
Table 1. Comparison of the total intracranial volumes in nonpostmenopausal and
postmenopausal women 

Fig. 1. Comparison of the independent two sample t-test (A) and ANCOVA for
controlling aging (B) (FWE corrected at P<0.05). Note that significant maps show
the brain volume reductions in postmenopausal women. 

Fig. 2 (Right). 
Comparison of the 
two sample t-test 
and ANCOVA for 
controlling aging. 
The dashed line 
indicates threshold t-
value for significant 
maps (FWE at P<0.05,
t-value= 5.96) 
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Synopsis: During the past two decades, several studies in females of animal models and human have been performed to unveil the reproductive 
system changes and the complex interactions with the ovaries. However, morphologic variations in the central nerve system following 
menopause have not yet been studied. Therefore, this study utilized voxel-based morphormetry (VBM) to evaluate the age-related changes and 
the effects of menopause on the brain volumes in postmenopausal women. 
Subjects and Methods: A total of 48 right-handed subjects consisting of 24 nonpostmenopausal (mean age: 39.8±8.1) and 24 postmenopausal 
women (mean age: 55.5±2.5) took part in this study. All the subjects have no history of neurological and psychiatric illness. Menopause was 
defined as continuous amenorrhea for more than 12 months and follicle-stimulating hormone (FSH) level more than 30 mIU/mL. 

The subjects underwent on MRI at a 3 Tesla (Siemens Tim Trio) with a transmit/receive birdcage head coil. Brain images were acquired using 
a 3-dimensional phase sensitive inversion recovery Turbo FLASH with the following parameters: TR/TI/TE=1700/900/2.2 ms; flip angle=9°; 
FOV=256×256 mm2; matrix size=256×256; voxel size=1×1×1 mm3. MR image data were processed by using SPM8 software with 
diffeomorphic anatomical registration through exponentiated Lie algebra(DARTEL) algorithm. Analyses were performed on gray matter(GM) 
segments; were multiplied by the non-linear components derived from the normalization matrix(modulated GM volumes); and then, smoothed 
with a Gaussian kernel of 6 mm full width at half maximum. 

The total intracranial volume was measured by using ‘spm_calc_ticv.m’ function from segmented GM, WM and CSF images in each woman. 
The variation of brain volume between nonpostmenopausal and postmenopausal women was analyzed with independent two sample t-test and 
analysis of covariation (ANCOVA) with controlling ages. Significance threshold was set at P=0.05, corrected by family wise error (FWE) for 
multiple comparison. 
Results and Discussion: Table 1 compared the total intracranial 
volumes(mL) of each tissue in nonpostmenopausal and 
postmenopausal women. The volumes in postmenopausal women 
averagely decreased GM 9.5 mL and WM 2.9 mL, whereas increased 
CSF 12.8 mL and total volume 0.4 mL. 

Figure 1 shows the significant volume changes with the 
independent two sample t-test and ANCOVA for controlling aging 
(FWE, P<0.05) and the brain areas summarized in Table 2. 
Postmenopausal women show the prominent reduction in brain 
structures, however there was no increased brain volume. 
Table 2. Volume reduced areas in postmenopausal women 

Figure 2 shows the comparison of two sample t-test and ANCOVA for controlling 
aging. In the postmenopausal women, the GM volume reductions are closely related 
with the deterioration of the brain functions including memory (hippocampus/ 
parahippocampal gyrus), emotional (amygdala/ body of caudate nucleus/ insula/ anterior 
cingulate gyrus), audio-visual (lingual gyrus/ Heschl’s gyrus/ Rolandic operculum), and 
cognitive (orbitofrontal gyrus/ Inferior frontal gyrus) function. These regions are 
sensitive to brain aging because of the volume changes are correlated with aging and the statistical significance disappeared by ANCOVA for 
controlling the aging factor (Fig. 1B). Therefore, the atrophies in the regions of the globus pallidus, gyrus rectus, hypothalamus, fusiform gyrus 
and superior temporal gyrus are more important to the brain volume changes following menopause. It should be noticed the atrophy of the 
hypothalamus because the area controls the hypophysis and is involved in the secretion of sex hormones. 
Conclusions: With the help of SPM8-VBM with DARTEL, this study finds out the regional gray matter atrophies in postmenopausal women. 
Therefore, these findings would be helpful for an understanding of an interaction of brain morphological changes related with aging and 
menopause. 
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                                        T iss ue s

  G ro ups

G M  ( C V †, % ) W M  ( C V †) C S F  (C V †) T ot a l v o lu m e (C V †)

N onp ostm eno p ausa l  w o m en  (n=  24 , A ) 6 4 2 .9 ± 36 .9  (5 .6 ) 4 85 .4 ± 32 .9  (6 .6 ) 3 19 .1± 2 2 .1  (6 .6 )      1 44 7 .4 ±   8 4 .6  (5 .7 )

P os tm en op ausa l  w o m en  (n =  2 4 , B) 6 3 3 .4 ± 44 .1  (7 .0 ) 4 82 .5 ± 41 .1  (8 .5 ) 3 31 .9± 3 2 .1  (9 .7 )      1 44 7 .8 ± 10 6 .5  (7 .4 )

G ro up  m ean  d i ffe r en ce  (A  - B ) 9 .5 2 .9 -1 2 .8 -0 .4

P - v a lue ‡ 0 .423 0 .7 89 0 .11 4 0 .98 8

*  T h e vo lum e w as  m eas ure d by  u si ng 's p m _c al c_ tic v.m ' fun cti on from  s e gm e nte d in divi dua l da ta  o n SP M 8 .

†  T he  p erc en ta ge in dic a tes  the  co eff ic ie nt of  va ria tion  (  C V  = [SD  / vo lum e  m e an ] ×  1 00).

‡  T he  d iffere nc e  b etw e en  n on postm en opa us a l an d po stm en op au sa l w o m e n w a s  a na lyz ed  w it h ind ep en dent tw o sa m p le  t - tes t.

T otal  in tr acr an ia l vol um es (m L ) *
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x y z B ot h  si d e R t s ide L t s ide

H ypo tha la m us H y 9 .4 9 2 3 -6 7 1 93 90 103

B od y of ca ud at e nu cle us B C d 9 .3 9 18 -22 2 1 -7 5 1 68 1 47 21

A m yg dal a A m g 8 .8 3 -17 1 -1 0 1 7 3 98 1 66 232

S u pe r ior  te m po ral  g yrus S T G 8 .2 7 -36 15 -2 6 5 0 6 80 1 71 509

G lob us  pa llid us G P 8 .1 5 -14 7 -5 3 1 3 19 1 10 209

Ins ul a In s 7 .9 6 -39 -18 0 9 1 7 84 36 748

P a ra hip poc am pa l gyrus P H G 7 .8 4 21 -22 -2 0 1 4 14 2 04 210

O rbit ofron tal  g yrus O FG 7 .5 8 40 21 -1 8 -8 5 2 36 2 18 18

L in gua l gyru s L iG 7 .3 1 5 -37 -3 -10 0 16 16 -

V e rm is V erm 7 .2 4 5 -40 -6 -7 5 32 28 4

G yrus  rec tu s G R e 7 .2 1 0 20 -1 8 4 1 1 01 30 71

H ipp oc am pus H i 6 .8 5 19 -20 -1 7 -8 2 34 31 3

S u pe r ior  f ron ta l g yrus S F G 6 .6 8 -2 57 3 10 0 16 - 16

H es c hl's  gy rus H e G 6 .6 8 -39 -19 5 9 5 41 1 40

A nte r io r c ing ula te  gy rus A C gG 6 .5 8 -2 33 -4 4 4 1 40 39 101

R ol an dic  o pe rcu lum R oO 6 .5 6 -45 -10 8 -5 0 28 21 7

P o ns P O N S 6 .3 7 5 -9 -3 1 -10 0 16 16 -

Infe rior  f ron ta l g yrus IF G 6 .2 6 46 19 -1 2 -8 5 26 24 2

G lob us  pa llid us G P 7 .1 4 -17 1 4 10 0 83 - 83

G yrus  rec tu s G R e 6 .7 2 -2 22 -1 6 6 7 30 5 25

H ypo tha la m us H y 6 .2 8 -5 3 -7 10 0 3 - 3

F u siform  gy rus FuG 6 .1 0 -30 -13 -3 1 10 0 2 - 2

S u pe r ior  te m po ral  g yrus S T G 6 .0 7 30 13 -2 6 -8 6 14 13 1

B . A N C O V A  fo r  co n tr o ll in g  a g i n g

A . I n d epen d en t tw o  sa m ple  t -t e st

N o . of  S ig ni fi c a n t vo x el s
A n a to m ic a l  a re a A b br .
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