Are brains “gay”?

You have a sexual brain. Right?

Women’s brains are innately different from men’s brains. Right?

Homosexual brains are innately different from heterosexual brains.
Right?

Transgendered brains are innately different from heterosexual
brains. Right?

You're born with these brains, and can’t change them. Right?

Well—we don’t think so. It’s the subject of a continuing scientific
scrap. But this chapter shows that the brain is surprisingly unsexy, and
there’s little argument about it. The clearest conclusion from this chapter
is that the brain is plastic, changeable, and that you are able to change
your brain and your sexual feelings, though this may sometimes take
considerable effort.

We'll try and trace the thinking of scientists about this.

Xand Y chromosomes produce sharp gender differences

The X and Y chromosomes are very different. The X chromosome is very
long and complex, the Y chromosome is short and simple! You would
expect this huge difference to be as strongly reflected in the brain as it is
in physical differences between male and female. Figure 21 shows this
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clear differentiation in male and female bodies, particularly the geni-
talia. Intersex conditions are rare.

The old organizational/activational hypothesis

From the mid 1930’s scientists were able to chemically isolate sex
hormones for the first time and it was clear they had effects on sexual
activity. They also found that in male fetuses but not female, there was
a testosterone surge prenatally, at about week 8-24, and it was supposed
that this created a male brain, different from a female brain. After WWII
the effects of the sex hormones were becoming well known—the mature
sexual behaviours of laboratory animals could be altered by injecting
sex hormones in young ones. Phoenix et al.' summarised findings by
creating the Organizational/Activational Hypothesis in the late ‘50s.
According to this hypothesis, the brain was irreversibly masculinised
by the prenatal testosterone surge, but sexuality was not expressed in
childhood and only become obvious at puberty—when there was a
kind of activation. There was also an activation at puberty for females.

This idea had immense influence on the research that followed, and
at least a thousand papers directly quoted the work. Although the theory

Male (XY) Intersex Female (XX)

Figure 21.Diagrammatic illustration of intersex frequency (data from Wikipedia,
Intersex)
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wasn't established well by the experiments, most scientists believed that
the whole brain was affected by these surges—i.e., was sexy. The theory
still is important today, but the research findings summarised in this
chapter are slowly undermining and supplanting it.

At this time it was thought that the brain was quite statically organ-
ised—for example, a calculating part, always stayed a calculating part—
and any positive change was slow and difficult.

It had long been known from dissections that at birth boy’s brains
tended to be about 5% larger than girl’s brains. This is still well estab-
lished and not controversial. Even then the brain structures appeared
to be very similar, only becoming more dimorphic (differentiated) with
age. Any differences seemed a matter of degree, rather than reflecting
the independent paths of Figure 21, i.e., there was a lot of overlap.

Brain anatomy not strongly gendered

From the mid 1970’, following many dissection studies on post-mortem
material, researchers started to use a technique called MRI (Magnetic
Resonance Imaging). It became possible to see small details in the brain
and make more detailed comparisons, without exposing the subject
to x-rays. Many researchers then began looking for brain differences
between male and female, homosexual and heterosexual and trans-
gendered people.

There was general agreement that the differences between male
and female structures in the brain at birth were not like the clear-cut
differences between male and female genitalia. Whatever brain struc-
ture was examined there was overlap in size; nearly a complete overlap,
as in Figure 22.This result is well established.

Figure 22 is very different from Figure 21.

Figure 23 shows a similar overlap in adult brains. There is less over-
lap for adults than for infants. In other words most gender differentia-
tion in the brain arises after birth into adulthood, not during a prena-
tal testosterone surge.

Figure 24 shows the brain and parts referred to throughout this
chapter.
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Figure 22. Overlap of male and female brain-space volume sizes (ICV) of infant
brains.?

Whole sample

80

70

60

50
3 oy
c c
g g
g 4 g
T8 'S

w
o

N
o

10

0
1000 1200 1400 1600 1800 2000 2200
ICV (ml)

Figure 23. Overlap in ICV volumes for adults. The darkest area is the area of overlap
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The parts usually thought to be associated with gender/ sexuality
are the thalamus, amygdala, and hypothalamus. Research in the *70s
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Figure 24. Brain from the right side

often found sizes (or groups) of features in adult brains that differed
by gender, but this was often not confirmed by repeat surveys using
new datasets. When researchers tied to predict the gender of an adult
brain based on an apparent set of features they frequently got it wrong.
The record high success was 89%.’ There is no argument that predic-
tions from brain features are very fuzzy compared with those from the
chromosomes.

By 2016 the situation was not much better. Major studies contra-
dicted each other. The claimed 89% success rate clashed with findings
from another large study that could find no differences at all. That latter
paper rather controversially concluded,

“...brains do not fall into two classes, one typical of males
and the other typical of females, nor are they aligned along
a male-female brain continuum. Each brain is a unique
mosaic of [male and female] features.”
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Another similar paper concluded,

To date there is no consensus whether sexual dimorphism
exists, or if such differences are caused by differences in...
[instrument] correction methods. °

Another paper,

We do not even know what a female brain is other than
that it is not male.”

So is there really a gendered brain?

Gene studies show gender in the brain is very minor

More evidence accumulated from study of the genes. If there is a very
gendered brain one would expect the genes expressed in the brain to
be quite different for males and females. And one would expect most
of the genes to show the gender effect.

Some researchers studied brains of rats just after birth, during the
critical period for gender differentiation.® Concentrating on the small
parts of the brain which seemed likely to be involved within the hypo-
thalamus, they found a region called the POA, (the Pre Optic Area)
in which only 9% of the genes were differently expressed for male and
female. For the medial basal part of the hypothalamus the figure was
only 0.9%. Other regions had even fewer differences. This seems to say
that almost all of the rat brain is not “sexy” or gendered, and even for
the regions which are, only a small number of genes are different for
male and female. The rat brain is mostly not gendered, and the divi-
sion is not sharp. There is almost no such thing as a “male rat-brain” or
“female rat-brain” and we need to adjust our thinking.

Does this hold for humans?

A parallel to the rat study would require analysing the brains of many
recently deceased babies, so is not done. The best we can do is look at
the brains of just-dead adults’. The work looked at the “sexiness” of
other organs too.

Figure 25 is remarkable because it shows the liver is very strongly
gendered, with more than one third of genes differently activated in
men and women. But it is a puzzle why is it much more gendered than
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Figure 25. The relatively “unsexy” nature of human gene expression in the
adult brain.

the ovary and testis! The leucocytes (blood white cells) are about as
gendered as the hypothalamus—which contrary to expectations was
barely gendered. Genes in the brain, even in the hypothalamus, are not
strongly gendered.

This undermines the whole idea of a sexual brain, and shows our
universal tendency to over-sexualise many things. Yes, the brain is sexy,
but only slightly sexy.

What of the future? Probably in line with the frequent finding of
multiple pathways for development of sexual behaviours we will find
smaller than expected contributions from gendered parts of the brain
but also input from prenatal environment, hormones, birth,post-na-
tal hormones, maternal socialisation, puberty, and sexual experiences.

Given that it is so hard to distinguish a male brain from a female
brain, it is an unproductive exercise to look for differences between
homosexual and heterosexual brains. There have been many papers
on intrinsic homosexual/heterosexual brain differences but there is no
agreement on a clear differentiating feature—even though this type of
research is nearly half a century old. This also holds true for transgen-
dered brains. The adult brains of homosexuals and transgendered people
are reflecting many years of exposure to environmental influences which
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almost certainly confuse outcomes. For example, as we shall see, even
intense and prolonged thinking about sexual matters changes the brain.

The work comparing homosexual and heterosexual brains has
reached a kind of stalemate; a meta review by Byne and Parsons in
1993' concluded that there was much confusion and little which agreed
universally. All agreed however that there was a lot of overlap and differ-
ences were nothing like what might have been expected from the sharp
differences between X and Y chromosomes in cells.

Reviewing the whole controversial and poorly replicated field, Byne
later doubted whether there was even a specifically male organisation
of the brain," partly because some individual males with extremely low
levels of testosterone were completely male and performing sexually as
males in spite of it.

Some researchers claim to have found some differences—again not
sharp—between transgendered and heterosexual brains, concluding
that male to female transsexuals tended to have female brain features.
But other researchers have found no differences between male to female
transsexual brains and heterosexual male brains. As Byne said 20 years
ago (and there has been no change):

No presumed sexually dimorphic cognitive or behavio-
ral brain function has been shown to be independent of
learning and experience."

Current thinking on hormone influences in humans

It is now known that the original early testosterone surge in human
males is only the first of four (as it is in rats). There is a second one in
the last nine weeks of pregnancy, a third in the first six months after
birth," and of course the one at puberty.'*'> The latter three last much
longer than the first one, and may well be predominant influences. If the
postnatal surge is blocked in experimental animals the subsequent male
behavior is badly affected and this is a current hot topic of research.®"

The neuroscientists observe that the largest anatomical changes
making brains sexually dimorphic (though it takes an expert to tell) are
during puberty'® and the longer the hormonal exposure the greater the
differentiation. They believe puberty is only one of the factors in devel-
opment of male and female and not merely an activation of a previously
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existing state as held by the organisational activation hypothesis. As
summarised by Kauffman:'

most identified sex differences in the brain and behavior
are produced under the influence of postnatal sex steroid
signaling

and

Sex differences in the brain are not an inherent emergent
property, but are instead largely determined by extrinsic
factors’

which being interpreted, means most brain sex differences depend
on circumstances after birth, not before. In other words the social envi-
ronment could be strongly contributing.

Neuroscientists no longer believe that the brain is once-for-all
completely organised in a male way during pregnancy, or that brain
structure is rigid and unchanging. Authors of about 15 papers in the
last decade have independently concurred:

...our current knowledge of sex-based neurobiology has
outgrown this simplistic model. Multiple lines of research
have contributed to this conclusion.'®

Biochemical male/female differences in
young rats depend on environment

We now look at recent research showing that male/female brain differ-
entiation in rats is strongly influenced by the environment, particularly
by maternal grooming. This probably has implications for human brain
development.

This work on rats by the University of Virginia School of Medicine"
is important. Researchers couldn’t find any male/female biochemical
differences in fetal rat brains during all of pregnancy, in the places where
they expected them—the amygdala, pre-optic area and hypothalamus.
Instead there was a huge male/female difference (30%) in the cortex and
hippocampus a few days before birth, as measured by epigenetic mark-
ers (see Chapter One). The differences in the cortex and hippocampus
seem to lead to male or female processing and memory differences—let’s
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call them different thinking styles. But many of the markers dropped
back to the same levels in both males and females in the first six days
after birth, i.e., the difference dropped from 30% to zero. This doesn’t
seem to reflect a permanent differentiation between male and female
brain structures. However, the 30% male/female difference in a few other
markers remained different in males and females after birth.

So, there are some real biochemical differences in rat brains between
male and female,.

But these pale into insignificance compared with effects on sexu-
ality caused by the environment—especially maternal grooming which
we look at now.

Maternal interaction and grooming

Maternal interaction with the newborn rats has a profound effect on
the structure of the brain and later full heterosexual orientation. Even
rats need their mothers! If rats are deliberately brought up with mothers
absent, in an echo of the devastating effects of complete maternal depri-
vation on children described in Chapter Three, neither rat sex develops
full heterosexual orientation but behaves in stunted male and female
ways' and their brains are observably anatomically and biochemically
different from maternally groomed rats. The absence of the mother has
led to brain changes.

With this clue from the rats it is probably not surprising that insti-
tutionalised children (who have had no mothering) have difficulties in
later opposite-sex relationships (see Chapter Three).

The early prenatal, the late prenatal, the early postnatal and puber-
tal testosterone/estrogen surges were not enough on their own to fully
sexually program the rats. They also needed maternal presence and
grooming. Similarly hormonal surges were not enough on their own to
fully gender-program the brains of institutionalised children who had
no mothering. (Though later nurture can help reverse early damage
(see Chapter One).

Earwigs brought up in isolation are unable to provide good mater-
nal care? and male fruitflies bought up alone, show various behaviour
disturbances including a notable increase in same-sex behavior.?!



136 MY GENES MADE ME DO IT

Brain development points to strong environment input

When a baby is born, its brain is only one third of the size of the adult
brain,? and many of the neural connections are only established in the
first three years through the stimulation and exercise which babies
receive. This proceeds with extraordinary intensity; after only one year
the brain is already 70% of adult size. At the point of peak formation of
neural paths this corresponds to two million fresh connections every
second.

This leads to two other brief arguments in favour of an environ-
mentally-based sexuality.

One: If only about one third of the neurons in the adult brain are
present at birth, and the form and structure of the remaining 66% that
develop depend heavily on learning, experience, exercise and behav-
iour, then we might conclude that about one third of brain structure is
biologically fixed and two thirds is the result of environmental interac-
tion. We could further argue that because the child experiences so little
in the womb in comparison with the bombardment of stimuli he or she
begins to receive after birth, the environmental contribution to brain
microstructure is in fact, even at a conservative estimate, much closer
to 90%. (This roughly approximates the 90% environmental and 10%
biological contributions to sexuality proposed throughout this book.)

Two: The DNA in all 23 pairs of chromosomes in a single fertil-
ised cell is three billion rungs long (See Chapter One), but there are
200,000 billion synapses or neuron junctions in the brain. Even if each
rung coded for one junction (which it doesn’t, see Chapter One) all the
rungs together could only specify about one junction in 66,000!* The
rest would have to rely on cues from the wider environment. DNA can
only specify a negligibly small fraction of neuronal details.

Brain plasticity

It is fair to say the brain, but particularly the immature brain, is like a
computer which is constantly reprogramming itself, but including genu-
inely random actions as well. Particularly in children, neurons fire at
random, and if that neural path is reinforced through experiences the
path becomes fairly permanent, though not set in concrete. If it is not
reinforced, the path becomes hard to excite, and eventually its neurons
get pruned. Extensive stimulation is needed or pathways do not develop,
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and some periods are more important for certain kinds of stimulation
than others. For example, if a child is deprived of light to the eyes in a
critical early period, it develops childhood cataracts and becomes blind.
Ifan adult is deprived of light for a few weeks, no such damage happens.”

Similarly, if a Japanese child does not hear the difference between
“I” and “r” sounds in speech they will find it hard as an adult to hear any
difference, or to pronounce those letters differently, but even so, enough
concentrated practice will slowly change that.

The size of the brain does not change after age five but lots of inter-
nal structural change occurs in both sexes.**

The maturation of the brain happens in many cycles of neuronal
growth and pruning. The last of these cycles is in the early twenties, and
cycles can vary from a few months to several years.”

For each growth cycle, experiences reinforce some of the neuronal
pathways and the rest get pruned. One consequence of this is the impor-
tant lesson, Don’t take too much notice of assertions about sexual orienta-
tion in adolescence. Change is still happening. For any adolescent reading
this—don’t prematurely label yourself as SSA, you will probably change!
Changes in adolescence are described in detail in Chapter Twelve.

Changes also take place in the adult brain, particularly with train-
ing. Monkey experiments have shown that artificial exercise of three
digits on the hand increases the area of the brain associated with those
fingers and decreases the other regions proportionately.”’

Violinists have a grossly enlarged area of the brain devoted to the
fingers of their left hands which routinely get much use. Non-jugglers
who learn a juggling routine for three months produce observable small
changes in the small- scale structure of the brain, and these changes can
also be reversed if juggling stops.?

Importantly, mental rehearsal of some physical skills can be almost
as effective as the real thing. Thinking about something changes your
brain. One of several examples is internet addiction. It does not involve
new physical skills but mainly brain activity, however it causes detecta-
ble changes in the grey matter of the brain.” Now consider: how many
times do most people think about sexual activities? How much brain
change would you expect? Breedlove showed that sexual experience
altered neuronal size in rats by 15-20%. Sex, probably even thinking
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about sex, alters the brain. As does addictive viewing of internet porn*
which has more effect on brain structure and activity than actual sex.

London taxi drivers have an enlarged area of the brain dealing with
navigation. Is this innate? No. London bus drivers on set routes did
not have this enlarged area, and after retirement of the taxi drivers, the
brain area involved diminished.” Taxi-drivers were not born that way,
but developed the brain area through huge amounts of navigation and
learning, and only maintained it through constant use.

Childbirth changes the brain. Neuroimaging shows the brain in
mothers is younger than for childless peers, but it is not clear whether
this “baby brain” complaint of new mothers, results from playing with
children, or birth trauma, but one might have expected an older brain
in mothers from all the stresses!”

One amazing story from Berlin describes a patient with a brain
tumour who was operated on progressively over 18 months. Researchers
were able to show that the main centres controlling limb movement
migrated within the brain through self-reprogramming, so that although
the surgery removed some of the former control sites the patient was
able to maintain movement skills.”

We change our brains at the micro-level through the way we
exercise, and anything we do repetitively especially if associated with
pleasure, e.g., sexual activity. So, even if researchers eventually do find
real differences in the brains of homosexual people compared with
heterosexual, they could well be the result of their homosexual activity,
not the cause of it.

There is now a lot of clear evidence that environmental factors
alter the brain. Early stress in rats causes many visible changes in their
brains.” Huge stress creating Post Traumatic Stress Disorder in humans,
causes changes in the brain part called the frontal-limbic system.*
Another researcher finds that stress and maltreatment in childhood
cause changes in the corpus callosum, left neocortex, hippocampus,
and amygdala.’® Most of these changes are atrophy of the affected parts.

Perhaps most relevant to the present subject (though it needs repli-
cation) is the discovery that sexual abuse of girls causes age-specific
brain changes. If it is at ages 9-10 the change is to the corpus callosum,
if at 14-16 the frontal cortex is affected.”

Sexual experience affects the brain—no surprise!
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The brain that changes itself

We strongly recommend the book by Doidge: The Brain that Changes
Itself*® This remarkable but very accessible work describes the over-
throw of 20th century beliefs about the unchanging nature of the brain.
The brain can change a huge amount, very encouraging news to anyone
who is stuck in any habitual behaviour.

Doidge gives numerous illustrations of the brain’s plasticity. One
is about people who get intense pain in phantom limbs which “remain”
after amputation. There is no longer any physical reason for the pain,
except within the brain itself. About half the patients were able to get
relief from, e.g., cramp in a phantom limb, merely by intensely imag-
ining over a long time that the imaginary limb was in a different posi-
tion. In other words imagination changed the brain’s perception of pain.
He describes how intense exercises targeting weakly performing areas
of the brain can make differences which seem almost miraculous, and
how any vigorous training causes changes in the observed microstruc-
ture of the brain. The level of training needed to make the changes was
tiring and extended.

Doidge emphasised the neurological principle coined by well-known
neuropsychologist, Hebb: Neurons which fire together wire together. By
deduction, in human sexuality, this means that if something non-sex-
ual is often associated with sexual arousal it will tend to become part
of it. In brain maps genital response regions lie alongside the response
region for feet, and Doidge wonders if this might relate to sexual fetishes
involving feet. (And could it explain the Victorian ankle fetish?) It also
becomes reasonable to deduce that, e.g., if intense emotional focus on
someone of the same sex is triggered together with sexual excitement,
and frequently repeated it could become homosexuality.

Brain plasticity means it is not unreasonable to expect that homo-
sexuals could become more heterosexual.

Doidge shows that although various skills and behaviours are
organised in distinct brain regions the micro-details (or “brainmap”)
are dynamic and changing on a day-to-day basis. If one part of the
brain is suddenly not used, the areas around it quickly start to recruit
these unused brain pathways for other purposes, reprogram them and
use them, e.g., parts of the brain involved in the functioning of a lost
limb can be re-purposed; parts of the brain used in a now-discarded
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skill can be recruited for another very different skill. Doidge sums up
the extraordinary plasticity of the brain with the words, Use it or Lose
it. (Or we could say, use it and grow it.)

Sometimes the loss seems permanent—a childhood language can
get completely lost, though “fossil” inaccessible or forgotten language
has been found in the brain, and the person has no conscious memory
of it. Sometimes it is partial—a musician may find it hard to retrieve
accurately a difficult musical piece after some years. But it will return
quickly if practised again. Some development windows in early life may
even re-open in adulthood given the right circumstances.””

Even if part of the brain is strongly associated with a particular
sexuality it should be possible to change it. Stopping a sexual activity
and avoiding sexual stimulation, while giving oneself to another absorb-
ing brain activity for months, e.g., thoroughly mastering a musical
instrument, would lead to a diminishing of the intensity of that sexual
response. Months is about the time-scale of first significant change. That
can be true for learning a musical instrument too! But detectable struc-
tural change for some activities can happen in as little as two hours.*®

It could be expected—though this is not mentioned by Doidge—
that any brain structures associated with sexual activity would be much
changed in those very elderly people for whom such activity has long
ceased. MRI scans already show declines in brain activation in response
to erotic stimuli in middle age compared to younger ages.”

Doidge’s conclusion about sexuality is that human libido is not a
hard-wired invariable biological urge, but can be curiously fickle, easily
altered by our psychology and the history of our sexual encounters
and “It’s a use-it-or-lose-it brain, even where sexual desire and love are
concerned.” This would apply both to same-sex attraction and oppo-
site-sex attraction.

If we train hard enough, an activity can become automatic and we
pay it less conscious attention. Details of driving, throwing a ball, read-
ing, even tying shoelaces, don’t and often can't demand full attention.
Martial arts experts strive to reach this level of automatic response,
because there is no time in a fight to work out the best counter-attack.
It is also particularly true of playing a musical instrument. Many of the
basic techniques like chords, scales and arpeggios, are so deeply learned
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that we don't think about the details and indeed can't if the music is
fast. Doidge says this degree of training alters brains so much that after
death the brain of a musician is uniquely different from other brains.

Studies show that we make decisions, e.g., to move an arm, a frac-
tion of a second before they are conscious. We have delegated even some
of our decision-making to unconscious levels. This does not mean free-
will is an illusion, but that we have trained ourselves to the point that
the response is ingrained and automatic; part of us is now a well-func-
tioning machine.

In the same way it can seem that sexual orientation is so deeply
embedded that it is innate. But, really, it is no more innate than any
complex skill we have spent a long time developing. From what we now
know about the brain, it is possible to reprogram it by changing our
thinking, fantasies and behaviour. It may take several years of intense
effort but our sexuality is not dictated by our brains—instead our brains
can begin to reflect changes in the way we live.

Summary

Scientists have not been able to find clear structural differences between
the brains of boys and girls at birth except size. At that stage of life their
properties and functions and behaviours overlap almost entirely. Male
and female behaviours—let alone homosexuality and heterosexuality—
are not hard-wired into the brain at birth.

Mother-child interactions after birth influence the brain struc-
ture and future sexual orientation. This means early hormonal effects
on the brain are far from inevitable. In fact, only one third of the brain
is formed in a new-born child; the rest is developed through learning
and experience (environmental input).

There is strong evidence that very little of the brain is actually “sexy,’
and, e.g., the liver is much more so. Male/female differences are gener-
ally much smaller than expected.

Many early attempts (in the nineties) to find male/female, hetero-
sexual/homosexual differences in adult brains based on size of structures
gave contradictory results. Where differences appeared to exist, further
studies failed to reproduce them, or they could be attributed to influences
in the environment. There is no well-established method for correctly
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differentiating adult male and female brains, let alone homosexual or
transgendered brains.

We can be confident that any replicable male/female differences
found in adult brains (or between “homosexual” and “heterosexual”
brains), will have been shaped largely by learning and behaviour.

What learning and experiences do to the brain is not set in concrete.
The dynamic nature of brain connections, means that new neuronal
pathways can be formed and old ones reshaped. Intensive exercise, train-
ing or imagination changes the brain microstructure.

We are not victims of our biology or the experiences which shape
the detail of our brain. Anatomy is not destiny; change is always possi-
ble. The brain is plastic and is in a constant state of change. Indeed the
question is rather: what change is not possible?

We are not saying that the structure of the brain you were born with
has no effect. It has. It can be profound. But that structure can also be
profoundly changed, and we don’t yet know the limits. They are prob-
ably sky-high.

References

1. Phoenix C, Goy R, Gerall A, Young W. Organizing action of prenatally administered
testosterone propionate on the tissues mediating mating behavior in the female guinea
pig. Endocrinology. 1959;65:369-382

2. Gilmore], Lin W, Prastawa M, et al. Regional Gray Matter Growth, Sexual Dimorphism,
and Cerebral Asymmetry in the Neonatal Brain. J Neurosci. 2007;27(6):1255-1260.
doi:doi: 10.1523/J]NEUROSCI.3339-06.2007

3. Wang L, Shen H, Tang E Zang Y, Hu D. Combined structural and resting-state
functional MRI analysis of sexual dimorphism in the young adult human brain: An
MVPA approach. Neuroimage. 2012;61(4):931-940

4. de Lange AG, Kaufmann T, van der Meer D, Maglanoc LA, Alnas D, Moberget T,
Douaud G, Andreassen OA, Westlye, LT. Population-based neuroimaging reveals
traces of childbirth in the maternal brain. Proceedings of the National Academy of
Sciences, USA. 2019; 116(44): 22341-22346.

5. Joel D. Male or Female? Brains are Intersex. Frontiers in Integrative Neuroscience.
2011;5:57

6.  Pintzka C, Hansen T, Evensmoen H, Haberg A. Marked effects of intracranial volume
correction methods on sex differences in neuroanatomical structures: a HUNT MRI
study. Frontiers of Neuroscience. 2015;9:238. doi:10.3389/ fnins.2015.00238

7. McCarthy M, Wright C, Schwarz J. New tricks by an old dogma: Mechanisms of the
Organizational / Activational hypothesis of steroid-mediated sexual differentiation of
brain and behavior. Hormones and Behavior. 2009;55(5):655-665



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Are brains ‘gay”? 143

Gagnidze K, Pfaff D, Mong J. Gene expression in neuroendocrine cells during the
critical period for sexual differentiation of the brain. Progress in Brain Research.
2010;186:97-111

Cederroth C, Pitetti ], Papaioannou M, Nef S. Genetic programs that regulate testicular
and ovarian development. Molecular and Cellular Endocrinology. 2007;265-266:3-9
Byne W, Parsons B. Human sexual orientation. The biologic theories reappraised.
Archives of General Psychiatry. 1993;50:228-239

Byne W. Developmental endocrine influences on gender identity: Implications
for management of disorders of sex development. Mt Sinai Journal of Medicine.
2006;73:950-959

Byne W. Science and belief: Psychobiological research on sexual orientation. Journal of
Homosexuality. 1995;30:303-344

ClarksonJ, BusbyE, Kirilov M, Schutz G, Sherwood N, Herbison A. Sexual Differentiation
of the Brain Requires Perinatal Kisspeptin-GnRH Neuron Signaling. Journal of
Neuroscience. 2014;34(46):15297-15305. doi:10.1523/ INEUROSCI.3061-14.2014
Garcia-Falgueras A, Swaab D. Sexual hormones and the brain: An essential alliance for
sexual identity and sexual orientation. Endocrine Development. 2010;17:22-35

Hines M. Early androgen influences on human neural and behavioural development.
Early Human Development. 2008;84:805-807

Neufang S, Specht K, Hausmann M, et al. Sex differences and the impact of steroid
hormones on the developing human brain. Cerebral Cortex. 2009;19(2):464-473
Kauffman A. Sexual differentiation and the Kiss1 system: hormonal and developmental
considerations. Peptides. 2009;30(1):83-93

Reinius B. Sexually Dimorphic Gene Expression in the Mammalian Brain. 2011.
Available at: uu.diva-portal.org accessed 22:Feb-2012

Tsai H, Grant P, Rissman E. Sex differences in histone modifications in the neonatal
mouse brain. Epigenetics. 2009;4(1):47-53

Anonymous. Earwigs raised without parents demonstrate limited maternal care of their
own offspring: Lack of brood care has a short-term advantage but is disadvantageous
in long-term transgenerational effects—ScienceDaily. 2015. Available at: http://www.
sciencedaily.com/releases/2015/11/151116112309. htm. Accessed November 16, 2015
Anonymous. Socialization alters fruit fly sexuality-ScienceDaily. 2016. Available
at:  https://www.sciencedaily.com/releases/2016/02/160217091406.htm. ~ Accessed
February 18, 2016

Koch C. Computation and the single neuron. Nature. 1997;385:207-210

Kandel E, Hawkins R. The biological basis of learning and individuality. Scientific
American. 1992;267(3):53-60

Durston S, Hulshoft Pol H, Casey B, Giedd J, Buitelaar ], van Engeland H. Anatomical
MRI of the developing human brain: what have we learned? Journal of the American
Academy of Child and Adolescent Psychiatry. 2001;40:1012-1020

Barry R, Clarke A, McCarthy R, Selikowitz M, Johnstone S, Rushby J. Age and gender
effects in EEG coherence: I. Developmental trends in normal children. Clinical
Neurophysiology. 2004;115(10):2252-2258

Draganski B, Gaser C, Busch V, Schuierer G, Bogadahn U, May A. Neuroplasticity:
changes in grey matter induced by training. Nature. 2004;427:311-312

Zhou Y, Lin E Du Y, et al. Gray matter abnormalities in Internet addiction: A voxel-
based morphometry study. European Journal of Radiology. 2011;79(1):92-95

Brand M, Snagowski J, Laier C, Maderwald S. Ventral striatum activity when watching
preferred pornographic pictures is correlated with symptoms of Internet pornography
addiction. Neuroimage. 2016;129:224-32. doi:10.1016/j.neuroimage.2016.01.033



144

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

MY GENES MADE ME DO IT

Maguire E, Woollett K, Spiers H. London taxi drivers and bus drivers: a structural MRI
and neuropsychological analysis. Hippocampus. 2006;16(12):1091-1101

Takahashi S, Jussen D, Vajkoczy P, Picht T. Plastic relocation of motor cortex in a
patient with LGG (low grade glioma) confirmed by NBS (navigated brain stimulation).
Acta Neurochirugica. 2012;154(11):2003-2008

Mandyam C, Crawford E, Eisch A, Rivier C, Richardson H. Stress experienced in utero
reduces sexual dichotomies in neurogenesis, microenvironment, and cell death in the
adult rat hippocampus. Developments in Neurobiology. 2008;68(5):575-589

Leonard C, Towler S, Welcome S, et al. Size matters: cerebral volume influences sex
differences in neuroanatomy. Cerebral Cortex. 2008;18(12):2920-2931

Teicher M, Andersen S, Polcari A, Anderson C, Navalta C, Kim D. The neurobiological
consequences of early stress and childhood maltreatment. Neuroscience and
Biobehavioral Reviews. 2003;27(1-2):33-44

Mehta M, Golembo N, Nosarti C, et al. Amygdala, hippocampal and corpus callosum
size following severe early institutional deprivation: The English and Romanian
Adoptees Study Pilot. Journal of Child Psychology and Psychiatry. 2009;50(8):943-951
Andersen S, Tomada A, Vincow E, Valente E, Polcari A, Teicher M. Preliminary
evidence for sensitive periods in the effect of childhood sexual abuse on regional brain
development. Journal of Neuropsychiatry and Clinical Neuroscience. 2008;20(3):292—
301

Doidge N. The Brain that Changes Itself. London, UK: Penguin; 2007

Davidson R, McEwen B. Social influences on neuroplasticity: stress and interventions
to promote well-being. Nature Neuroscience. 2012;15(5):689- 695

Johansen-Berg H, Baptista C, Thomas A. Human structural plasticity at record speed.
Neuron. 2012;73(6):1058-1060

Seo Y, Jeong B, Kim J, Choi J. The relationship between age and brain response to
visual erotic stimuli in healthy heterosexual males. International Journal of Impotence
Research. 2010;22(4):234-239



