal cortex of the brain. An MRI study also sup-
ports our results; females showed greater activation than
males in the dorsolateral prefrontal cortex, whereas males
showed higher activity in the precuneus in the Tower of
London task [Boghi et al., 2006].

Abnormalities have been shown in the anterior cingulate
and thalamus of autistic patients [Haznedar et al., 2006;
Tsatsanis et al., 2003; Waiter et al.,, 2004]. Although the
cause of autism is still unknown, it is typically described
as an exaggeration of the male brain. Our data suggests
that frontal gray matter dominance is present in females.

The present study also demonstrated that the hypothala-
mus was larger in older females. There have been some
conflicting results concerning gender differences in the
hypothalamus. Previous ROI analyses found that males
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had a larger volume in the hypothalamus [Allen et al.,
1989; Swaab and Fliers, 1985]. However, a PET study sug-
gested that glucose metabolism in the hypothalamus was
significantly higher in females than in males [Kawachi
et al., 2002]. One potential factor is alteration of the hypo-
thalamus with aging. A postmortem study documented
that major cell reduction in the sexually dimorphic nucleus
of the preoptic area [Gorski et al., 1978] was observed
between the ages of 50 and 60 years, whereas cell death
was seen at the age of 70 years and over in females
[Swaab et al., 2001]. In this study, a significant decrease in
gray matter concentration in males compared with females
was found only in comparisons of subjects over 50 years
of age. Differences in the cell loss of the hypothalamus
with aging might explain our results.

This study demonstrated that in males, gray matter con-
centration in posterior parts of the cortex, including the
occipital lobes, parieto-occipital cortex, and fusiform gyrus,
was greater than that in females in the same regions. An
earlier ROI study [Xu et al., 2000] and a more recent study
using tensor-based morphometry [Brun et al., 2009] are in
agreement with our findings. Interestingly, the latter study
found greater occipital gray matter volume in the left side
of the brain; this laterality is consistent with the present
study. The widespread leftward asymmetry in males brain
has also been documented in a previous study [Gur et al.,
1999]. Good et al. [2001a] found leftward asymmetry in
the posterior temporal regions. This asymmetry might
cause the greater gray matter concentration observed in
the leftward dominant occipital cortex in males. However,
we should note that gray matter volume asymmetry across
the cortex has not yet been established.

With regard to sex hormones, Lessov-Schlaggar et al.
[2005] demonstrated by measuring brain morphology in
280 aged male twins that the volume of the occipital lobe
was associated with sex hormones, indicating a significant
negative correlation between higher estradiol and estrone
concentrations and occipital lobe volumes and a positive
correlation between testosterone concentration and total
brain volumes.

Other studies using various modalities have shown
male dominance in visuo-spatial function in relation to the
parieto-occipital lobe. Boghi et al. [2006] reported that
males showed higher activity in the precuneus on the
Tower of London task; they concluded that males rely
more on visuo-spatial abilities, whereas females rely more
on executive processing. Levin et al. [1998] examined gen-
der differences in response to photic stimulation and
found that the primary visual cortex was more activated
in males than in females. Two animal studies may explain
possible mechanisms by which sex hormones functionally
and structurally affect the occipital lobe in males. In one
study, androgens were shown to reduce cell death in the
developing rat visual cortex [Nunez et al., 2000]. In
another study [Nunez et al., 2003], it was revealed that the
level of androgen receptor (AR) expression was specific to
the cortical region, with a higher androgen immunoreac-

tive cell density and more AR mRNA in the occipital lobe
than in the cingulate cortex and frontal lobe. This study
also indicated that males had a higher AR immunoreactive
cell density and more AR mRNA in the occipital lobe than
did females. However, in humans, occipital dominance in
males has not been sufficiently determined in previous
studies compared with frontal dominance in females.
These results need to be replicated in future studies.

In this study, gender differences were most prominent
in the over 50-year-old groups. Although our results pri-
marily emphasized the morphometric gender differences
in the older groups, functional gender differences in ado-
lescence have also been reported in a number of studies
[Kimura, 2002; Peters et al., 2007]. Estrogen concentrations
reach a peak at adolescence and are reduced by the time of
menopause. Our data suggest that hormonal effects occur
after the reduction of estrogen concentration. The estrogen
concentration during mid-life may affect the reduction of
gray matter in older age, but this hypothesis requires fur-
ther hormonal evidence. In this study, we were not able to
collect the necessary information regarding menopausal
state and sex hormone concentrations required to examine
the correlation between sex hormones and gray matter con-
centration. Our findings, therefore, may be influenced by
menopausal state as well as by aging. In these respects,
further studies are needed to confirm our results.

Limitations of this study arise from the VBM methodo-
logical approach. The major problem is the registration
error of the atrophied brain to the standard template brain
in SPM [Bookstein, 2001]. This effect is seen mainly in the
area close to the ventricles, such as the insula cortex and the
thalamus and is caused by the expansion of the CSF regions
accompanying aging [Allen et al., 2005]. It should be noted
that some of the regions detected in this study are very
close to the ventricles, as can be seen in the Figures. How-
ever, this study suggests that, if errors actually occurred in
the significantly detected regions, there would be gender
differences in the errors related to the detected regions.

Further, we were not able to eliminate the effects of
brain size, because our study included subjects belonging
to a wide range of age groups. It was difficult to eliminate
the effects of aging on the decrease in the concentration of
gray matter and of the brain size on the regional gray-mat-
ter concentration. Studies involving comparisons between
a large number of subjects belonging to the same age
group are necessary to complement our results.

In addition, the number of middle-aged subjects was rel-
atively small. This could weaken the statistical power of
the gender comparisons in this age group. Larger numbers
of subjects in this age group will be needed for additional
studies in the future.

CONCLUSION

This study showed a consistent gender difference in
older groups of subjects. Gray matter concentration in the
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frontal regions was retained more in aged females,
whereas gray matter concentration in the occipital regions
was retained, to a greater extent, in aged males. Our find-
ings are consistent with biologically established gender
differences and suggest the possibility of connecting mor-
phometric studies with biological studies.
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