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Human intracortical structure differs between 
sexes and is modulated by the menstrual cycle

Methods

Introduction

Discussion & Outlook

While the field moves towards considering and
explaining sex hormones as a shaping factor for
female brains, few studies focus on interactions
between male brain structure and male sex
hormones. This lacuna needs to be targeted for a
complete, systematic picture of brain areas
sensitive to sex hormone modulation.

• We observed the biggest sex differences in intracortical structure
in koniocortical and agranular areas, generally thought to
represent primary sensory and higher-order processes

• We will follow-up our analysis with transcriptomic analyses (Liu et
al., 2020) and with analysis of post-mortem derived histological
samples (e.g. BigBrain, Amunts et al., 2013), to further understand
the relevance of cytoarchitectural variation in sex differences.

• The menstrual cycle effects didn’t survive FDR correction. For
more precise measures, we will follow-up the analysis with a 7T
longitudinal dataset (6 timepoints, hormonal measures, n=27).

• Note that while sex hormones modulate brain structure within
hours to days (Patel et al., 2013, Arevalo et al., 2010), sex
hormones also influence fluids (Teasdale et al., 1988). We tried
to amiliorate these effects by controlling for CSF.
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Principal Gradient female > male
Correlation between t-vals and cytoarchitectural variation level:

r = .16, p < 0.01

Mean T1wT2w female > male 
Correlation between t-vals and cytoarchitectural variation level:

r = .08 (n.s., p = 0.1142)

Skewness female > male
Correlation between t-vals and cytoarchitectural variation level:

r = .29, p < 0.01
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Estrogen Progesterone Sex hormones 
induce short-term 
structural changes 
in female brains 
during the 
menstrual cycle.

Sex hormones 
induce long-
term structural 
changes in 
male and 
female brains.

T1w/T2w from 
HCP Young 
Adult S1200

A priori defined cortical types define 
levels of cytoarchitectural variation

Kon
ioc

ort
ex

Eula
mina

te 
III

Eula
mina

te 
II

Eula
mina

te 
I

Agra
nu

lar

Dys
gra

nu
lar

C
or

tic
al

 la
ye

rs

n = 992
(n = 529 females)

n = 231

In
tra

co
rti

ca
l d

ep
th

Intensity sampled 
at 12 points across 
intracortical depth

3 
m

ea
su

re
s 

of
 in

tra
co

rti
ca

l 
st

ru
ct

ur
e

We use T1w/T2w (MRI) as a proxy for intracortical structure, to assess how sex hormones may induce microstructural plasticity on the short-
and long-term. We will assess this in reference to cortical types, that reflect levels of cytoarchitectural variations within intracortical structure. 

t- values
FDRq < 0.05

?

The intracortical structure of male and female 
brains differs.
These differences correlate with cytoarchitectural variation levels in the cortex. 

Sex differences
The intracortical structure changes during the 
female menstrual cycle.
These effects are observed (in trends) in response to in-cycle progesterone 
concentration levels, and differ between follicular and luteal phases.

Menstrual cycle fluctuations

Sex differences Menstrual cycle fluctuations

t-values for sex-differences clustered by cortical type
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+   p<0.1
*   p<0.05

t = 0

Principal Gradient: t-values by cortical 
type per contrast 

n = 40

n = 25

Estimation of cycle phases and sex 
hormone concentration as days after 
menstruation and using average 
hormone values; n of subjects

n = 10

García-Cabezas et al., 2020 
Von Economo and Koskinas, 1925 Paquola et al., 2019 
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Mean T1wT2w: t-values by cortical type per 
contrast
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