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What makes a man a man and a woman a woman? A 
simple answer to this question is no longer appropri-
ate now that a deeper look into the underpinnings of 

gender has revealed a complex interplay of neural, hormonal, 
and genetic factors, which, along with social expectations, 
determine whether you see yourself as a woman or a man. 

“It’s no longer a matter of whether or not you have a 
penis,” said sex researcher Milton Diamond, Ph.D., who 
directs the University of Hawaii’s Pacific Center for Sex 
and Society. “For gender, it’s not what’s between your legs 
that’s important, but what’s between your ears.” 

In fact the latest findings in neuroscience suggest gender 
identity may be engraved in the brain prenatally, regard-
less of how puberty unfolds. These findings, along with 
hormonal and surgical treatments aimed at turning one sex 
into the other (and the patients who request them), raise 
a number of thorny biological and ethical questions with 
which endocrinologists increasingly must wrestle.

Some of those questions reached center stage recently, 
when the International Olympic Committee (IOC) subjected 
South African runner Caster Semenya to sex testing, the 
results of which are pending. The runner is rumored to have, 
as well as female genitalia, undescended testes, which provide 
her with three times the normal female level of testosterone. 

Boys Will Be Boys 
Gone are the days when infants were 

assumed to come into this world with a 
blank gender identity slate. This naïve 

view, promoted in the 1970s by the late 
John Money, Ph.D., at Johns Hopkins Uni-

versity, Baltimore, Md., led many endocrinol-
ogists and pediatricians to advocate raising 

as girls infants with missing or defective sex 
organs, or those with both male and female 

sex organs. Physicians could surgically create a vagina easier 
than a penis, and they assumed that even children with the 
sexually distinctive Y chromosome would easily adapt to the 
female gender role if they were treated like girls. 

That approach backfired 20 years later, when Dr. Money 
learned that his own poster child for gender identity mal-

leability had never accepted the female role his parents 
and doctors assigned to him after a botched circumcision 
as an infant left him without a penis. Despite also having 
his testicles removed, receiving female hormones, and be-
ing raised as a girl with no knowledge that he started life 
as a boy, this person insisted that “she” was a boy during 
childhood, going to the extreme of ripping off any dresses 
put on him and insisting on urinating standing up. As an 
adult, he reclaimed his male identity, with the aid of trans-
sexual hormonal and surgical treatments.

Studies of XY chromosome children with missing genitalia 
due to cloacal exstrophies or penile ablations have added to 
the anecdotal reports that some boys will be boys regardless 
of whether they have the appropriate sexual apparatus. 
Due to Dr. Money’s influence, most of these chromosom-
ally male children were routinely raised as girls, but by 
adulthood about half reverted to being male. Presumably, 
even more might have opted to switch if not for parental 
or other pressures. One person waited until “she” was 52 
and both “her” parents were dead before changing genders. 
Studies consistently found that whether or not a gender 
switch was made, most XY “girls” showed stereotypical 
male behaviors from the beginning, such as playing with 
toy trucks rather than dolls. 

In contrast, studies of XY individuals with complete 
androgen insensitivity syndrome who were raised as girls 
reveal that the vast majority are comfortable with their 
gender assignment, presumably because the same lack of 
androgen receptors that prevented development of a penis, 
descended testicles, and other male features, also prevented 
androgens from masculinizing their brains. 

Complementary research on XX girls with congenital 
adrenal hyperplasia revealed that the earlier in gestation 
the fetus was exposed to excess androgen, the more mas-
culinized the girl became. Those masculine features weren’t 
limited to penis-like clitorises and fused labia that resembled 
scrotums. These chromosomal females were also more likely 
to have homosexual fantasies and to have levels of aggres-
sion and spatial visualizing abilities more typical of males.

All these gender-switching incidents have given research-
ers the opportunity to study the prenatal hormonal effects 
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on human gender identity and seem to confirm what animal 
and genetic studies had been revealing: Male prenatal hor-
mones have a masculinizing effect on the brain. Conversely, 
the absence of those hormones leads to the female brain. 
Studies over the past 50 years in rodents, deer, and primates 
have consistently found that androgens made prenatally 
by chromosomal males trigger irreversible brain changes, 
producing stereotypical male behavior and mating habits. 

His and Her Brains
Searching for physical evi-

dence of gender-determining 
brain changes in humans, Dick 
Swaab, M.D., PhD., and his 
colleagues in the Netherlands 
showed that adult male and 
female brains have differing 
topographies in the hypothala-
mus and adjacent areas, and that 
adult transsexuals who denote 
themselves as females, despite 

having male genitalia at birth, have brain 
topography more like that of typical females than of typical 
males. The one female-to-male transsexual these researchers 
studied had hypothalamus topography typical of males. 

By including post-menopausal women and castrated males 
in their studies, these scientists claimed that the brain differ-
ences they detected were not due to the effects of currently 
circulating hormones; prior hormonal treatment might have 
caused the differences. In addition, few individuals were stud-
ied by Dr. Swaab and his colleagues, and their findings have 
yet to be confirmed. However, complementing the findings 
are functional brain differences seen by other researchers in 
male-to-female transsexuals whose brain activation patterns 
in response to sniffing an estrogen-based pheromone found 
in sweat more resembled those of women.

“The gender-determining factor is the peak in fetal 
testosterone and the reaction to that by the brain,” said 
Dr. Swaab, who directs the Netherlands Institute for Brain 
Research, and is a professor at the University of Amsterdam. 

He noted that genitalia develop during the first trimester 
of pregnancy, whereas sexual differentiation of the brain 
doesn’t start until the second half, with some brain features 
that differ between men and women, such as the stria termi-
nalis, not fully developing until early adulthood. Although 
in most people the brain’s sexual differentiation follows the 
same pathway previously set by the genital development, 
Dr. Swaab postulated that gender identity disorders occur 
when a mismatch exists between the two. Supporting this 
theory are findings that most transsexuals in adulthood 
report strong feelings of being in the wrong body from early 
childhood onward.

It is not known exactly what degree of brain changes, if 
any, is needed to tip the balance of gender identity from one 
sex to another. In fact, a continuum of changes might exist 
between identifying as male or female, with some people 
falling in the middle—a sort of grey zone. Dr. Swaab agreed 

that there probably is an identity grey zone, but said he 
suspects the proportion of people in it is small. 

In contrast, Dr. Diamond argued that many belong in the 
grey zone, at least on a molecular level, because thousands 
of genes might be contributing to gender. “Biology loves 
differences, but society hates them,” he said, pointing out 
that society often tries to put people into black-or-white, 
us-or-them categories, rather than accept a multitude of 
variations. “Our society accentuates the differences between 
men and women rather than the similarities,” Dr. Diamond 
stressed. He called for more acceptance of variation in gender 
identity and a recognition that not all newborns, or even 
adults, will fit into pink or blue categories. In agreement 
with this view, an increasing number of hermaphrodites and 
pseudohermaphrodites are adopting the “intersex” label and 
are seeking greater social acceptance for their unique varia-
tions on the gender theme.

Experts also caution against asserting that gender in 
humans could be completely determined prenatally, with 
no social influences. They cite a meta-analysis that found, 
like Dr. Money, only about half of XY individuals with miss-
ing male genitalia who were raised as girls chose to reverse 
their gender. Dr. Diamond believes that prenatal hormonal 
influences create a “bias” toward becoming a specific gender, 
but this is not written in stone because social forces can also 
create strong biases, particularly in societies that don’t ac-
cept gender variations. Asked why more people don’t change 
their sex if they feel their gender identity is at odds with 
their genitalia, Dr. Diamond responded, “They don’t want to 
lose their husbands, parents, kids, or religion. This is not a 
simple decision.” 

Cases of Mistaken Identity
So what’s a physician to do when a child is born with 

ambiguous genitalia or an adult comes to the office claiming 
to be a male stuck in a female’s body, or vice versa? Each year, 
1 in 1,500–2,000 intersex babies with ambiguous genitalia 
are born, according to the Intersex Society of North America. 
Dutch surveys suggest that as many as 3 in 100 adults are 
not comfortable with their gender. 

Pediatricians feel the heat most when parents of children 
whose genitalia are not obviously male or female ask for 
medical help in shaping their child to fit a more socially ac-
ceptable and physically obvious gender category. The latest 
American Academy of Pediatrics (AAP) consensus statement 
on managing intersex disorders stresses preserving female 
fertility and sexual functioning, lowering the malignancy 
risk, and minimizing the need for surgery when making 
gender assignments and 
prescribing treatment. Cos-
metic appearance is low on 
the totem pole of priorities. 
This statement also considers 
the likelihood that individu-
als will be satisfied with their 
assigned genders, based on the 
underlying cause of their intersex 
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conditions, prenatal androgen exposures, and the outcomes 
of the few studies that assess long-term satisfaction with 
gender assignments in intersex individuals. 

Unlike the AAP consensus study, the focus of The Endo-
crine Society’s recent guideline on transsexual treatment was 
children and adults without any known genetic, hormonal, 
intersex, or chromosomal abnormality. These are people whose 
genitalia match their sex but not their psyche. The guideline 
noted that for these people, prenatal androgen exposures 
do not reliably predict gender, nor can current circulating 
levels of sex steroids. The only way to determine if a pa-
tient has the right gender is to assess how the person feels 
about his or her gender. The guideline panel recommended 
gender reassignment only if a patient satisfies the criteria 
set by mental health experts for gender identity disorder. 
These criteria are that the patient strongly identifies more 
with the opposite sex, has persistent discomfort with his or 
her current gender role, and the disturbed sense of gender 
causes the patient to have clinically significant distress or 
impairment in social or work situations.

One telltale sign of gender identity disorder is disgust at 
developing breasts, facial hair, or other sex-distinguishing 
characteristics once puberty ensues. For this reason, as well 
as because of the findings that most children’s dissatisfaction 
with their gender disappears once they enter puberty, the 
panel recommended holding off on sex change treatments 
until after puberty has started. At that point, it recommended 
suppressing puberty with gonadotropin-releasing hormone 
analogs. This will allow delaying the decision to irreversibly 
switch gender until the age of 16, when patients will likely 
be mature enough to make such a life-changing decision, yet 
not so developmentally advanced that transgender treatments 
are unlikely to be completely effective. In many countries, 
16-year-old people are legal adults for medical decisions. The 
guideline recommends, nonetheless, deferring transsexual 
surgery until a patient is at least 18 years of age.

As for the current controversy about defining gender 
for athletic competitions, “From a medical standpoint, per-
sons raised as women should compete with others raised as 
women,” said Wylie Hembree, M.D., of Columbia University 
and chair of the Society’s transsexual treatment panel. This 
advice contrasts with that given by a panel of medical experts 
convened by the IOC, which recommended that athletes who 
identify themselves as women, but have medical disorders that 
blur gender boundaries, should not be allowed to compete as 
women until after their medical disorders are treated with 
hormones or surgery. 

Other experts call for categorical distinctions aimed at 
making athletic competitions fair. These distinctions could 
depend on height, testosterone levels, and several other 
gender-related factors, rather than solely on simple sex 
determinations. Some urge making gender determinations 
based on prenatal factors, such as hormonal effects on the 
brain. Dr. Swaab is currently searching for biomarkers that 
indicate gender identity early in development, which could 
be helpful for this. 

Dr. Hembree believes that what should determine gen-
der in athletic competitions is more of a social or political 
question than a biological one, so any answer to it will 
be somewhat arbitrary. “Biology, as we know it, has not 
evolved based upon a doctrine either of fairness or homo-
geneity,” he said.

Although the IOC's eventual recommendation may solve 
the problem of what to do about athletes like Ms. Semenya, 
it still leaves unanswered the questions, “What makes a 
woman a woman?” and “What makes athletic competitions 
fair?” Until there are answers, treatment of athletes with 
ambiguous gender will be toward an undefined goal—one 
that may actually be a moving target, as more research 
findings file in.  ■

*	 Margie	Patlak	is	a	free-lance	science	writer	living	near	Philadelphia,	Penn.
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