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Abstract

The underlying assumption in popular and scientific publications
on sex differences in the brain is that human brains can take one
of two forms “male” or “female,” and that the differences between
these two forms underlie differences between men and women in
personality, cognition, emotion, and behavior. Documented sex
differences in brain structure are typically taken to support this
dimorphic view of the brain. However, neuroanatomical data
reveal that sex interacts with other factors in utero and
throughout life to determine the structure of the brain, and that
because these interactions are complex, the result is a multi-
morphic, rather than a dimorphic, brain. More specifically, here I
argue that human brains are composed of an ever-changing
heterogeneous mosaic of “male” and “female” brain
characteristics (rather than being all “male” or all “female”) that
cannot be aligned on a continuum between a “male brain” and a
“female brain.” I further suggest that sex differences in the
direction of change in the brain mosaic following specific
environmental events lead to sex differences in neuropsychiatric
disorders.

Keywords: male brain, female brain, sexual differentiation,
gender differences, sex differences

Formats:

Article  | PubReader  | ePub (beta)  | PDF
(286K)

Sign in to NCBI

1,*

Related citations in PubMed

See reviews...

See all...

Genetic-gonadal-genitals sex (3G-sex) and
the misconception of brain and gender, or,
why 3G-males and 3G-females have

[Biol Sex Differ. 2012]

Sex differences in the brain, behavior, and
neuropsychiatric disorders.[Neuroscientist. 2010]

[Sexual differentiation of the human brain].
[Przegl Lek. 2000]

The human cerebral cortex: gender
differences in structure and function.[J Neuropathol Exp Neurol. 1999]

Sexing the brain: the science and
pseudoscience of sex differences.[Kaohsiung J Med Sci. 2010]

Cited by other articles in PMC

See all...

Genetic-gonadal-genitals sex (3G-sex) and
the misconception of brain and gender, or,
why 3G-males and 3G-females have

[Biology of Sex Differences. ]

Accelerated aging-related transcriptome
changes in the female prefrontal cortex[Aging Cell. 2012]

Links
PubMed

Taxonomy

Taxonomy Tree

Recent activity
ClearTurn Off

Male or Female? Brains are Intersex

 

 Search

Limits Advanced Journal list

US National Library of Medicine 
National Institutes of Health

PMC

Help

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/static/header_footer_ajax/submenu/#resources
http://www.ncbi.nlm.nih.gov/static/header_footer_ajax/submenu/#howto
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/#
http://dx.doi.org/10.3389%2Ffnint.2011.00057
http://www.ncbi.nlm.nih.gov/pmc/journals/
http://www.ncbi.nlm.nih.gov/pmc/journals/643/
http://www.ncbi.nlm.nih.gov/pmc/issues/194175/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joel%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/#
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/#
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/#
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/citedby/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/?report=reader
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/?report=reader
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/epub/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/pdf/fnint-05-00057.pdf
http://www.ncbi.nlm.nih.gov/account/?back_url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC3176412%2F
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/#
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=link&linkname=pubmed_pubmed_reviews&uid=21960961&log$=relatedreviews&logdbfrom=pmc
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=21960961&log$=relatedarticles&logdbfrom=pmc
http://www.ncbi.nlm.nih.gov/pubmed/23244600
http://www.ncbi.nlm.nih.gov/pubmed/20889965
http://www.ncbi.nlm.nih.gov/pubmed/10907369
http://www.ncbi.nlm.nih.gov/pubmed/10197813
http://www.ncbi.nlm.nih.gov/pubmed/20538246
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/#
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/citedby/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3584732/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3470704/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/#
http://www.ncbi.nlm.nih.gov/pubmed/21960961/
http://www.ncbi.nlm.nih.gov/pmc/?Db=taxonomy&DbFrom=pmc&Cmd=Link&LinkName=pmc_taxonomy&IdsFromResult=3176412
http://www.ncbi.nlm.nih.gov/pmc/?Db=taxonomy&DbFrom=pmc&cmd=Link&LinkName=pmc_taxonomy&doptcmdl=TxTree&IdsFromResult=3176412
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/#
javascript:historyDisplayState('ClearHT')
javascript:historyDisplayState('HTOff')
http://www.ncbi.nlm.nih.gov/portal/utils/pageresolver.fcgi?recordid=1370109291972931
http://www.ncbi.nlm.nih.gov/pmc/limits/
http://www.ncbi.nlm.nih.gov/pmc/advanced/
http://www.ncbi.nlm.nih.gov/pmc/journals/
http://www.ncbi.nlm.nih.gov/pmc/
http://www.nlm.nih.gov/
http://www.nih.gov/
http://www.ncbi.nlm.nih.gov/books/NBK3825/


6/1/13 8:10 PMMale or Female? Brains are Intersex

Page 2 of 17http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176412/

The last two decades have seen a resurgence of interest in the
ancient question of whether men and women are fundamentally
different. Books like You Just Don’t Understand, by Tannen
(1990) and Men from Mars, Women from Venus, by Gray (1992),
present men and women as fundamentally different. More recent
books discuss fundamental differences between the brains of
boys/men and girls/women (e.g., The Female Brain by
Brizendine, 2006, Why Gender Matters by Sax, 2005; Boys and
Girls Learn Differently, by Gurian and Henley, 2001), and call
for action on the basis of such differences (e.g., single-sex
education). The underlying assumption in these publications, as
well as in scientific papers on sex differences in the brain (e.g.,
Baron-Cohen et al., 2005; Cahill, 2006), is that human brains
can take one of two forms, male or female, and that the
differences between these two forms underlie differences
between boys and girls, men and women, in personality,
cognition, emotion, and behavior.

Sex differences in brain structure are indeed well documented.
There are sex differences in the size of the brain and of specific
brain regions, and in composition of neurons, neurotransmitter
content, morphology of dendrites, number of receptors, etc. (for
recent reviews see Cahill, 2006; Cosgrove et al., 2007; McCarthy,
2009; Rhodes et al., 2009; Sakuma, 2009; Lenroot and Giedd,
2010; I will use the term brain characteristics to refer to all the
characteristics of the brain that may show a sex difference). Yet,
the idea that sex differences in the brain lead to sex differences in
behavior and cognition has been challenged by several authors
on various grounds, including lack of consistency in the literature
on sex differences in brain structure; the difficulty to find a
simple relation between a sex difference in brain structure and a
sex difference in function; demonstrations that some sex
differences in brain structure serve to prevent, rather than cause,
sex differences in behavior and cognition; and the possibility that
sex differences in the adult brain may be the result of sex
differences in life experience (e.g., Byne et al., 1988; Rogers,
2001; Fitch and Bimonte, 2002; De Vries, 2004; Hines, 2004;
Vidal, 2005; Cahill, 2006; de Vries and Sodersten, 2009; Rhodes
et al., 2009; Jordan-Young, 2010). However, most of these
authors also adhere to the view that anatomically, human brains
can take one of two forms, “male” or “female.”

The present paper questions this latter view. More specifically,
this paper examines the implicit assumption that the fact that
many brain characteristics show sex differences means that

See more...
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human brains can take only one of two forms, “male” or “female.”
The latter will be true only if there is a high degree of match
between the “male”/”female” form of all of the brain
characteristics in a single brain. Below I review data on sex
differences in brain structure and on the influence of
environmental events on such differences, and conclude that a
perfect match between the “male/female” type of all brain
characteristics in a given brain is highly unlikely.

There are only a few brain characteristics for which the term
sexually dimorphic, which literally means having two forms, is
appropriate, that is, for which there is minimal or no overlap
between the form of this characteristic in males and females (e.g.,
the size of the sexually dimorphic nucleus of the preoptic area,
which is three to eight times larger in male rats compared to
female rats, Swaab, 1995). For most documented sex differences
in the brain, however, and in particular in regions involved in
behavior, emotion, and cognition, there is a considerable overlap
between the distributions of the two sexes (Juraska, 1991;
McCarthy and Konkle, 2005; Cosgrove et al., 2007; Koscik et al.,
2009; Lenroot and Giedd, 2010). It follows, that individuals may
have the “female” or the “male” form for any of these non-
dimorphic characteristics. The question then becomes whether
the brain of a given individual is homogenous or heterogeneous
with respect to the “male/female” type of its different brain
characteristics .

Current data on the effects of environmental events on brain
structure strongly suggest that heterogeneity in the
“male/female” type of an individual’s brain characteristics is the
rule, rather than the exception. Specifically, prenatal and
postnatal manipulations (e.g., exposing dams to stress, maternal
separation, rearing conditions, early handling, acute and chronic
postnatal stress, prenatal exposure to psychoactive drugs,
anesthesia) have been shown in rats to reverse, abolish, create, or
exaggerate sex differences in brain characteristics. For example,
Shors et al. (2001) found that exposure of adult rats to acute
stress (a) reversed a sex difference in the density of the apical
dendritic spines of pyramidal neurons in area CA1 of the
hippocampus (see Figure 1A for illustration); (b) led to the
emergence of a sex difference in the density of basal dendritic
spines in CA1 (Figure 1B); and (c) had no effect on the density of
dendritic spines in the somatosensory cortex (Figure 1C).

Figure 1
Illustration of the effects of acute stress on

1
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sex differences in density of dendritic spines.
Illustrations of (A,B) the density of the apical (A)
and basal (B) dendritic spines on pyramidal neurons
in CA1, and (C) the density of dendritic spines in ...

Reversal, abolishment, creation, and exaggeration of sex
differences in brain structure following environmental
manipulations are well documented. Such effects were
demonstrated in various brain regions, including the frontal and
occipital cortex, hippocampus and related cortical areas,
amygdala, cerebellum, brain stem, hypothalamus and corpus
callosum; for several neurotransmitter systems, including the
glutamatergic, GABAergic, serotonergic, dopaminergic,
noradrenergic, and endocannabinoid; and for many brain
characteristics, including size, number of neurons, number of
glia cells, dendritic morphology, number and size of axons, and
density of receptors (e.g., Juraska, 1991; Vathy and Katay, 1992;
McCormick et al., 1995; Galea et al., 1997; Vathy, 2001, 2002;
Mitsushima et al., 2003; Drossopoulou et al., 2004; Richardson
et al., 2006; Wilber et al., 2007; Rothstein et al., 2008; Zuena et
al., 2008; Fumagalli et al., 2009; Garrett and Wellman, 2009;
Lin et al., 2009; McLaughlin et al., 2009; Oomen et al., 2009;
Reich et al., 2009; Rhodes et al., 2009; Suarez et al., 2009;
Viveros et al., 2009). As in Shors et al. (2001), also in these
studies the same manipulation often has different effects on the
“male/female” type of different brain characteristics, changing
the “male/female” type of some characteristics but not others,
thus creating an heterogeneous mosaic of “male” and “female”
brain characteristics. Moreover, because different manipulations
may result in different changes to the brain’s mosaic [e.g.,
chronic and acute stress have the same sex-dependent effects on
some brain characteristics but different sex-dependent effects on
other characteristics (e.g., Lin et al., 2009 who show this within a
single study)], the “male/female” brain mosaic can take different
forms that are not aligned on a continuum between a “male
brain” and a “female brain.”

We can thus conclude that sex interacts with other factors to
determine the structure of the brain (for a similar conclusion see
Rogers, 2001; Hines, 2004), and that these interactions are
complex. The result is therefore a multi-morphic, rather than a
dimorphic, brain, that is, different individuals will have different
combinations of “male” and “female” brain characteristics. In
this sense brains are neither “male” nor “female,” they are
“intersex” [intersex refers to individuals for whom the match
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between the different levels of biological sex (genetic, gonadal,
hormonal, and genital) is not perfect (e.g., a person with male
chromosomes (XY), male gonads (testes), and female external
genitalia, as in complete androgen insensitivity syndrome), or the
form of one or more sex characteristics is intermediate between
the male and female forms (e.g., ambiguous genitalia), Blackless
et al., 2000].

In claiming that brains do not have sex (i.e., that brains cannot
be divided into “male” brains and “female” brains ), I do not
claim that we cannot predict one’s sex on the basis of the
structure of his/her brain. The latter would be possible with
accuracy above chance if the “male”/”female” form of a sufficient
number of non-dimorphic sex differences were known (although
it would be much more accurate and easy to predict one’s sex
according to the form of his/her external genitalia). We are
discussing here the reverse problem, that is, whether we can
predict the structure of one’s brain on the basis of one’s sex. The
findings reviewed here lead to the conclusion that although we
can predict that on average, females will have more brain
characteristics with the “female” form than with the “male” form
and vice versa for males, we cannot predict the particular array of
“male/female” brain characteristics of an individual on the basis
of her/his sex (consult for example Figure 1A – knowledge of
both sex and recent history regarding exposure to stress is
necessary to predict the density of apical dendritic spines on
pyramidal neurons in CA1). Yet it is the specific details of a brain
mosaic which determine that brain’s function. This is because
information processing in the brain depends on networks
comprising of many brain regions, and because different
functions involve different networks. Therefore whether two
individuals are similar or not depends on the similarity in the
details of their brain mosaic and on the specific function we are
interested in, and not on the mere number of “male” and
“female” characteristics .

Indeed, decades of psychological research on sex differences have
led to the conclusion that although we live in a highly gendered
world there are hardly any differences between men and women
on most psychological characteristics (e.g., cognitive abilities,
personality traits). Even in the few domains in which consistent
sex differences are found, the size of the difference is small and
there is considerable overlap between the distributions of the two
sexes (for review see, Feingold, 1994; Halpern, 1997; Hyde,
2005). Moreover, although it was once believed that the various
psychological characteristics and behaviors that do show sex

2
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differences contribute to a single Masculinity–Femininity
continuum on which individuals may be positioned, it is now
accepted that individuals possess a complicated array of
masculine and feminine characteristics (personality traits,
attitudes, interests, and behaviors) that cannot be captured using
a uni-dimensional (Masculinity–Femininity) or a bi-dimensional
(High-Masculinity/Low-Masculinity ×High-Femininity/Low-
Femininity) model of gender (Spence, 1993; Koestner and Aube,
1995; Egan and Perry, 2001; it is noteworthy that Whalen
reached a similar conclusion already in 1974 on the basis of his
studies on the hormonal control of the sexual differentiation of
behavior in rats, and contrasted his “orthogonal model of
differentiation” with the linear model of differentiation which has
been prevailing since Phoenix et al. published their work in 1959;
Whalen, 1974; Phoenix et al., 1959). The current view of
Masculinity and Femininity is the psychological parallel of the
anatomical view presented here, namely, that although many
brain characteristics show sex differences, the brains of men and
women consist of an heterogeneous “male/female” mosaic that
cannot be aligned on a continuum between a “male brain” and a
“female brain.”

More recently, functional imaging studies comparing brain
activity in women and men have attempted to distinguish
between a “male” and a “female” type of information processing
in the brain. However, despite reports of sex differences in
imaging studies, different studies of the same task rarely report
the same sex differences in brain activity (e.g., Ihnen et al., 2009;
Kaiser et al., 2009; Domes et al., 2010). This lack of convergence
on a unitary model of how male and female brains might
function differently has been attributed to a number of factors
including small sample size, differences in the details of the tasks
used and in the data processing procedures in different studies,
as well as sex differences in task performance and in the
cognitive strategies employed (e.g., Haut and Barch, 2006;
Plante et al., 2006; Harrington and Farias, 2008; Ihnen et al.,
2009; Kaiser et al., 2009; Domes et al., 2010). What these
explanations have in common is the assumption that the brains
of men and women are different, and that the failures to find
consistent sex differences reflect false negative errors. I, in
contrast, argue that the failures to find consistent sex differences
reflect false positive errors. In other words, I suggest that sex
differences found in a single study are a result of comparing two
samples randomly drawn from a single heterogeneous
population of brains (each brain being a different “male/female”
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mosaic), rather than the result of comparing two samples, one
randomly drawn from a population of “male” brains and the
other from a population of “female” brains.

There is at least one area, however, where sex seems to play an
important role, and this area is neuro- and psychopathology.
There are sex differences in the prevalence, course, and response
to treatment of different neuropsychiatric disorders (e.g., Cahill,
2006). Although clearly social and cultural factors contribute to
sex differences in neuro/psychopathology, biological factors play
an important role. In the context of sex differences in the brain,
sex differences in neuropsychiatric disorders have been
attributed to sex differences in the structure of the normal brain
(e.g., Baron-Cohen et al., 2005; Cahill, 2006; Cosgrove et al.,
2007; Rhodes et al., 2009; Lenroot and Giedd, 2010). The
mosaic hypothesis, in contrast, attributes sex differences in
neuro/psychopathology to sex differences in the direction of
change in the brain mosaic following specific environmental
events. To give a very simplistic example, if high spine density in
area X is related to proneness to develop depression, and if acute
stress is found to increase spine density in this area in females
but decrease it in males, then we can predict that females would
be more prone to develop depression following acute stress than
males, even if there is no sex difference in this brain
characteristic in the population. It follows that the fact that there
is a sex difference in the prevalence of a disorder (e.g., autism)
does not necessarily mean that this pathology reflects an extreme
of the normal (e.g., male) brain (as posited for example by the
“extreme male brain” theory, Baron-Cohen et al., 2005).

The suggested conceptualization, which holds that sex affects the
direction of change one’s brain may take in response to specific
events and therefore the likelihood of such events to lead to
specific neuropsychiatric disorders, may be viewed as part of a
more general attempt to study gene–environment interactions in
psychiatry. It is now widely accepted that the same
environmental event may have different consequences in
different individuals because of differences in their genetic
background (e.g., Reiss and Neiderhiser, 2000; Fumagalli et al.,
2007; Shepard et al., 2009; Rutter, 2010). The present
discussion suggests that sex may be modulating some of these
gene–environment interactions. An example to this principle
may be found in the recent demonstration in a transgenic mouse
model of Alzheimer’s disease that stress significantly increased
parameters of b-amyloidosis in females but not in males (Devi et
al., 2010).
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A Concluding Remark

Evidence that the structure of the brain is responsive to pre- and
post-natal manipulations and that these may affect sex
differences in brain structure is not new (e.g., Juraska, 1991). It
has also been noted that sexual differentiation may progress
independently in different brain tissues thus enabling genetically
and environmentally induced variation in sexual differentiation
of different tissues within a single brain (e.g., Simerly, 2002;
Hines, 2004; Arnold, 2009; McCarthy et al. 2009; Sakuma
2009). Yet these effects have typically been treated as increasing
variability in brain structure and thus obscuring sex differences
(e.g., Juraska 1991). I would like to stress that I claim that there
is no “true dimorphism” that is obscured by genetically and
environmentally induced variability. There are no “true” “male”
and “female” brains out there to discover. The true nature of the
brain is that its form is highly variable. This variability is created
by the interaction of genes (on sex chromosomes and on
autosomal chromosomes), hormones (gonadal and others) and
environment, in utero and throughout life.
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Footnotes

It is noteworthy that the fact that some brain characteristics show
dimorphic sex differences whereas others show non-dimorphic sex
differences already entails that a considerable number of individuals will
have a heterogeneous brain. For example, a female with one or more non-
dimorphic brain characteristics with a “male” type and dimorphic brain
characteristics with a “female” type. But I make here even a stronger
statement. I argue that heterogeneity is the rule in the relations between
the different non-dimorphic brain characteristics.

One can avoid the problem of the multiple forms the brain can take and
differentiate between a “male” brain and a “female” brain by restricting the
determination of the brain’s sex to the morphology of the most dimorphic
brain regions. In humans, however, there will still be individuals with an
intersex brain even according to this conservative definition, because in
humans there is some overlap between the sexes even for the most
dimorphic brain characteristics (Allen and Gorski, 1990; Swaab, 1995;
Byne et al., 2000; Cordero et al., 2000; Kruijver et al., 2000; Chung et al.,
2002; Garcia-Falgueras and Swaab, 2008). A more serious problem to this
solution, however, is the fact that the dimorphic regions of the brain are
involved mainly in the regulation of reproduction (McCarthy and Konkle,
2005), whereas most interest in a “male” and a “female” brain focuses on
sex differences in behavior, cognition, emotion, personality, etc. The brain
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regions that are involved in these higher functions (e.g., cortex,
hippocampus, amygdala) show non-dimorphic sex differences, and are
thus arranged in a heterogeneous “male/female” mosaic.

In this paper I use a distinction between a “male” and a “female” form of
brain characteristics in order to make the point that the brain is an
heterogeneous “male/female” mosaic. However, the fact that most sex
differences are non-dimorphic and that the existence and direction of sex
differences depends on environmental events raises the question re how
do we determine what is the “male” and what is the “female” form of a
given characteristic? This problem is intensified by the fact that changes in
brain structure also occur as a result of normal development and aging,
and they do not always have the same course in the two sexes. In the
human brain, sex differences in the rate of change have been reported at
different levels of organization including the size of the whole brain
(Lenroot and Giedd, 2010), the size of specific brain regions (e.g.,
hippocampus, Bouix et al., 2005), the number of specific types of neurons
(e.g., corticotrophin releasing hormone neurons in the hypothalamus, Bao
and Swaab, 2007), and the functioning of specific neurotransmitter
systems (e.g., dopaminergic, Rhodes et al., 2009). As a result, whether
there is a sex difference and its direction depend on the age at which
measurements are made (Lenroot and Giedd, 2010). Moreover, in females
the form of some brain characteristics is modulated by gonadal hormones
and thus fluctuates regularly (McCarthy and Konkle, 2005). I therefore
recommend that we start referring to measures of the brain in quantitative
ways, using ordinal or interval scales, rather than in qualitative ways, using
nominal scales (e.g., “male,” “female”).
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