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Abstract
In this mini-review, I summarize and interpret the current status of sex/gender
differences in terms of brain anatomy, brain function, behavior, and cognition.
Based on this review and the reported findings, I conclude that most of these
sex/gender differences are not large enough to support the assumption of
sexual dimorphism in terms of brain anatomy, brain function, cognition, and
behavior. Instead, I suggest that many brain and cognitive features are
modulated by environment, culture, and practice (and several other influences).
These influences interact with the menstrual cycle, the general hormone level,
and current gender stereotypes in a way that has not yet been fully understood.
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Introduction
For centuries, humans have been fascinated by the idea of 
psychological gender differences, many believing that these  
differences are both large and biologically determined. In this 
context, it has been argued that such differences are determined 
by genetic and hormonal influences affecting brain anatomy 
or brain function or both. Often, it has been speculated  
that these biological differences are a consequence of sex-/gen-
der-specific evolutionary processes that ultimately determine 
sex-/gender-specific roles in human societies. This research 
has also been strongly influenced by animal research, where 
it is much easier than it is in humans to study genetic differ-
ences in terms of sex/gender, including at the molecular, hormo-
nal, and neurophysiological levels1,2. However, it is not a simple 
endeavor to transfer results and interpretations from animal  
research to explain human behavior and cognition, since 
there are still some substantial differences between humans 
and other animals. One major difference is that the brain of 
humans is different in many respects from the brain of most 
other animals, although the human brain comprises the same 
neurons as even simpler constructed animals. The human  
brain comprises the largest number of neurons compared with 
all other animals in absolute terms3. In addition, it is char-
acterized by extreme, and in the animal kingdom unprec-
edented, interconnectivity that provides the necessary basis for 
the computation and storage of information, which is neces-
sary for human learning and culture4. This huge neural network 
is also significantly plastic and can be shaped by individual  
experience and practice5–8.

With respect to understanding psychological gender differences, 
individual learning experiences, culture, gender stereotypes, 
gender equity, and biosocial interaction are of the utmost 
importance9. In addition, recent brain plasticity research  
provides evidence that gender brain differences might also 
be shaped by experience, education, and culture or a combi-
nation of these. Thus, these new insights into the influences  
on behavior, brain anatomy, and brain function shed new light 
on the often-reported gender differences. In this mini-review,  
I summarize and discuss these new findings and ideas.

In the scientific literature and the popular press, the terms sex 
and gender differences are often used interchangeably. How-
ever, they convey different meanings. The term sex is used 
mostly to group people into females and males on the basis of 
an individual’s reproductive system and of secondary sexual 
characteristics. Gender refers to the social roles based on the 
sex of the person or personal identification of a person’s own  
gender. Since it is not clear whether the brain and behavioral 
differences that I discuss in this mini-review are sex- or gender- 
based, I use the term sex/gender differences throughout the text.

Sex/gender differences versus sex/gender 
dimorphism
As McCarthy and Konkle2 and Joel and Fausto-Sterling10  
elegantly emphasize, there is an urgent need to carefully distin-
guish between the terms sexual dimorphism and sex differences. 
They argue that one should use the term sexual dimorphism  

only for those aspects of differences that come in two distinct 
forms. As an example, they suggest male and female genitalia 
or X and Y chromosomes that appear in just two forms (with 
some exceptions). With respect to sex/gender differences, it is 
obvious that even very large sex/gender brain and behavioral  
differences are not dimorphic since the reported features  
overlap too much when the feature distribution for males 
and females is considered. They also point out that true  
sexual dimorphism is extremely rare in the human brain (but 
also in terms of behavior and cognition). As examples, they  
mention the very large sex/gender differences for the interme-
diate nucleus (InM) of the hypothalamus, which is on average 
twice as large in males as it is in females. However, in about 
a third of the cases, males and females demonstrate InMs of the 
same size. Thus, terms such as “female brains” or “male brains”, 
which are frequently used in popular writing, should not be 
used since it is difficult or even impossible to identify typical  
and dimorphic features that justify a clear sex/gender classifi-
cation. However, Joel and Fausto-Sterling10 even argue that a  
particular brain might comprise one feature which is statistically 
more typical of females while another feature might be more 
typical for males. In this context, it could be possible that differ-
ent brain features are related in a kind of compensatory relation-
ship. To explain this, they report sex-environment interactions  
shown in animal research by referring to a study by Reich  
et al.11, which illustrates that three weeks of mild stress 
reversed a sex difference in the density of CB1 receptors in rats’  
dorsal hippocampi. Thus, an anatomical sex difference is reversed 
because of a particular environmental influence. An analogous 
finding has been reported in the context of aging research.  
Several studies have shown that prefrontal activity during  
cognitive performances tends to be less lateralized in older 
adults than in younger adults more or less independent of 
sex/gender (hemispheric asymmetry reduction in older adults 
[HAROLD] model)12. This age-related hemispheric asymmetry 
reduction is thought to have a compensatory function. This 
asymmetry reduction is of interest here, since an asymmetry  
reduction is often interpreted as a typical feature of a “female 
brain” thought to indicate advantageous “female” bilateral  
processing.

In order to make the distinction between sex differences and 
sexual dimorphism slightly clearer, it is useful to refer to 
the frequently used effect size measure proposed by Cohen  
(Cohen’s d)13. Cohen’s d reflects the normalized difference 
between the sexes with respect to a particular measure. This 
effect size assesses the magnitude of difference in two-group 
designs. For sex/gender differences, the formula is d = (MM 
− MF) / SW, where MM is the mean score for males, MF is the 
mean score for females, and SW is the within-group standard 
deviation. Thus, the d statistic represents the difference between 
two means normalized to the common standard deviation. The 
advantage of this effect size measure is that it is independent from  
sample size, applicable to different measures, and easily  
combinable across different studies.

Cohen13 suggests categorizing the obtained d values into small 
(0.20), moderate (0.50), and large (0.80) effects. Let us assume 
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that we examine the performance in a particular cognitive 
task in 100 men and 100 women, whereby we obtain different  
performance measures for all subjects which will distribute  
normally and separately for men and women. Thus, we obtain 
two overlapping distributions containing the performance values 
for men and women. Both distributions will have a mean,  
and the differences between both means can be expressed as 
the d statistic. In the event of normal distributions, we can  
calculate, on the basis of the d statistic, several further interesting 
statistics that help us to understand the meaning of the d value. 
With a d of 0.5 (which is approximately the average effect for a  
common sex difference in the mental rotation performance of 
3D objects, typically one of the most consistent and largest  
cognitive sex/gender differences; see “Cognition and emotion” 
section below), 69% of the men’s performance will be above  
the mean of the women’s performance (calculated on the 
basis of Cohen’s U3). In addition, 80% of the two groups 
will overlap, and there is a 64% chance that a man picked at  
random will have a higher score than a woman picked at random  
(probability of superiority). Now let us assume d = 1.4, which 
is roughly the typical d for sex/gender differences of total brain  
volume14 (in the large-scale study by Jäncke et al.15, the  
sex/gender difference is much smaller [d = 1.1]); here, there 
is an overlap for the male and female distributions of more 
than 48%. A total of 92% of the male group will be above 
the mean of the female group (Cohen’s U3), and there is an 
84% chance that a person picked at random from the male 
group will have a higher brain volume than a person picked at  
random from the female group (probability of superiority).

In summary, even in the case of a very large effect size of  
d = 1.4, it is difficult or even impossible to draw conclusions 
on single subjects, since too many men and women fall into the 
same range. Although this can be interpreted as a sex/gender 
difference, this large difference is not a typical sexually dimor-
phic trait. In the following sections of this mini-review,  
I describe typical sex/gender differences for brain and behav-
ioral measures and also discuss some environmental factors  
influencing or modulating (or both) these sex/gender differences.

Cognition and emotion
Since the beginning of scientific research into sex/gender  
differences with respect to cognition and emotion, many  
studies on these topics have been published. These results have 
been summarized in older and influential reviews which have 
concluded that sex/gender differences in verbal, spatial, and 
mathematical abilities would be well established, with males 
scoring higher on spatial and mathematical tests and females  
higher on verbal tests16,17. These studies have also inspired  
several popular books on sex/gender differences which are  
regularly bestsellers18–20. However, several meta-analyses of 
published and unpublished scientific work on these sex/gender  
differences paint a different picture, suggesting that males and  
females are much more similar in terms of cognitive abilities  
and emotions than previously anticipated9,21–23.

Comprehensive meta-analyses on sex/gender differences 
for many cognitive tasks and psychological tests have been  

undertaken by Janet S. Hyde. In her first large-scale meta-
analysis22, she analyzes sex/gender differences for 124  
psychological variables, comprising performance measures in 
mathematical, verbal, perceptual, and motor tasks. In addition, 
she reports effect sizes for measures related to personality, 
aggression, sexual behavior, leadership, social behavior, life 
satisfaction, moral reasoning, delay of gratification, cheating 
behavior, and job-related issues. The most important finding of  
her study is that 78% of the effect sizes are in the close-
to-zero range or small (0 < d > 0.35). Thus, for the major-
ity of the measured psychological variables, she identifies  
practically no, or only small, sex/gender differences.

The largest sex/gender differences are found for motor per-
formance, particularly for measures such as throwing velocity  
(d = 2.18) and throwing distance favoring men. Close-to-zero 
differences were found for mathematical and verbal abilities, 
both psychological domains for which strong sex/gender  
differences have been proposed and reported in single studies. 
Only for the mental rotation of 3D objects have substantial  
performance differences been identified, with men and boys  
outperforming women and girls (d = 0.51–0.73)24,25. A recent 
larger non-meta-analytical study comprising more than 1,000 
subjects identifies a d ranging between 0.72 and 0.91; how-
ever, it also shows the strong influence of academic background,  
educational level, and stereotyping26,27 (see below in this section). 
It must also be taken into account that sex/gender differences 
are probably overestimated simply because we can assume that 
many researchers recruit participants by asking them to take part 
in a study on sex/gender differences. This will lead to stereotypic  
priming of the participants.

An important aspect for this research is that sex/gender differ-
ences for at least two domains for which mostly sex/gender 
differences have been reported (for example, mathematical 
and verbal skills) are influenced by culture, education, and  
training. For example, a recent meta-analysis comprising 
data from 242 studies (!) conducted between 1990 and 200728  
containing data from 1.2 million (!) children and adults reveals 
no sex/gender differences in math performance with a d = 0.05, 
thus confirming previous meta-analyses. A similar picture 
emerges for verbal abilities, for which all meta-analyses reveal  
close-to-zero effect sizes for sex/gender differences.

Overall, these meta-analyses indicate that females have 
reached parity with males in math and verbal ability perform-
ance today, although there are variations in this pattern as a 
function of several factors, such as nation and culture. The  
influence of culture, education, gender equity, and gender 
stereotype on these abilities has become a major focus in this  
research area. Owing to the limited space in the context of 
this mini-review, I cannot review all work published so far.  
However, large international studies have uncovered substan-
tial cross-cultural variations in cognitive sex/gender differences, 
challenging the notion of universal male advantages in  
mathematics and female advantages in verbal abilities29,30. These  
findings have also been critically described in recent 
reviews9,21,23,30.
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The strongest cognitive sex difference which has been observed 
so far has been found for the mental rotation of 3D objects with 
moderate to large effect sizes (d = 0.51–0.73). These differences 
favoring males have mostly been identified controlling for  
educational and cultural background. However, several studies 
have shown that performance in mental rotation strongly 
depends on practicing spatial functions as well as on educational  
and cultural background26. For example, practicing mental 
rotation or spatial tasks increases the performance in mental  
rotation in males and females. In addition, students from  
engineering, mathematical, and science faculties consistently  
outperform students from arts faculties. Even priming academic  
background can implicitly prime gender-specific effects with 
negative consequences for women’s cognitive performance,  
particularly with respect to mental rotation27.

Cultural influences seem to have a strong effect on cognitive 
performance, especially in terms of mental rotation. This is  
demonstrated in an influential paper31 in which the authors 
examine spatial abilities (using a spatial puzzle) in nearly 
1,300 participants and show that the sex difference in spatial  
abilities disappears in participants from a matrilineal society 
but that the sex difference favoring males is still present in  
participants from a patrilineal society. They also demonstrate 
that large parts of this effect must be due to differences in  
education. The authors argue that these results indicate the role 
of nurture in inducing sex/gender differences in cognitive abili-
ties, since the participants experienced the used spatial task for 
the first time, both societies have the same means of subsistence,  
and they share the same genetic background.

Interactions between gender stereotypes and hormone levels are 
also possible. Only a few studies have investigated the com-
bined effects of sex hormones and gender stereotypes. An impor-
tant paper in this context has been published by Hausmann  
et al.32. They examined a relatively large sample of men and 
women using a battery of sex-sensitive cognitive tasks (mental 
rotation, verbal fluency, and perceptual speed) and controlled for 
levels of testosterone during testing. In addition, they activated 
gender stereotypes using questionnaires referring to the cogni-
tive tasks prior to the experiment. The control group received a 
questionnaire with gender-neutral content. The authors identi-
fied that the male superiority in mental rotation performance in 
the entire sample was driven mainly by the gender-stereotyped 
group. There was in fact no gender/sex difference in mental  
rotation for the control group. Another interesting finding was 
that testosterone levels in the gender-stereotyped group were 
60% higher than those of male controls. This study elegantly 
demonstrates that sex hormones strongly interact with gender  
stereotypes and at the end influence specific cognitive abilities.

Whereas older studies on sex/gender differences with respect 
to cognition have mostly neglected the influence of menstrual 
cycle on cognition, several studies published in the last 20 
years have clearly demonstrated the influence of menstrual 
cycle on cognition. A typical study design in this context is to 
examine cognitive performance time-locked to the follicular 
(low-progesterone) and luteal (high-progesterone) phases in  

women. With such designs, it has been shown that different 
progesterone and estradiol levels are substantially linked to  
attention, executive functions, spatial navigation, and functional 
asymmetries33–39.

A further more naturalistic study uncovers no differences 
between males and females in terms of a major verbal ability40. 
Using an audio recorder attached to the participants that recorded 
ambient sounds for several days, the researchers extrapolated 
the number of spoken words per day and conclude that women 
and men both spoke about 16,000 words per day. Thus, the 
often-mentioned argument that women speak more than  
men is challenged by this elegant scientific experiment.

With respect to emotions, empathy, moral judgment, and social 
behavior, measures of sex/gender differences are very small or 
even disappear when studying larger samples or using more 
objective measures than self-report ones. This has already 
been shown in the first comprehensive review by Hyde22.  
However, typical gender stereotypes such as that women are 
more empathetic, caring, emotional, sensitive, and moral than 
men are prevalent in our culture. Studies supporting these  
gender stereotypes have been obtained mostly through self-
report questionnaires41–43, which may be strongly biased by 
gender-relevant social expectations. Sex differences are often 
absent or very small in relevant experimental tasks using  
physiological measures44,45 and when studies are conducted using 
large samples46.

In conclusion, males and females are more similar in terms of 
cognitive functions and emotions than previously anticipated. 
Cultural background, education, gender equity, gender stere-
otypes, practice, and hormone levels have substantial influences 
on cognition and emotion. Thus, there is an increasing amount 
of scientific findings supporting the gender similarity hypothesis  
first proposed by Janet Hyde22.

Brain anatomical differences
It is often argued that sex hormones present during critical 
developmental periods (for example, in utero, shortly after 
birth, or during puberty) might induce permanent effects on 
brain organization and brain activation. The most famous 
hypothesis of this type is proposed by Geschwind, Behan, and  
Galaburda (the so-called Geschwind-Behan-Galaburda theory)47–49. 
They argue that both hemispheres mature differently  
because of differences in circulating testosterone levels. For 
example, increased testosterone levels during fetal development 
reduce the rate of left-hemispheric development and stimu-
late an increased growth of posterior right-hemispheric 
regions, ultimately resulting in an altered inter-hemispheric  
balance. Geschwind, Behan, and Galaburda suggested many 
additional consequences induced by different testosterone 
levels, which cannot be described here (for a summary, 
see 50). For the scope of this mini-review, it is important  
to note that they suggest very specific anatomical and func-
tional sex/gender differences. At that time, the methodology for 
studying sex-specific neuroanatomical and neurophysiological 
differences was not as advanced as it is today. Thus, most  
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studies of that time used non-invasive behavioral measures to 
examine this theory. Based on these data, Bryden et al.51 come 
to the conclusion that this theory is not well grounded and 
that “psychologists and physicians have more useful things 
to do than to carry out further assessments of the model”.  
However, others argue that it is too early to dismiss this  
theory only on the basis of behavioral data and that more careful  
neuroscientific and neurological studies should be carried  
out52.

A further line of evidence proposes that female and male 
brains demonstrate different patterns of intra-hemispheric 
and inter-hemispheric connectivity. Early research in this 
area suggests stronger and more effective inter-hemispheric 
connections in women as indicated, for example, by larger  
cross-sectional corpus callosum (CC) areas (representative of the 
number of transcallosal fibers)53. However, many studies have  
failed to replicate this finding54, particularly when morphologi-
cal sex/gender differences of the CC are related to total brain 
size55. This similarity with respect to inter-hemispheric con-
nectivity corresponds well to the apparent functional laterality  
similarity between sexes56.

This issue has, however, received new interest due to a recent 
study that reports greater within-hemispheric connectivity in 
men and greater between-hemispheric connectivity in women 
on the basis of diffusion tensor imaging and graph analytical 
approaches57. In addition, this paper has led to heated discus-
sions because the findings have been interpreted by the authors 
as evidence that female brains are designed to facilitate com-
munication between analytical and intuitive processing modes.  
However, a further study compares the anatomical connectiv-
ity measures between men and women for groups of men and 
women with similar brain sizes and identifies small or non-
existent sex/gender differences58. Thus, sex/gender differences 
in terms of inter-hemispheric connectivity could also depend on 
brain size differences.

Most studies report sex/gender differences for many brain  
anatomical features with moderate to strong sex/gender differ-
ences. For example, total brain volume, as well as gray matter 
and white matter volumes, reveals sex/gender differences14,15,59 
with d values ranging between 1 and 1.4914,15. The sex/gender 
differences for subcortical volume measures (for example,  
basal ganglia and thalamus) are much smaller, and the range 
of d is 0.31 to 1.03. When brain size is corrected for, these  
sex/gender differences nearly disappear15.

In this context, it is interesting to note that brain anatomical 
sex/gender differences have been reported even when brain 
size is controlled for. For example, Luders et al.60 report 
greater gyrification in women than men in frontal and parietal 
regions. This implies more cortical surface area, which may 
offset gender differences in brain volume. Using a new  
technique to identify anatomical regions of interest, Kurth et al.61  
also identify significantly larger gray matter volumes in 
females compared with males for BA 44 and BA 45 bilat-
erally, which are brain areas known to be involved in  

controlling verbal functions. In addition, there are several papers  
demonstrating brain maturation differences, with girls matur-
ing slightly earlier62–65. However, it has also been shown that 
the uncovered sex-/gender-specific brain maturation profiles 
are modulated by several further issues (for example, intelli-
gence and psychiatric diseases63,66). Thus, it will be interesting 
to see whether future well-conducted studies uncover that nutri-
tion, education, cultural background, stimulation, or other  
factors modulate brain development more or less independently 
from sex.

Although consistent gender differences are repeatedly reported 
and documented, Joel et al.67 argue that these differences are 
not suitable for establishing a sexual dimorphism in terms 
of brain anatomy, mostly because the anatomical parame-
ters for men and women overlap far too much. There are also  
too few women and men who demonstrate exclusively male or 
female brain characteristics. Rather, the authors assume that 
male and female brains are both composed of male and female 
brain features (mosaics). Thus, typical female or male brains 
do not exist. An important aspect in this context is the fact that 
it has been shown that brain anatomy (and brain size) strongly 
depends on nutrition, obesity, diet, culture, famine history, age,  
education, cardiovascular risk factors, and skill5,7,8,68–80.

From the above-mentioned findings, we can summarize 
that on average there are moderate to strong brain anatomi-
cal sex/gender differences (which are substantially smaller for  
subcortical structures). These brain volume differences are also 
associated with sex/gender differences in terms of inter- and 
intra-hemispheric anatomical connectivities. Nevertheless, even 
these sex/gender differences are not compelling enough to sup-
port the hypothesis of an existing sexual dimorphism in brain  
anatomy. Besides the fact of strong overlaps between male and 
female distribution, it has to be considered that brain anatomy 
is substantially affected by environmental influences. Most 
importantly, however, is that the relationship between brain  
anatomical measures as mentioned above and cognition, behav-
ior, and emotion is currently not clear. We must therefore be 
very careful if we explain gender differences in cognition,  
emotion, and behavior on the basis of brain anatomical  
findings.

Brain activation differences
An issue often raised is that brain activations during the  
performance of specific cognitive tasks are associated with  
characteristic sex/gender differences. Typically, it is argued that 
women show a more bilateral activation pattern, for example  
during the processing of verbal information. This is demon-
strated in a widely cited paper by Shaywitz et al.81, who report 
bilateral hemodynamic responses in frontal language areas in 
females during verbal monitoring tasks. This activation pattern has  
not been replicated in subsequent studies from other groups 
employing many more subjects than the study by Shaywitz 
et al.82. Even meta-analytical studies summarizing published 
functional magnetic resonance imaging (fMRI) studies on  
that topic reveal no consistent sex/gender differences with 
respect to cortical activation differences during language 
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tasks83,84. However, one has to keep in mind that fMRI studies  
usually rely on small sample sizes and that the paradigms used in  
(verbal) fMRI studies vary considerably.

Substantial sex/gender differences in emotional responses 
and perception have been reported in several psychological 
and psychophysiological studies. Mostly, it has been shown 
that women respond more strongly to negative emotional 
stimuli than do men. This difference has often been linked  
to an increased risk of depression and anxiety disorders in women. 
A recent meta-analysis summarizing the published neuroim-
aging studies on that topic addresses this issue85. The authors  
identify a couple of sex/gender differences in terms of brain  
activation in several brain systems. The majority of these dif-
ferences favoring women are observed for negative emotions, 
whereas the majority of the sex/gender differences favoring 
men are observed for positive emotions. This valence specificity 
is particularly evident for the amygdala. For negative  
emotions, women exhibited greater activation than did men in 
the left amygdala as well as in other regions, including the left 
thalamus, hypothalamus, mammillary bodies, left caudate, and 
medial prefrontal cortex. In contrast, for positive emotions, 
men exhibited greater activation than did women in the left  
amygdala as well as greater activation in other regions, including  
the bilateral inferior frontal gyrus and right fusiform gyrus.

Nevertheless, the study of sex/gender differences in terms of 
brain activation is still far from complete. A major issue in 
this research area is that most of these studies have neglected 
the influence of the menstrual cycle on brain activation and 
behavior. One of the first is a study in which the female  
subjects, who did not use oral contraceptives, were scanned 
twice, once during their menses and once on the 11th or 12th day  
of the menstrual cycle86. In addition, the authors examined 
males for further comparison. All subjects performed a word-
stem completion, a mental rotation, and a simple motor task 
while hemodynamic responses were measured using fMRI. The 
authors conclude that the menstrual cycle hormones influence 
the overall level of cerebral hemodynamics. No differences were 
observed between male and female subjects during the low-estro-
gen phase. During the verbal and spatial tasks (but not during 
the motor task), blood estrogen level had a profound influence 
on the spatial extent of cortical activation. Female brains under  
estrogen showed a marked increase in hemodynamic responses 
in those cortical areas involved in controlling the particular  
cognitive task. Recent studies have confirmed these results and 
demonstrated the substantial influence of sex hormone levels 
on brain activation during task performance87–91 (for a stable 
trait-like resting state network independent from the menstrual  
cycle, see 92). Even resting state activity (a state during 
which no cognitive task is processed) is associated with brain  
activations and functional network features which substan-
tially vary as a consequence of sex hormone level fluctuations 
during the menstrual cycle90. Thus, when men and women are  
compared in terms of brain activation and task performance 
in psychological tasks, there is an urgent need to consider 
the particular phase of the menstrual cycle and the associated  
hormone levels.

Besides these hormone-level influences on brain activations, 
there is a wealth of literature demonstrating practice- and skill 
level-dependent brain activations during task performance and 
resting state93–95. Thus, one can conclude that sex/gender differ-
ences in terms of brain activations are strongly influenced by 
education, practice, skill level, and hormone levels. Possible  
sex/gender differences can be enhanced, diminished, or even 
eliminated because of these influences. Nevertheless, future 
studies should carefully control for these influences when  
designing experiments to delineate “true” sex/gender differences.

Conclusion and outlook
The study of sex/gender differences attracts the attention of 
a considerable amount of research in addition to the public 
media, politicians, and laypersons. Many use neuroscientific 
sex/gender differences to explain and partly justify social 
and behavioral differences. However, the research of the  
past 50 years and particularly of the last 10 years has shown 
that sex/gender differences in terms of cognitive functions are 
less clear than previously assumed. Both sexes are more similar 
in respect to many psychological functions, and it is also now 
clear how strong the influence of culture and social stereotypes 
is. In addition, the sex/gender differences in brain anatomy and 
brain function are less clear. There are some relatively strong 
but also many moderate or even weak sex/gender differences 
in terms of brain anatomy and brain function. These differences  
are not large enough to support a clear sexual dimorphism. 
Thus, there is no strong evidence available supporting the  
existence of a typical “female” or “male” brain.

Most interestingly, there is currently a lack of a direct and 
strong correlation between these neuroscientific findings and 
real-life behavior as well as cognition. However, in the context 
of modern plasticity research, we must take considerably 
more account of the fact that the brain can adapt and change 
anatomically and functionally through practice and learning5,8.  
Therefore, it could be possible that male and female brains 
might change their structure and functions because of their  
different experiences and because they are exposed to  
different social environments. Thus, the brain’s anatomical and  
functional sex/gender differences found so far can also be  
modulated by experience and not entirely by sex-related genetic 
influences. However, it is also possible that genetic, hormo-
nal, and social influences interact in a currently unknown  
manner in forming brain and behavior. In light of these  
influences on the development of the human brain, a new 
area of sex/gender research could be established. We should  
consider the human brain more as a particularly adaptable organ 
that allows us to adjust to different environments and cultures.

Competing interests
The author declares that he has no competing interests.

Grant information
The author(s) declared that no grants were involved in supporting 
this work.

Page 7 of 10

F1000Research 2018, 7(F1000 Faculty Rev):805 Last updated: 20 JUN 2018



References F1000 recommended

1. 	  Choleris E, Galea LAM, Sohrabji F, et al.: Sex differences in the brain: 
Implications for behavioral and biomedical research. Neurosci Biobehav Rev. 
2018; 85: 126–45.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

2. 	 McCarthy MM, Konkle AT: When is a sex difference not a sex difference? Front 
Neuroendocrinol. 2005; 26(2): 85–102.  
PubMed Abstract | Publisher Full Text 

3. 	 Roth G, Dicke U: Evolution of the brain and intelligence. Trends Cogn Sci. 2005; 
9(5): 250–7.  
PubMed Abstract | Publisher Full Text 

4. 	 Herculano-Houzel S, Watson C, Paxinos G: Distribution of neurons in functional 
areas of the mouse cerebral cortex reveals quantitatively different cortical 
zones. Front Neuroanat. 2013; 7: 35.  
PubMed Abstract | Publisher Full Text | Free Full Text 

5. 	 Jäncke L: The plastic human brain. Restor Neurol Neurosci. 2009; 27(5): 521–38. 
PubMed Abstract | Publisher Full Text 

6. 	 Langer N, Hänggi J, Müller NA, et al.: Effects of limb immobilization on brain 
plasticity. Neurology. 2012; 78(3): 182–8.  
PubMed Abstract | Publisher Full Text 

7. 	 Münte TF, Altenmüller E, Jäncke L: The musician’s brain as a model of 
neuroplasticity. Nat Rev Neurosci. 2002; 3(6): 473–8.  
PubMed Abstract | Publisher Full Text 

8. 	 May A: Experience-dependent structural plasticity in the adult human brain. 
Trends Cogn Sci. 2011; 15(10): 475–82.  
PubMed Abstract | Publisher Full Text 

9. 	  Hyde JS: Sex and cognition: gender and cognitive functions. Curr Opin 
Neurobiol. 2016; 38: 53–6.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

10. 	  Joel D, Fausto-Sterling A: Beyond sex differences: new approaches for 
thinking about variation in brain structure and function. Philos Trans R Soc 
Lond B Biol Sci. 2016; 371(1688): 20150451.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

11. 	 Reich CG, Taylor ME, McCarthy MM: Differential effects of chronic 
unpredictable stress on hippocampal CB1 receptors in male and female rats. 
Behav Brain Res. 2009; 203(2): 264–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12. 	 Cabeza R: Hemispheric asymmetry reduction in older adults: the HAROLD 
model. Psychol Aging. 2002; 17(1): 85–100.  
PubMed Abstract | Publisher Full Text 

13. 	 Cohen J: A power primer. Psychol Bull. 1992; 112(1): 155–9.  
PubMed Abstract | Publisher Full Text 

14. 	  Ritchie SJ, Cox SR, Shen X, et al.: Sex Differences In The Adult Human 
Brain: Evidence From 5,216 UK Biobank Participants. BioRxiv. 2017.  
Publisher Full Text | F1000 Recommendation 

15. 	 Jäncke L, Mérillat S, Liem F, et al.: Brain size, sex, and the aging brain. Hum 
Brain Mapp. 2015; 36(1): 150–69.  
PubMed Abstract | Publisher Full Text 

16. 	 Kimura D, Harshman RA: Sex differences in brain organization for verbal and 
non-verbal functions. Prog Brain Res. 1984; 61: 423–41.  
PubMed Abstract | Publisher Full Text 

17. 	 Maccoby EE, Jacklin CN: The Psychology of Sex Differences. Stanford University 
Press; 1978.  
Reference Source

18. 	 Brizendine L: The Female Brain. Random House; 2009.  
Reference Source

19. 	 Brizendine L: The Male Brain. Random House; 2010.  
Reference Source

20. 	 Pease A, Pease B: Why men don’t listen and women can’t read maps. Harmony; 
2001.  
Reference Source

21. 	 Hyde JS: Gender similarities and differences. Annu Rev Psychol. 2014; 65: 373–98.  
PubMed Abstract | Publisher Full Text 

22. 	 Hyde JS: The gender similarities hypothesis. Am Psychol. 2005; 60(6): 581–92. 
PubMed Abstract | Publisher Full Text 

23. 	 Miller DI, Halpern DF: The new science of cognitive sex differences. Trends 
Cogn Sci. 2014; 18(1): 37–45.  
PubMed Abstract | Publisher Full Text 

24. 	 Linn MC, Petersen AC: Emergence and characterization of sex differences in 
spatial ability: a meta-analysis. Child Dev. 1985; 56(6): 1479–98.  
PubMed Abstract | Publisher Full Text 

25. 	 Voyer D, Voyer S, Bryden MP: Magnitude of sex differences in spatial abilities: a 
meta-analysis and consideration of critical variables. Psychol Bull. 1995; 117(2): 
250–70.  
PubMed Abstract | Publisher Full Text 

26. 	 Peters M, Lehmann W, Takahira S, et al.: Mental rotation test performance in 
four cross-cultural samples (n = 3367): overall sex differences and the role of 
academic program in performance. Cortex. 2006; 42(7): 1005–14.  
PubMed Abstract | Publisher Full Text 

27. 	 Hausmann M: Arts versus science — Academic background implicitly activates 
gender stereotypes on cognitive abilities with threat raising men’s (but 
lowering women’s) performance. Intelligence. 2014; 46: 235–45.  
Publisher Full Text 

28. 	 Lindberg SM, Hyde JS, Petersen JL, et al.: New trends in gender and 
mathematics performance: a meta-analysis. Psychol Bull. 2010; 136(6): 1123–35.  
PubMed Abstract | Publisher Full Text | Free Full Text 

29. 	 Else-Quest NM, Hyde JS, Linn MC: Cross-national patterns of gender 
differences in mathematics: a meta-analysis. Psychol Bull. 2010; 136(1): 103–27. 
PubMed Abstract | Publisher Full Text 

30. 	  Levine SC, Foley A, Lourenco S, et al.: Sex differences in spatial cognition: 
advancing the conversation. Wiley Interdiscip Rev Cogn Sci. 2016; 7(2): 127–55. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

31. 	 Hoffman M, Gneezy U, List JA: Nurture affects gender differences in spatial 
abilities. Proc Natl Acad Sci U S A. 2011; 108(36): 14786–8.  
PubMed Abstract | Publisher Full Text | Free Full Text 

32. 	 Hausmann M, Schoofs D, Rosenthal HE, et al.: Interactive effects of sex 
hormones and gender stereotypes on cognitive sex differences--a 
psychobiosocial approach. Psychoneuroendocrinology. 2009; 34(3): 389–401. 
PubMed Abstract | Publisher Full Text 

33. 	  Scheuringer A, Pletzer B: Sex Differences and Menstrual Cycle Dependent 
Changes in Cognitive Strategies during Spatial Navigation and Verbal Fluency. 
Front Psychol. 2017; 8: 381.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

34. 	  Hidalgo-Lopez E, Pletzer B: Interactive Effects of Dopamine Baseline Levels 
and Cycle Phase on Executive Functions: The Role of Progesterone. Front 
Neurosci. 2017; 11: 403.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

35. 	  Pletzer B, Harris TA, Ortner T: Sex and menstrual cycle influences on three 
aspects of attention. Physiol Behav. 2017; 179: 384–90.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

36. 	 Hjelmervik H, Westerhausen R, Osnes B, et al.: Language lateralization and 
cognitive control across the menstrual cycle assessed with a dichotic-
listening paradigm. Psychoneuroendocrinology. 2012; 37(11): 1866–75.  
PubMed Abstract | Publisher Full Text 

37. 	 Hausmann M, Slabbekoorn D, van Goozen SH, et al.: Sex hormones affect spatial 
abilities during the menstrual cycle. Behav Neurosci. 2000; 114(6): 1245–50. 
PubMed Abstract | Publisher Full Text 

38. 	 Hausmann M, Güntürkün O: Steroid fluctuations modify functional cerebral 
asymmetries: the hypothesis of progesterone-mediated interhemispheric 
decoupling. Neuropsychologia. 2000; 38(10): 1362–74.  
PubMed Abstract | Publisher Full Text 

39. 	 Hausmann M, Ergun G, Yazgan Y, et al.: Sex differences in line bisection as a 
function of hand. Neuropsychologia. 2002; 40(3): 235–40.  
PubMed Abstract | Publisher Full Text 

40. 	 Mehl MR, Vazire S, Ramírez-Esparza N, et al.: Are women really more talkative 
than men? Science. 2007; 317(5834): 82.  
PubMed Abstract | Publisher Full Text 

41. 	 Derntl B, Finkelmeyer A, Eickhoff S, et al.: Multidimensional assessment 
of empathic abilities: neural correlates and gender differences. 
Psychoneuroendocrinology. 2010; 35(1): 67–82.  
PubMed Abstract | Publisher Full Text 

42. 	 Toussaint L, Webb JR: Gender differences in the relationship between empathy 
and forgiveness. J Soc Psychol. 2005; 145(6): 673–85.  
PubMed Abstract | Publisher Full Text | Free Full Text 

43. 	 Baron-Cohen S, Wheelwright S: The empathy quotient: an investigation of 
adults with Asperger syndrome or high functioning autism, and normal sex 
differences. J Autism Dev Disord. 2004; 34(2): 163–75.  
PubMed Abstract | Publisher Full Text 

44. 	 Christov-Moore L, Simpson EA, Coudé G, et al.: Empathy: gender effects in brain 
and behavior. Neurosci Biobehav Rev. 2014; 46 Pt 4: 604–27.  
PubMed Abstract | Publisher Full Text | Free Full Text 

45. 	 Michalska KJ, Kinzler KD, Decety J: Age-related sex differences in explicit 
measures of empathy do not predict brain responses across childhood and 
adolescence. Dev Cogn Neurosci. 2013; 3: 22–32.  
PubMed Abstract | Publisher Full Text 

46. 	  Baez S, Flichtentrei D, Prats M, et al.: Men, women…who cares? A 
population-based study on sex differences and gender roles in empathy and 
moral cognition. PLoS One. 2017; 12(6): e0179336.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

47. 	 Geschwind N, Galaburda AM: Cerebral lateralization. Biological mechanisms, 
associations, and pathology: I. A hypothesis and a program for research. Arch 
Neurol. 1985; 42(5): 428–59.  
PubMed Abstract | Publisher Full Text 

48. 	 Geschwind N, Galaburda AM: Cerebral lateralization. Biological mechanisms, 
associations, and pathology: II. A hypothesis and a program for research. Arch 
Neurol. 1985; 42(6): 521–52.  
PubMed Abstract | Publisher Full Text 

49. 	 Geschwind N, Galaburda AM: Cerebral lateralization. Biological mechanisms, 

Page 8 of 10

F1000Research 2018, 7(F1000 Faculty Rev):805 Last updated: 20 JUN 2018

https://f1000.com/prime/732381600
http://www.ncbi.nlm.nih.gov/pubmed/29287628
http://dx.doi.org/10.1016/j.neubiorev.2017.07.005
http://www.ncbi.nlm.nih.gov/pmc/articles/5751942
https://f1000.com/prime/732381600
http://www.ncbi.nlm.nih.gov/pubmed/16083951
http://dx.doi.org/10.1016/j.yfrne.2005.06.001
http://www.ncbi.nlm.nih.gov/pubmed/15866152
http://dx.doi.org/10.1016/j.tics.2005.03.005
http://www.ncbi.nlm.nih.gov/pubmed/24155697
http://dx.doi.org/10.3389/fnana.2013.00035
http://www.ncbi.nlm.nih.gov/pmc/articles/3800983
http://www.ncbi.nlm.nih.gov/pubmed/19847074
http://dx.doi.org/10.3233/RNN-2009-0519
http://www.ncbi.nlm.nih.gov/pubmed/22249495
http://dx.doi.org/10.1212/WNL.0b013e31823fcd9c
http://www.ncbi.nlm.nih.gov/pubmed/12042882
http://dx.doi.org/10.1038/nrn843
http://www.ncbi.nlm.nih.gov/pubmed/21906988
http://dx.doi.org/10.1016/j.tics.2011.08.002
https://f1000.com/prime/726662598
http://www.ncbi.nlm.nih.gov/pubmed/26953847
http://dx.doi.org/10.1016/j.conb.2016.02.007
https://f1000.com/prime/726662598
https://f1000.com/prime/726114595
http://www.ncbi.nlm.nih.gov/pubmed/26833844
http://dx.doi.org/10.1098/rstb.2015.0451
http://www.ncbi.nlm.nih.gov/pmc/articles/4785909
https://f1000.com/prime/726114595
http://www.ncbi.nlm.nih.gov/pubmed/19460405
http://dx.doi.org/10.1016/j.bbr.2009.05.013
http://www.ncbi.nlm.nih.gov/pmc/articles/2747651
http://www.ncbi.nlm.nih.gov/pubmed/11931290
http://dx.doi.org/10.1037/0882-7974.17.1.85
http://www.ncbi.nlm.nih.gov/pubmed/19565683
http://dx.doi.org/10.1037/0033-2909.112.1.155
https://f1000.com/prime/730322975
http://dx.doi.org/10.1101/123729
https://f1000.com/prime/730322975
http://www.ncbi.nlm.nih.gov/pubmed/25161056
http://dx.doi.org/10.1002/hbm.22619
http://www.ncbi.nlm.nih.gov/pubmed/6396710
http://dx.doi.org/10.1016/S0079-6123(08)64452-0
https://books.google.co.in/books?id=nuK_rQEACAAJ&amp;printsec=frontcover&amp;source=gbs_ge_summary_r&amp;cad=0#v=onepage&amp;q&amp;f=false
https://books.google.co.in/books?id=cNRVlHQ5FkIC&amp;printsec=frontcover&amp;source=gbs_ge_summary_r&amp;cad=0#v=onepage&amp;q&amp;f=false
https://www.scribd.com/document/28640085/The-Male-Brain-by-Louann-Brizendine-M-D-excerpt
http://nguyenthanhmy.com/courses/2013/WhyMen.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23808917
http://dx.doi.org/10.1146/annurev-psych-010213-115057
http://www.ncbi.nlm.nih.gov/pubmed/16173891
http://dx.doi.org/10.1037/0003-066X.60.6.581
http://www.ncbi.nlm.nih.gov/pubmed/24246136
http://dx.doi.org/10.1016/j.tics.2013.10.011
http://www.ncbi.nlm.nih.gov/pubmed/4075870
http://dx.doi.org/10.2307/1130467
http://www.ncbi.nlm.nih.gov/pubmed/7724690
http://dx.doi.org/10.1037/0033-2909.117.2.250
http://www.ncbi.nlm.nih.gov/pubmed/17172180
http://dx.doi.org/10.1016/S0010-9452(08)70206-5
http://dx.doi.org/10.1016/j.intell.2014.07.004
http://www.ncbi.nlm.nih.gov/pubmed/21038941
http://dx.doi.org/10.1037/a0021276
http://www.ncbi.nlm.nih.gov/pmc/articles/3057475
http://www.ncbi.nlm.nih.gov/pubmed/20063928
http://dx.doi.org/10.1037/a0018053
https://f1000.com/prime/726935305
http://www.ncbi.nlm.nih.gov/pubmed/26825049
http://dx.doi.org/10.1002/wcs.1380
https://f1000.com/prime/726935305
http://www.ncbi.nlm.nih.gov/pubmed/21876159
http://dx.doi.org/10.1073/pnas.1015182108
http://www.ncbi.nlm.nih.gov/pmc/articles/3169128
http://www.ncbi.nlm.nih.gov/pubmed/18992993
http://dx.doi.org/10.1016/j.psyneuen.2008.09.019
https://f1000.com/prime/727472621
http://www.ncbi.nlm.nih.gov/pubmed/28367133
http://dx.doi.org/10.3389/fpsyg.2017.00381
http://www.ncbi.nlm.nih.gov/pmc/articles/5355435
https://f1000.com/prime/727472621
https://f1000.com/prime/727848724
http://www.ncbi.nlm.nih.gov/pubmed/28751855
http://dx.doi.org/10.3389/fnins.2017.00403
http://www.ncbi.nlm.nih.gov/pmc/articles/5508121
https://f1000.com/prime/727848724
https://f1000.com/prime/727799035
http://www.ncbi.nlm.nih.gov/pubmed/28694156
http://dx.doi.org/10.1016/j.physbeh.2017.07.012
https://f1000.com/prime/727799035
http://www.ncbi.nlm.nih.gov/pubmed/22534404
http://dx.doi.org/10.1016/j.psyneuen.2012.03.021
http://www.ncbi.nlm.nih.gov/pubmed/11142657
http://dx.doi.org/10.1037/0735-7044.114.6.1245
http://www.ncbi.nlm.nih.gov/pubmed/10869579
http://dx.doi.org/10.1016/S0028-3932(00)00045-2
http://www.ncbi.nlm.nih.gov/pubmed/11684155
http://dx.doi.org/10.1016/S0028-3932(01)00112-9
http://www.ncbi.nlm.nih.gov/pubmed/17615349
http://dx.doi.org/10.1126/science.1139940
http://www.ncbi.nlm.nih.gov/pubmed/19914001
http://dx.doi.org/10.1016/j.psyneuen.2009.10.006
http://www.ncbi.nlm.nih.gov/pubmed/16334893
http://dx.doi.org/10.3200/SOCP.145.6.673-686
http://www.ncbi.nlm.nih.gov/pmc/articles/1963313
http://www.ncbi.nlm.nih.gov/pubmed/15162935
http://dx.doi.org/10.1023/B:JADD.0000022607.19833.00
http://www.ncbi.nlm.nih.gov/pubmed/25236781
http://dx.doi.org/10.1016/j.neubiorev.2014.09.001
http://www.ncbi.nlm.nih.gov/pmc/articles/5110041
http://www.ncbi.nlm.nih.gov/pubmed/23245217
http://dx.doi.org/10.1016/j.dcn.2012.08.001
https://f1000.com/prime/727734580
http://www.ncbi.nlm.nih.gov/pubmed/28632770
http://dx.doi.org/10.1371/journal.pone.0179336
http://www.ncbi.nlm.nih.gov/pmc/articles/5478130
https://f1000.com/prime/727734580
http://www.ncbi.nlm.nih.gov/pubmed/3994562
http://dx.doi.org/10.1001/archneur.1985.04060050026008
http://www.ncbi.nlm.nih.gov/pubmed/3890812
http://dx.doi.org/10.1001/archneur.1985.04060060019009


associations, and pathology: III. A hypothesis and a program for research. 
Arch Neurol. 1985; 42(7): 634–54.  
PubMed Abstract | Publisher Full Text 

50. 	 McManus IC, Bryden MP: Geschwind’s theory of cerebral lateralization: 
developing a formal, causal model. Psychol Bull. 1991; 110(2): 237–53.  
PubMed Abstract | Publisher Full Text 

51. 	 Bryden MP, McManus IC, Bulman-Fleming MB: Evaluating the empirical support 
for the Geschwind-Behan-Galaburda model of cerebral lateralization. Brain 
Cogn. 1994; 26(2): 103–67.  
PubMed Abstract | Publisher Full Text 

52. 	 Schachter SC: Evaluating the Bryden-McManus-Bulman-Fleming critique of 
the Geschwind-Behan-Galaburda model of cerebral lateralization. Brain Cogn. 
1994; 26(2): 199–205.  
PubMed Abstract | Publisher Full Text 

53. 	 DeLacoste-Utamsing C, Holloway RL: Sexual dimorphism in the human corpus 
callosum. Science. 1982; 216(4553): 1431–2.  
PubMed Abstract | Publisher Full Text 

54. 	 Bishop KM, Wahlsten D: Sex differences in the human corpus callosum: myth 
or reality? Neurosci Biobehav Rev. 1997; 21(5): 581–601.  
PubMed Abstract | Publisher Full Text 

55. 	 Jäncke L, Staiger JF, Schlaug G, et al.: The relationship between corpus 
callosum size and forebrain volume. Cereb Cortex. 1997; 7(1): 48–56.  
PubMed Abstract | Publisher Full Text

56. 	 Voyer D: On the magnitude of laterality effects and sex differences in 
functional lateralities. Laterality. 1996; 1(1): 51–83.  
PubMed Abstract | Publisher Full Text 

57. 	 Ingalhalikar M, Smith A, Parker D, et al.: Sex differences in the structural 
connectome of the human brain. Proc Natl Acad Sci U S A. 2014; 111(2): 823–8. 
PubMed Abstract | Publisher Full Text | Free Full Text 

58. 	 Hänggi J, Fövenyi L, Liem F, et al.: The hypothesis of neuronal interconnectivity 
as a function of brain size-a general organization principle of the human 
connectome. Front Hum Neurosci. 2014; 8: 915.  
PubMed Abstract | Publisher Full Text | Free Full Text 

59. 	 Ruigrok AN, Salimi-Khorshidi G, Lai MC, et al.: A meta-analysis of sex differences 
in human brain structure. Neurosci Biobehav Rev. 2014; 39: 34–50.  
PubMed Abstract | Publisher Full Text | Free Full Text 

60. 	 Luders E, Narr KL, Thompson PM, et al.: Gender differences in cortical 
complexity. Nat Neurosci. 2004; 7(2): 799–800.  
PubMed Abstract | Publisher Full Text 

61. 	 Kurth F, Jancke L, Luders E: Sexual dimorphism of Broca’s region: More gray 
matter in female brains in Brodmann areas 44 and 45. J Neurosci Res. 2017; 
95(1–2): 626–32.  
PubMed Abstract | Publisher Full Text | Free Full Text 

62. 	 Lenroot RK, Giedd JN: Brain development in children and adolescents: insights 
from anatomical magnetic resonance imaging. Neurosci Biobehav Rev. 2006; 
30(6): 718–29.  
PubMed Abstract | Publisher Full Text 

63. 	  Zalesky A, Pantelis C, Cropley V, et al.: Delayed Development of Brain 
Connectivity in Adolescents With Schizophrenia and Their Unaffected 
Siblings. JAMA Psychiatry. 2015; 72(9): 900–8.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

64. 	 Raznahan A, Lee Y, Stidd R, et al.: Longitudinally mapping the influence of 
sex and androgen signaling on the dynamics of human cortical maturation in 
adolescence. Proc Natl Acad Sci U S A. 2010; 107(39): 16988–93.  
PubMed Abstract | Publisher Full Text | Free Full Text 

65. 	 Gogtay N, Thompson PM: Mapping gray matter development: implications for 
typical development and vulnerability to psychopathology. Brain Cogn. 2010; 
72(1): 6–15.  
PubMed Abstract | Publisher Full Text | Free Full Text 

66. 	  Shaw P, Greenstein D, Lerch J, et al.: Intellectual ability and cortical 
development in children and adolescents. Nature. 2006; 440(7084): 676–9. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

67. 	 Joel D, Berman Z, Tavor I, et al.: Sex beyond the genitalia: The human brain 
mosaic. Proc Natl Acad Sci U S A. 2015; 112(50): 15468–73.  
PubMed Abstract | Publisher Full Text | Free Full Text 

68. 	  Beyer F, Kharabian Masouleh S, Huntenburg JM, et al.: Higher body mass 
index is associated with reduced posterior default mode connectivity in older 
adults. Hum Brain Mapp. 2017; 38(7): 3502–3515.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

69. 	 Birns J, Morris R, Jarosz J, et al.: Ethnic differences in the cerebrovascular 
impact of hypertension. Cerebrovasc Dis. 2008; 25(5): 408–16.  
PubMed Abstract | Publisher Full Text 

70. 	 Braskie MN, Boyle CP, Rajagopalan P, et al.: Physical activity, inflammation, and 
volume of the aging brain. Neuroscience. 2014; 273: 199–209.  
PubMed Abstract | Publisher Full Text | Free Full Text 

71. 	  de Rooij SR, Caan MW, Swaab DF, et al.: Prenatal famine exposure has sex-
specific effects on brain size. Brain. 2016; 139(Pt 8): 2136–42.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

72. 	 Hedden T, Ketay S, Aron A, et al.: Cultural influences on neural substrates of 
attentional control. Psychol Sci. 2008; 19(1): 12–7. 
PubMed Abstract | Publisher Full Text 

73. 	 Ho AJ, Raji CA, Becker JT, et al.: Obesity is linked with lower brain volume in 

700 AD and MCI patients. Neurobiol Aging. 2010; 31(8): 1326–39.  
PubMed Abstract | Publisher Full Text | Free Full Text 

74. 	  Kharabian Masouleh S, Beyer F, Lampe L, et al.: Gray matter structural 
networks are associated with cardiovascular risk factors in healthy older 
adults. J Cereb Blood Flow Metab. 2018; 38(2): 360–72.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

75. 	 Lupien SJ, McEwen BS, Gunnar MR, et al.: Effects of stress throughout the 
lifespan on the brain, behaviour and cognition. Nat Rev Neurosci. 2009; 10(6): 
434–45.  
PubMed Abstract | Publisher Full Text 

76. 	 Minagar A, Sevush S, Bertran A: Cerebral ventricles are smaller in Hispanic than 
non-Hispanic patients with Alzheimer’s disease. Neurology. 2000; 55(3): 446–8. 
PubMed Abstract | Publisher Full Text

77. 	 Mungas D, Reed BR, Farias ST, et al.: Age and education effects on 
relationships of cognitive test scores with brain structure in demographically 
diverse older persons. Psychol Aging. 2009; 24(1): 116–28.  
PubMed Abstract | Publisher Full Text | Free Full Text 

78. 	 Raji CA, Erickson KI, Lopez OL, et al.: Regular fish consumption and age-related 
brain gray matter loss. Am J Prev Med. 2014; 47(4): 444–51.  
PubMed Abstract | Publisher Full Text | Free Full Text 

79. 	  Raji CA, Merrill DA, Eyre H, et al.: Longitudinal Relationships between 
Caloric Expenditure and Gray Matter in the Cardiovascular Health Study.  
J Alzheimers Dis. 2016; 52(2): 719–29.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

80. 	 Weiner MF, de la Plata CM, Fields BAJ, et al.: Brain MRI, apoliprotein E 
genotype, and plasma homocysteine in American Indian Alzheimer disease 
patients and Indian controls. Curr Alzheimer Res. 2009; 6(1): 52–8.  
PubMed Abstract | Publisher Full Text | Free Full Text 

81. 	 Shaywitz BA, Shaywitz SE, Pugh KR, et al.: Sex differences in the functional 
organization of the brain for language. Nature. 1995; 373(6515): 607–9.  
PubMed Abstract | Publisher Full Text 

82. 	 Frost JA, Binder JR, Springer JA, et al.: Language processing is strongly left 
lateralized in both sexes. Evidence from functional MRI. Brain. 1999; 122(Pt 2): 
199–208.  
PubMed Abstract | Publisher Full Text 

83. 	 Sommer IE, Aleman A, Somers M, et al.: Sex differences in handedness, 
asymmetry of the planum temporale and functional language lateralization. 
Brain Res. 2008; 1206: 76–88.  
PubMed Abstract | Publisher Full Text 

84. 	 Sommer IEC, Aleman A, Bouma A, et al.: Do women really have more bilateral 
language representation than men? A meta-analysis of functional imaging 
studies. Brain. 2004; 127(Pt 8): 1845–52.  
PubMed Abstract | Publisher Full Text 

85. 	 Stevens JS, Hamann S: Sex differences in brain activation to emotional stimuli: a 
meta-analysis of neuroimaging studies. Neuropsychologia. 2012; 50(7): 1578–93.  
PubMed Abstract | Publisher Full Text 

86. 	 Dietrich T, Krings T, Neulen J, et al.: Effects of blood estrogen level on cortical 
activation patterns during cognitive activation as measured by functional MRI. 
NeuroImage. 2001; 13(3): 425–32.  
PubMed Abstract | Publisher Full Text 

87. 	  Hausmann M: Why sex hormones matter for neuroscience: A very short 
review on sex, sex hormones, and functional brain asymmetries. J Neurosci 
Res. 2017; 95(1–2): 40–9.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

88. 	  Weis S, Hodgetts S, Hausmann M: Sex differences and menstrual cycle 
effects in cognitive and sensory resting state networks. Brain Cogn. 2017; pii: 
S0278-2626(17)30183-5.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

89. 	 Schöning S, Engelien A, Kugel H, et al.: Functional anatomy of visuo-spatial 
working memory during mental rotation is influenced by sex, menstrual cycle, 
and sex steroid hormones. Neuropsychologia. 2007; 45(14): 3203–14.  
PubMed Abstract | Publisher Full Text 

90. 	  Arélin K, Mueller K, Barth C, et al.: Progesterone mediates brain functional 
connectivity changes during the menstrual cycle-a pilot resting state MRI 
study. Front Neurosci. 2015; 9: 44.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

91. 	  Hjelmervik H, Westerhausen R, Hirnstein M, et al.: The neural correlates of 
sex differences in left-right confusion. NeuroImage. 2015; 113: 196–206.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

92. 	 Hjelmervik H, Hausmann M, Osnes B, et al.: Resting states are resting traits--an 
FMRI study of sex differences and menstrual cycle effects in resting state 
cognitive control networks. PLoS One. 2014; 9(7): e103492.  
PubMed Abstract | Publisher Full Text | Free Full Text 

93. 	 Jäncke L, Gaab N, Wüstenberg T, et al.: Short-term functional plasticity in the 
human auditory cortex: an fMRI study. Brain Res Cogn Brain Res. 2001; 12(3): 
479–85.  
PubMed Abstract | Publisher Full Text 

94. 	 Gaab N, Gaser C, Zaehle T, et al.: Functional anatomy of pitch memory--an 
fMRI study with sparse temporal sampling. NeuroImage. 2003; 19(4): 1417–26. 
PubMed Abstract | Publisher Full Text 

95. 	 Klein C, Liem F, Hänggi J, et al.: The “silent” imprint of musical training. Hum 
Brain Mapp. 2016; 37(2): 536–46.  
PubMed Abstract | Publisher Full Text 

Page 9 of 10

F1000Research 2018, 7(F1000 Faculty Rev):805 Last updated: 20 JUN 2018

http://www.ncbi.nlm.nih.gov/pubmed/3874617
http://dx.doi.org/10.1001/archneur.1985.04060070024012
http://www.ncbi.nlm.nih.gov/pubmed/1946868
http://dx.doi.org/10.1037/0033-2909.110.2.237
http://www.ncbi.nlm.nih.gov/pubmed/7531983
http://dx.doi.org/10.1006/brcg.1994.1045
http://www.ncbi.nlm.nih.gov/pubmed/7857611
http://dx.doi.org/10.1006/brcg.1994.1052
http://www.ncbi.nlm.nih.gov/pubmed/7089533
http://dx.doi.org/10.1126/science.7089533
http://www.ncbi.nlm.nih.gov/pubmed/9353793
http://dx.doi.org/10.1016/S0149-7634(96)00049-8
http://www.ncbi.nlm.nih.gov/pubmed/9023431
http://dx.doi.org/10.1093/cercor/7.1.48
http://www.ncbi.nlm.nih.gov/pubmed/15513029
http://dx.doi.org/10.1080/713754209
http://www.ncbi.nlm.nih.gov/pubmed/24297904
http://dx.doi.org/10.1073/pnas.1316909110
http://www.ncbi.nlm.nih.gov/pmc/articles/3896179
http://www.ncbi.nlm.nih.gov/pubmed/25426059
http://dx.doi.org/10.3389/fnhum.2014.00915
http://www.ncbi.nlm.nih.gov/pmc/articles/4227509
http://www.ncbi.nlm.nih.gov/pubmed/24374381
http://dx.doi.org/10.1016/j.neubiorev.2013.12.004
http://www.ncbi.nlm.nih.gov/pmc/articles/3969295
http://www.ncbi.nlm.nih.gov/pubmed/15338563
http://dx.doi.org/10.1038/nn1277
http://www.ncbi.nlm.nih.gov/pubmed/27870461
http://dx.doi.org/10.1002/jnr.23898
http://www.ncbi.nlm.nih.gov/pmc/articles/5119534
http://www.ncbi.nlm.nih.gov/pubmed/16887188
http://dx.doi.org/10.1016/j.neubiorev.2006.06.001
https://f1000.com/prime/725638419
http://www.ncbi.nlm.nih.gov/pubmed/26176706
http://dx.doi.org/10.1001/jamapsychiatry.2015.0226
https://f1000.com/prime/725638419
http://www.ncbi.nlm.nih.gov/pubmed/20841422
http://dx.doi.org/10.1073/pnas.1006025107
http://www.ncbi.nlm.nih.gov/pmc/articles/2947865
http://www.ncbi.nlm.nih.gov/pubmed/19796863
http://dx.doi.org/10.1016/j.bandc.2009.08.009
http://www.ncbi.nlm.nih.gov/pmc/articles/2815268
https://f1000.com/prime/12498
http://www.ncbi.nlm.nih.gov/pubmed/16572172
http://dx.doi.org/10.1038/nature04513
https://f1000.com/prime/12498
http://www.ncbi.nlm.nih.gov/pubmed/26621705
http://dx.doi.org/10.1073/pnas.1509654112
http://www.ncbi.nlm.nih.gov/pmc/articles/4687544
https://f1000.com/prime/727498620
http://www.ncbi.nlm.nih.gov/pubmed/28397392
http://dx.doi.org/10.1002/hbm.23605
https://f1000.com/prime/727498620
http://www.ncbi.nlm.nih.gov/pubmed/18349534
http://dx.doi.org/10.1159/000121341
http://www.ncbi.nlm.nih.gov/pubmed/24836855
http://dx.doi.org/10.1016/j.neuroscience.2014.05.005
http://www.ncbi.nlm.nih.gov/pmc/articles/4076831
https://f1000.com/prime/726500384
http://www.ncbi.nlm.nih.gov/pubmed/27401522
http://dx.doi.org/10.1093/brain/aww132
https://f1000.com/prime/726500384
http://www.ncbi.nlm.nih.gov/pubmed/18181784
http://dx.doi.org/10.1111/j.1467-9280.2008.02038.x
http://www.ncbi.nlm.nih.gov/pubmed/20570405
http://dx.doi.org/10.1016/j.neurobiolaging.2010.04.006
http://www.ncbi.nlm.nih.gov/pmc/articles/3197833
https://f1000.com/prime/730369341
http://www.ncbi.nlm.nih.gov/pubmed/28857651
http://dx.doi.org/10.1177/0271678X17729111
http://www.ncbi.nlm.nih.gov/pmc/articles/5951018
https://f1000.com/prime/730369341
http://www.ncbi.nlm.nih.gov/pubmed/19401723
http://dx.doi.org/10.1038/nrn2639
http://www.ncbi.nlm.nih.gov/pubmed/10932287
http://dx.doi.org/10.1212/WNL.55.3.446
http://www.ncbi.nlm.nih.gov/pubmed/19290743
http://dx.doi.org/10.1037/a0013421
http://www.ncbi.nlm.nih.gov/pmc/articles/2861868
http://www.ncbi.nlm.nih.gov/pubmed/25084680
http://dx.doi.org/10.1016/j.amepre.2014.05.037
http://www.ncbi.nlm.nih.gov/pmc/articles/4171345
https://f1000.com/prime/726214317
http://www.ncbi.nlm.nih.gov/pubmed/26967227
http://dx.doi.org/10.3233/JAD-160057
http://www.ncbi.nlm.nih.gov/pmc/articles/4927887
https://f1000.com/prime/726214317
http://www.ncbi.nlm.nih.gov/pubmed/19199875
http://dx.doi.org/10.2174/156720509787313952
http://www.ncbi.nlm.nih.gov/pmc/articles/2752625
http://www.ncbi.nlm.nih.gov/pubmed/7854416
http://dx.doi.org/10.1038/373607a0
http://www.ncbi.nlm.nih.gov/pubmed/10071049
http://dx.doi.org/10.1093/brain/122.2.199
http://www.ncbi.nlm.nih.gov/pubmed/18359009
http://dx.doi.org/10.1016/j.brainres.2008.01.003
http://www.ncbi.nlm.nih.gov/pubmed/15240433
http://dx.doi.org/10.1093/brain/awh207
http://www.ncbi.nlm.nih.gov/pubmed/22450197
http://dx.doi.org/10.1016/j.neuropsychologia.2012.03.011
http://www.ncbi.nlm.nih.gov/pubmed/11170808
http://dx.doi.org/10.1006/nimg.2001.0703
https://f1000.com/prime/727023749
http://www.ncbi.nlm.nih.gov/pubmed/27870404
http://dx.doi.org/10.1002/jnr.23857
https://f1000.com/prime/727023749
https://f1000.com/prime/732022757
http://www.ncbi.nlm.nih.gov/pubmed/29030069
http://dx.doi.org/10.1016/j.bandc.2017.09.003
https://f1000.com/prime/732022757
http://www.ncbi.nlm.nih.gov/pubmed/17689571
http://dx.doi.org/10.1016/j.neuropsychologia.2007.06.011
https://f1000.com/prime/725398028
http://www.ncbi.nlm.nih.gov/pubmed/25755630
http://dx.doi.org/10.3389/fnins.2015.00044
http://www.ncbi.nlm.nih.gov/pmc/articles/4337344
https://f1000.com/prime/725398028
https://f1000.com/prime/725392675
http://www.ncbi.nlm.nih.gov/pubmed/25776218
http://dx.doi.org/10.1016/j.neuroimage.2015.02.066
https://f1000.com/prime/725392675
http://www.ncbi.nlm.nih.gov/pubmed/25057823
http://dx.doi.org/10.1371/journal.pone.0103492
http://www.ncbi.nlm.nih.gov/pmc/articles/4110030
http://www.ncbi.nlm.nih.gov/pubmed/11689309
http://dx.doi.org/10.1016/S0926-6410(01)00092-1
http://www.ncbi.nlm.nih.gov/pubmed/12948699
http://dx.doi.org/10.1016/S1053-8119(03)00224-6
http://www.ncbi.nlm.nih.gov/pubmed/26538421
http://dx.doi.org/10.1002/hbm.23045


 

Open Peer Review

   Current Referee Status:

Editorial Note on the Review Process
 are commissioned from members of the prestigious   and are edited as aF1000 Faculty Reviews F1000 Faculty

service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:
Version 1

The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias

You can publish traditional articles, null/negative results, case reports, data notes and more

The peer review process is transparent and collaborative

Your article is indexed in PubMed after passing peer review

Dedicated customer support at every stage

For pre-submission enquiries, contact   research@f1000.com

     Department of Biological and Medical Psychology, University of Bergen, Bergen,Karsten Specht
Norway
 Department of Education, The Arctic University of Norway, Tromsø, Norway

 No competing interests were disclosed.Competing Interests:

1 1,2 1

2

 Department of Psychology, Durham University, Durham, UKMarkus Hausmann
 No competing interests were disclosed.Competing Interests:

1

 Department of Neurology, University of Lübeck, Lübeck, GermanyThomas Münte
 No competing interests were disclosed.Competing Interests:

1

Page 10 of 10

F1000Research 2018, 7(F1000 Faculty Rev):805 Last updated: 20 JUN 2018

http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

