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Neuroimaging sex differences in gray and white matter structure
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Introduction GM volume enlargement in females was noted in a number of small clusters restricted to
Men have an approximately 9-12% larger brain volume, but imaging studies on sex cortical areas (Fig. 2), with largest statistical significance in left insula, and cingulate
differences in brain structures have reported inconsistent results (e.g. the corpus regions. The left insula finding was not replicated in the matched sample.

callosum larger in females: Lacoste-Utamsing, 1982, larger in males: Sullivan, 2001, or
of similar size: Bishop, 1997. This might be due suboptimal matching for e.g. age, or
family background. In addition, previous studies generally focussed on a single

GM volume females > GM volume males

structural measure. We investigated sex differences in regional gray matter volume, g

white matter volume and white matter directionality in 87 matched male-female g

pairs. — -
= :

Methods

Participants (Table 1, top): -

42 Dizygotic Opposite Sex (DOS) twin pairs and 45 carefully matched male-female pairs _ch o
S e

Neuroimaging data : ©

Structural T1-weighted sMRI and DTI. =

Data Analysis :

Sex differences in regional gray and white matter volume were assessed by Voxel Based %4} 2

Morphometry (VBM-SPM8: Wellcome Dept of Imaging Neuroscience, London, UK). 8 4

Sex differences in white matter directionality were assessed by comparing fractional
anisotropy (FA) using tract-based spatial statistics (TBSS: FSL software package, FMRIB,
Oxford, UK).

Fig. 2: color bar indicates t-values
Regional WM volume (VBM corrected for TIV and age):
We found no significant sex differences for regional WM volume.

DTI-FA (TBSS corrected for age):

Statistics :
Paired sample t-tests between males and females (p < 0.05, FDR corrected)

Tabie 1 matched pairs DOS pairs Across all pairs and separately in the matched and DOS samples we found significantly
males (n=45) __females (n=45)  df tvaue pvalue  males(n=45)  females(n=45) df tvae pvaue |grger FA values in males, for most fiber bundles (Fig. 3). Largest cluster significance was

Demography . . . . - S

Age 31876 2075 a4 072 46 2994105 2094105 evident for the right and left anterior thalamic radiations. We found no significant FA

Educational aainment 13.3/26.7/60.0 8913560556 2 105 592 24/3100667  7U3L0619 2 107 584 enlargements for females.

(% lowimiddlelhigh)

Global brain measures FAmales > FA females

Gray Matter 749.4 +50.4 666.3 +56.4 44 862 <.001 761.2+68.9 661.0 +48.2 41 11.63 <.001

White Matter 533.1+£42.0 473.3+446 44 7.85 <.001 532.6 £+50.0 466.5+39.5 41 12.00 <.001
Total Intracranial Volume 15442 +110.9 13650+ 1173 44 882 <.001 1557.1+1327 13554+101.0 41 12.67 <.001
Mean Fractional Anisotropy 1297 £, 012 292+ .011 44 2.96 005 289 £ .010 287 .008 41 112 269

All pairs

Results

Global brain measures (Table 1, bottom):

In both samples, total gray, white matter and intracranial volume were larger in males.
Mean FA was also enlarged in males in the matched sample, but not the DOS sample.

Regional GM volume (VBM corrected for TIV and age):
Across all pairs and separately in the matched and DOS samples we found enlarged
volumes in men for hypothalamus, putamen/globus pallidus and rostral midbrain (Fig 1).

Matched

GM volume males > GM volume females

DOS

Fig. 3: color bar
indicates 1-p values

Conclusions

Men have larger GM volumes and higher FA in, or surrounding, subcortical structures.
These are involved in the control of sexual and reproductive function (hypothalamus: Bao,
2010) and the programming and control of movement (putamen, globus pallidus,
thalamus: Giedd, 1997; Peper, 2009) and have been associated with neuropsychiatric
disorders more prevalent in males (tic disorders, schizophrenia: Shenton, 2001; Singer,
2003).

Women had larger gray matter volumes in brain regions involved in emotion and
interoceptive awareness (insula, anterior cingulate: Sowell, 2007; Lv, 2010 ) and
associated with neuropsychiatric disorders that have a higher prevalence in females
(depression, anxiety disorders).

Sex differences provide a rich source of information for understanding behavioral
differences between males and females and should always be considered in studies on the
neurobiology of neuropsychiatric disorders that differ in prevalence or symptoms
between the sexes.

Matched All pairs

DOS

Fig. 1: color bar indicates t-values
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