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V I I

In August 1991, when I was a neuroscientist working at the 
Salk Institute for Biological Studies in San Diego, I pub-

lished a short research paper in the journal Science. The article 
was titled “A difference in hypothalamic structure between het-
erosexual and homosexual men.” It attracted a great deal of  
interest from the media, the general public, and the scientifi c 
community, and it helped trigger a wave of  new research into an 
age-old question: What makes people straight or gay?

The hypothalamus* is a small region at the base of  the brain 
that helps regulate several of  our instinctual drives, including 

I N T RO D U C T I O N

-

* Most technical terms are italicized at fi rst mention and are defi ned in 

the Glossary, starting on page 297.
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our sex drive. In my study, I took specimens of  the hypothala-
mus from men and women who had died and were undergoing 
autopsy. About half  of  the men were gay. I focused on a region 
at the front of  the hypothalamus that is known to be involved 
in regulating the sexual behaviors typically shown by males. 
Within this region lies a rice-grain-sized collection of  nerve 
cells named INAH3, which is usually larger in men than in 
women. I confi rmed this basic sex difference. In addition, how-
ever, I found that INAH3 was signifi cantly smaller, on average, 
in the gay men than in the straight men. In fact, there was no 
difference in size between INAH3 in the gay men and the 
women in my sample. I interpreted this fi nding as a clue that 
biological processes of  brain development may infl uence a man’s 
sexual orientation.

I was certainly not the fi rst person to have thought about 
sexual orientation from a biological perspective. A hundred 
years ago, a German physician and sex researcher, Magnus 
Hirschfeld, proposed that brain development followed different 
paths in fetuses destined to become gay adults and those des-
tined to become straight. Just a year before I published my study, 
a Dutch group reported that another cluster of  cells in the 
hypothalamus, the suprachiasmatic nucleus, also differed in size 
between gay and straight men. And, during the mid 1980s, psy-
chiatrist Richard Pillard of  Boston University had reported 
evidence that homosexuality clustered in certain families, raising 
the possibility that genes running in those families might be 
infl uencing the sexual orientation of  family members.
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But my report differed in signifi cant respects from most ear-
lier ones. For one thing, by studying a brain region that is known 
to help regulate our sexuality I was, perhaps, cutting closer to the 
heart of  the matter than earlier studies had done. Also, many of  
the earlier studies had talked about homosexuality as if  it was an 
abnormality or problem, while heterosexuality was something so 
normal that it barely needed to be mentioned. The Dutch 
researchers, for example, had titled their study “An enlarged 
suprachiasmatic nucleus in homosexual men”—as if  gay men 
had some kind of  pathological swelling or tumor in that part of  
their brains. I doubt that the Dutch researchers actually thought 
about the matter in that way. Still, by titling their study as they 
did they fostered a point of  view that has been all too prevalent 
over the years—a point of  view that could be summarized in the 
question: What’s wrong with gay people?

There’s nothing wrong with gay people. I’m gay myself, and 
happy to be so. There are some differences between us and the rest 
of  humanity, certainly, as I’ll discuss in this book. Some of these 
differences are trivial, and some may infl uence people’s lives in 
interesting ways, making being gay or straight more than just a 
matter of  “who we love.” But pathology doesn’t come into it.

Whatever the exact reason, my 1991 study received a lot 
more attention from the media, and from the public at large, 
than had earlier studies. On the day of  publication, most of  the 
leading U.S. newspapers carried front-page stories about it. 
Because I was home-town talent, the San Diego Union-Tribune 
actually gave my report top billing, relegating what was probably 
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a more signifi cant news item on that day—the collapse of  the 
Soviet Union—to a humbler position on the page. 

Gay people reacted more favorably to my report than they 
had done to earlier studies. Some gay academics did exhibit a 
certain hostility—I recall psychologist John De Cecco of  San 
Francisco State University denouncing it as “another example 
of  medical homophobia” in a television interview. More com-
monly, though, gay people told me that my fi nding validated 
their own sense of  being “born gay” or being intrinsically dif-
ferent from straight people. This they perceived as a good thing, 
because people with anti-gay attitudes often portray homosexu-
ality as a lifestyle or a choice that people make—and by 
implication a bad choice.

My own position is this: The scientifi c knowledge currently 
available does bolster the idea that gays and lesbians are distinct 
“kinds” of  people who are entitled to protection from discrim-
ination, especially by governments, rather in the same way that 
racial minorities are. But I also believe that there would be plenty 
of  reasons why gay people should be accepted and valued by 
society, even if  being gay were proven to be an outright choice.

I wrote extensively about the social implications of  this kind 
of  research in my earlier book, Queer Science,1† so I will not revisit 
that theme here, except for a few closing remarks. Rather, my 
intent in the present book is simply to give some idea of  where 
the science stands today, 19 years after my Science paper appeared.

† Endnotes begin on page 309, and consist of  literature references only.
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That paper was followed by a welter of  new research. Not 
by myself, because I left my position at the Salk Institute in 
1992. Since then, I have occupied myself  as a writer and teacher, 
but I have maintained a close interest in the fi eld that I had 
worked in. Much of  the new research has been done by a younger 
generation of  scientists—neuroscientists, endocrinologists, 
geneticists, and cognitive psychologists—in laboratories across 
the United States, in Canada, Britain, and several European 
countries. 

My study, and the publicity it generated, helped trigger much 
of  this new work, but it certainly wasn’t the whole inspiration. 
Richard Pillard, for example, along with psychologist Michael 
Bailey of  Northwestern University, published an important 
genetic study on sexual orientation in late 1991, just a few 
months after my Science paper appeared. Their study had been 
completed before my paper came out and was in no way infl u-
enced by it. Pillard and Bailey’s work led to further studies by 
their own research groups, and it helped draw molecular geneti-
cists and other specialists into the fi eld.

Taken together, the multitude of  research studies published 
since 1991 have greatly strengthened the idea that biological 
factors play a signifi cant role in the development of  sexual ori-
entation—in both men and in women. More than that, they 
tend to bolster a particular kind of  biological theory. This is the 
idea that the origins of  sexual orientation are to be sought in the 
interactions between sex hormones and the developing brain. 
These interactions are what predispose our developing minds 
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toward some degree of  “masculinity” or “femininity.” In other 
words, this theory places sexual orientation within the larger 
framework of  gender—the collection of  psychological traits that 
differ between the male and female sexes—but gender as seen 
from a very biological perspective.

The idea that the interaction between sex hormones and the 
fetal brain might be an important factor in the development of  
sexual orientation is not new. In fact, Magnus Hirschfeld sug-
gested as much in the early 20th century. But now there is evidence, 
and that evidence is what much of  this book is about.

The fi rst chapter of  the book discusses the meaning of  terms 
like sexual orientation, homosexual, bisexual, heterosexual, gay, and straight, 
and it reviews what we know about the prevalence of  different 
sexual orientations, both in contemporary Western society and 
across cultures and historical periods. It also examines how 
stable a person’s sexual orientation is over her or his lifetime. My 
conclusion from this review will be that sexual orientation is 
indeed a fairly stable aspect of  human nature, and that straight, 
gay, and bisexual people have existed across many, perhaps all, 
cultures. This suggests that biological factors common to all 
humanity could be responsible for the emergence of  individuals 
with different sexual orientations. Nevertheless, this review also 
makes clear that we need to think somewhat differently about 
sexual orientation in men and in women, and that cultural forces 
greatly infl uence how homosexuality is expressed in different 
societies and across the span of  history. There are limits, in other 
words, to what we may hope to explain with biological ideas.
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The second chapter is a brief  review of nonbiological theories of  
sexual orientation. These include traditional Freudian theories that 
focus on parent–child relationships, as well as behaviorist ideas 
that see a person’s sexual orientation as the end-product of a learn-
ing process. The chapter will also consider the idea, espoused by 
some Christian conservatives as well as by a few gay activists, that 
a person’s sexual orientation is the result of a conscious and volun-
tary choice. I’ll conclude that all such theories fail to adequately 
explain the diversity in people’s sexual orientation. This failure 
makes the search for biological factors all the more compelling.

Chapter 3 lays out the skeleton of  a biological theory of  sexual 
orientation. It describes what we know about other aspects of  
sexual development and how they are regulated: by a cascade-like 
sequence of  interactions between genes, sex hormones, and the 
cells of  the developing body and brain. These processes don’t go 
forward in complete isolation from the outside world—there is 
the potential for interactions between internal biological pro-
grams and environmental factors, and such interactions likely 
increase as development goes on. As a result of  genetic differences 
between individuals, as well as the random variability of  biologi-
cal processes and perhaps feedback effects from the environment, 
these biological processes go forward differently in different indi-
viduals, leading to diversity in sexual orientation. I lay out how 
these ideas will be tested in the remaining chapters of  the book.

Chapter 4 asks: Are there differences between gay and 
straight people when they are still children—that is, before their 
sexual orientation becomes apparent to themselves or others? 
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The answer is: Yes, there are. Retrospective studies, as well as 
prospective studies that follow children through to adulthood, 
are in agreement: Children who eventually become gay are dif-
ferent, at least on average, from those who become straight. 
Pre-gay children are, to a variable extent, atypical or noncon-
formist in a number of  gender-related traits, meaning that these 
traits are shifted toward the norms for the other sex, as com-
pared with children who grow up to become straight. The 
differences are not necessarily as marked as some popular ste-
reotypes would suggest. Still, they do indicate that sexual 
orientation is infl uenced by factors operating early in life. And 
because there is evidence that biological factors infl uence these 
gendered childhood traits, the fi nding that pre-gay children are 
gender-nonconformist in these traits is very consistent with a 
biological model of  sexual orientation.

What about adulthood? Even though many gender-noncon-
formist children grow up into gay adults, they often become 
more gender-conformist in the process. Nevertheless, as will be 
discussed in Chapter 5, psychologists have amassed a great deal 
of  evidence about psychological differences between gay and 
straight adults. Most, although not all, of  these differences con-
cern traits that typically differ between men and women, and the 
differences are usually such that gay people are shifted toward the 
other sex, compared with heterosexual individuals of  their own 
sex. It is diffi cult to explain these shifts in gay people as the result 
of  being gay. Rather, it seems likely that they refl ect differences 
in the early sexual development of  the brain, differences that 
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affect a “package” of  gendered psychological traits including 
sexual orientation.

Chapter 6 investigates the role of  sex hormones in the devel-
opment of  sexual orientation. I review experiments in which 
researchers have artifi cially manipulated the sex hormone levels 
of  animals during development. This manipulation can cause 
animals that would otherwise have become heterosexual to mate 
preferentially with animals of  their own sex. Although such 
experiments cannot be undertaken in humans, there are “experi-
ments of  nature” that accomplish something similar. There are 
also observations on certain anatomical markers, such as fi nger 
lengths, that say something about the hormonal environment to 
which gay and straight people were exposed before birth. From 
these studies we can conclude that, in humans as in animals, a 
whole variety of  gendered traits including sexual orientation are 
infl uenced by sex hormone levels during development. The 
strength of  this infl uence, however, is still somewhat uncertain.

In Chapter 7, I discuss the evidence that a person’s genetic 
endowment infl uences her or his ultimate sexual orientation. 
Much of  this evidence comes from family and twin studies: 
These studies indicate that genes exert a signifi cant, although not 
all-dominating infl uence on sexual orientation. Many efforts are 
being made to track down the actual genes involved, but the 
results so far are only suggestive. There is one species, the fruit 
fl y Drosophila melanogaster, in which the genetics of  sexual orienta-
tion has already been elucidated in considerable detail. I briefl y 
review this work in order to give an idea of  what could possibly 
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be achieved in humans in the future. Lastly, I consider how it 
might be that genes predisposing to homosexuality persist in the 
population even though gay people have relatively few children. 
It turns out that robust mechanisms are capable of  keeping such 
genes in circulation.

In Chapter 8, I turn to my own area of  expertise, the brain. 
Several studies, including my own study on INAH3, point to 
structural differences between the brains of  gay and straight 
men. Similar differences have been recently described in one 
animal species—sheep—in which individual males prefer to 
mate exclusively with females or with other males. The brains of  
gay people don’t just look different from those of  straight 
people; they function differently, too. The chapter will review a 
range of  functional studies, including one that reports on dif-
ferent activity patterns in the hypothalamus of  gay and straight 
people when these people are exposed to odors that are thought 
to act as human sex pheromones (chemical signals produced by one 
individual that infl uence the sexual behavior of  another).

The bodies of  gay and straight people are not obviously 
different—if  they were, telling them apart would be much easier 
than it is. Still, as Chapter 9 will describe, there have been reports 
of  subtle anatomical differences. These include differences in the 
proportions of  the limbs and trunk. Some studies have reported 
that the bodies of  gay men and women are less symmetrical 
than those of  their straight peers, but closer analysis throws 
some doubt on this claim. There do seem to be differences in the 
lateralization (or sidedness) of  brain structure and function. 
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There are also subtle but objectively detectable differences in 
unconscious behaviors such as walking style and voice quality. 
Recognizing these subtleties is the basis of  gaydar—the some-
times fallible sense of  whether a person one meets is gay or 
straight.

Chapter 10 discusses an intriguing fi nding by a Canadian 
research group: A boy’s birth order in his family affects his likeli-
hood of  becoming a gay man. This effect of  birth order is quite 
small, but it has been observed in many different populations. 
Birth order effects are usually explained in terms of  the different 
ways that parents treat early-born and later-born children, but 
the Canadian researchers have produced evidence that the cause 
in this case is something quite different, namely biological inter-
actions between pregnant women and their fetuses.

The fi nal chapter represents my attempt to draw the various 
lines of  evidence together into a coherent theory of  sexual ori-
entation. I will argue that the same processes that are involved 
in the biological development of  our bodies and brains as male 
or female are also involved in the development of  sexual orienta-
tion. Nevertheless, I also emphasize our inability to explain in 
any precise way why any particular individual becomes gay or 
straight, let alone bisexual. Much remains to be discovered, and 
I point to various promising directions for future research.
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Sexual orientation has to do with the sex of  our preferred sex 
partners. More specifi cally, it is the trait that predisposes us 

to experience sexual attraction to people of  the same sex as 
ourselves (homosexual, gay, or lesbian* ), to persons of  the other sex 
(heterosexual or straight), or to both sexes (bisexual ). In this chapter, 
I explore the implications of  this defi nition.

* I use “homosexual” and “gay” interchangeably, but the two terms 

have different connotations. “Homosexual” has the fl avor of  a label applied 

to a set of  people; “gay” is the self-chosen identifi er that has largely replaced 

it. I also used “gay woman” and “lesbian” interchangeably; some other writ-

ers have drawn distinctions between the two terms or have entirely rejected 

the term “gay” as applied to women.

O N E

-

What Is Sexual Orientation?
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CRITERIA FOR SEXUAL ORIENTATION

We usually judge sexual orientation based on a person’s sexual 
attraction to men and to women—that is, on her or his feelings—as 
expressed in answers to direct questions such as “Are you sexually 
attracted to men, to women, or to both men and women?” The 
question doesn’t refer to the interviewees’ feelings of  sexual attrac-
tion at the very instant of  being asked, of  course, but to their 
tendency or predisposition to experience such feelings over some 
extended period of  time, perhaps over their entire adult life.

In some studies, such as the pioneering work of  Alfred 
Kinsey in the 1940s and 1950s, sexual behavior has been taken 
into account—that is, the extent to which a person actually has 
sexual contacts with men or women. The problem with that 
approach is that sexual behavior is infl uenced by many factors 
that have nothing to do with one’s basic sexual feelings and that 
are changeable over time. Is a woman in prison a lesbian simply 
because she has sex with the women she is locked up with? 
Probably not. Is a man straight simply because he follows his 
church’s teaching to “be fruitful and multiply”? Probably not.

The factors that infl uence the choice of  actual sex partners 
include the availability of  partners, the person’s moral sense, the 
desire to conform or have children, curiosity, fi nancial incentives 
(e.g., prostitution), and so on. It’s true that, on occasion, actions 
may speak louder than words—as for example when a self-
declared heterosexual man is observed seeking sexual contacts in 
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men’s toilets. Still, by and large, we do best to listen to what 
people tell us about their sexual feelings.

Sexual attraction may not be a single, unitary phenomenon. 
There is physical attraction, meaning the desire to engage in actual 
sexual contact, and romantic or emotional attraction, which is a desire 
for psychological union that need not always be expressed in 
sexual contact.

Romantic attraction shades off  into forms of  close friend-
ship that are not explicitly sexual. In 18th-century Europe, for 
example, it was quite common for “heterosexual” men to write 
letters to each other so laden with intimate sentiments as to leave 
a modern reader in no doubt that the two men were passionately 
in love. “My dear Heinrich,” wrote the novelist Jean Paul to his 
friend Friedrich Heinrich Jacobi, “do tell me once again when 
the opportunity occurs that you love me. Like the young girl I 
want to hear that repeated, if  not trillions then millions of  times 
. . . ” And Jacobi replied in kind: “I feel that exactly the same as 
you, that a friend should love his friend as the woman loves the 
man, the lover the loved one.”1 Yet both of  these men married 
women, and there is no particular reason to think that either of  
them desired to have sexual contacts with men.

It’s very possible that some such men would have been bisex-
ual or gay in a more liberated environment. But it’s also relevant 
that, in those times, there was little awareness or discussion of  
homosexuality. In that atmosphere, heterosexual men and 
women may have been freer than they are today to feel and 
express intimacy with persons of  the same sex—there was 
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simply no suspicion that such intimacy represented a sexual 
bond. At any rate, because of  the “fuzzy edges” of  romantic 
attraction, many researchers consider physical attraction to be 
the more reliable criterion for sexual orientation.

As another alternative to feelings or behavior, researchers 
sometimes use arousal as a criterion for sexual orientation. Sexual 
arousal means “being turned on” sexually: It is the temporary 
state of  excitement that a person may experience in the presence 
of  an attractive partner or while viewing erotic images, or while 
imagining or engaging in actual sexual contacts. One way to 
measure arousal is to monitor genital responses in the laboratory. 
For men, this can involve a device placed around the penis that 
measures the degree and rate of  penile erection during, say, the 
viewing of  erotic images. For women, it can involve an analo-
gous device that measures color changes in the wall of  the vagina 
as it becomes engorged with blood during sexual excitement. 
Such genital arousal phenomena are probably closely related to 
physical attraction, in men at least, and measuring them may 
circumvent any reluctance of  the person to speak frankly about 
his or her feelings. For that reason, genital measures are some-
times used to assay the sexual feelings of  child molesters. 
Monitoring genital arousal is too time-consuming and intrusive 
to be of  widespread use in sex research, but I will mention a few 
studies that use these techniques.

An inner, psychological state of  sexual arousal precedes and 
accompanies genital arousal, or may occur without any genital 
arousal. Some researchers ask subjects to estimate their degree of  
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sexual arousal while viewing various kinds of  potentially arous-
ing images or videos—by pushing or pulling a lever, for example. 
Others have attempted to access psychological arousal by the use 
of  functional brain imaging techniques, and I will describe their 
fi ndings in Chapter 8. In theory, perhaps, a subject’s sexual ori-
entation could be assessed by such techniques in the absence of  
any cooperation on his or her part. The effi cacy of  brain scanners 
as “lie detectors” is unproven, however, and the attempt to use 
scanners for this purpose is ethically questionable.

In short, the low-tech method of  assessing people’s 
sexual orientation—simply asking them about their feelings 
of  sexual attraction to men and to women—is the best method 
for most purposes.

SEXUAL ORIENTATION IN MEN 
AND WOMEN

As sketched in Figure 1.1, we can think about sexual orientation 
in men and women in two alternative ways. The usual terminol-
ogy of  sexual orientation—heterosexual, bisexual, and homo-
sexual—emphasizes the equivalence of  sexual orientation in the 
two sexes. In both men and women, heterosexuality means 
attraction to the other sex, homosexuality means attraction to 
the same sex, and bisexuality means attraction to both sexes. 
This usage makes sense culturally, because in both sexes, hetero-
sexuals are the majority, the people who are commonly perceived 



as “normal,” and in both sexes, homosexuals (and perhaps bisex-
uals) are a small and often stigmatized minority.

But does this usage make sense when we are trying to 
understand causation? In other words, should we be looking for 
similar causes that propel both men and women toward hetero-
sexuality, and similar causes that propel both men and women 
toward homosexuality? 

One can certainly construct developmental models that 
work the same way in both sexes. Here are a couple of  hypo-
thetical examples. In one, we could imagine that the develop-
ment of  heterosexuality involves a psychological process in early 
life by which we fi rst establish a sense of  our own sex as male 
or female, and then exclude people of  this sex from the realm 
of  attractive sex partners. Thus, we are left with people of  the 

Figure 1.1 Alternative conceptions of  sexual orientation.

Gynephilic

Androphilic

Straight

Gay

Males
attracted to
females

Males
attracted to
males

Females
attracted to
males

Females
attracted to
females
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other sex as potential objects of  attraction. Both male and female 
homosexuality, in this model, could result when children 
identify themselves as belonging to the other sex than the one 
to which they belong anatomically. In a second, equally hypo-
thetical model one could suggest that heterosexuality results 
from a “conformist” trait that causes both men and women to 
accept the cultural norms for their sex, while homosexuality 
results from a “rebellious” trait that causes both males and 
females to reject those norms. In either model, a single process 
or trait would explain the development of  homosexuality in 
both sexes.

In contrast with such ideas, one can also emphasize the 
equivalence of  heterosexuality in men and homosexuality in 
women—because, after all, both are defi ned by sexual attraction 
to women. Similarly, heterosexuality in women is in a sense equiv-
alent to homosexuality in men—both are defi ned by sexual 
attraction to men. Sex researchers sometimes use special terms 
when they want to emphasize this way of  looking at things: 
gynephilic (woman-loving) when referring to straight men and gay 
women, and androphilic (man-loving) when referring to straight 
women and gay men.† 

† The terms androphilic and gynephilic are usually understood to mean 

attraction specifi cally to adult males or females, whereas homosexual and het-

erosexual defi ne attraction to same- or opposite-sex persons without regard 

to those persons’ age. This distinction is not particularly relevant to the theme 

of  this book, which does not focus on sexual attraction to children.



8 S  G AY,  S T R A I G H T,  A N D  T H E  R E A S O N  W H Y

It’s just as easy to construct developmental models that fi t in 
with this point of  view. For example, one could speculate that a 
certain gene mediates sexual attraction to the look, voice, smell, 
or behavior of  women, and that this gene is switched on in 
straight men and gay women, but switched off  (or absent) in 
straight women and gay men. And vice versa for a gene mediat-
ing attraction to the look, voice, smell, or behavior of  men. 
Another hypothetical model of  this kind might invoke the 
rewarding effect of  sexual pleasure as a causal agent, so that 
(regardless of  one’s own sex), one becomes permanently ori-
ented toward the sex of  the partner with whom one fi rst has sex. 
Thus, people who initially happen to have sex with females 
become gynephilic (straight men and gay women), and those 
who initially have sex with males become androphilic (straight 
women and gay men). I hasten to add that I don’t actually believe 
this model, but it is one that has been put forward in the past to 
explain the development of  sexual orientation, particularly 
homosexuality, as we’ll see in Chapter 2.

It’s also possible to construct hybrid models that 
incorporate elements of  both kinds of  models just described. 
But the general point is this: We need to be careful not to 
assume that the same processes necessarily cause homosexual-
ity (or heterosexuality) in both sexes. It is quite possible that 
a single factor might promote homosexuality in one sex and 
heterosexuality in the other—or indeed that the factors infl u-
encing sexual orientation are completely unrelated in the two 
sexes.
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STABILITY OF SEXUAL ORIENTATION

Calling it a trait implies that sexual orientation is stable over 
time. Obviously, most of  us believe that sexual orientation is 
stable, because we use terms like “a lesbian” or “a straight man” 
to describe individuals. This usage wouldn’t make much sense 
unless sexual orientation was a reasonably durable attribute.

It’s the stability of  our attractions that we’re discussing here. 
If  we considered actual behavior, then volatility would be the rule 
for plenty of  people. On the basis of  her behavior, actress Anne 
Heche has switched sexual orientation at least twice—once in 
1997 when she took up with Ellen DeGeneres, and again 3 
years later when she abandoned that relationship and started 
dating cameraman Coleman Laffoon. But without interviewing 
Heche about her feelings it’s impossible to make any judgment 
about what happened to the underlying direction of  her sexual 
attractions over that period.

Surprisingly few studies have actually followed people over 
time to see whether their sexual orientation remains the same or 
changes. In one report published in 2003, researchers at the 
University of  Otago in New Zealand took advantage of  a lon-
gitudinal study of  men and women who were all born in the 
same town in 1972 and 1973.2 These people were interviewed 
about their sexuality when they were 21 years old, and again 
when they were 26. At the age of  21, 443 of  the 448 men in 
the study (99%) reported exclusive or near-exclusive attraction 
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to women. Of  these “heterosexual” men, only three (less 
than 1%) reported any signifi cant attraction to men at the age 
of  26. Similarly, of  the 430 women, 422 (98%) reported exclu-
sive or near-exclusive attraction to men, and of  these “hetero-
sexual” women only six (1.4%) reported signifi cant attraction 
to women at the age of  26. In other words, an initial hetero-
sexual orientation was nearly always stable over a period of  
5 years. Of  the fi ve men who were “non-heterosexual” (bisexual 
or homosexual) at age 21, four remained so at age 26. Of  the 
eight non-heterosexual women, however, only three remained so 
5 years later.

This latter fi nding could be taken to suggest that the sexual 
orientation of  non-heterosexual young women is quite unstable, 
but the sample size was too small to draw any fi rm conclusion. 
Another study, by psychologist Lisa Diamond of  the University 
of  Utah, focused specifi cally on 89 young women whose sexual 
attractions were non-heterosexual at the start of  the study.3 
When reinterviewed 10 years later, all but eight of  these women 
were still non-heterosexual. There were often more subtle shifts 
within the broad category of  “non-heterosexual,” however, and 
there were more changes in the labels that the women applied to 
themselves than in the actual direction of  their attractions.

It seems fair to conclude from these and other studies that 
people’s basic sexual orientation doesn’t commonly undergo 
major shifts. This is in line with most people’s perception 
that it’s appropriate to label people as straight, bisexual, or gay/
lesbian. Nevertheless, many women are capable of  experiencing 
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sexual attractions other than those predicted by their underlying 
sexual orientation.

It does sometimes happen that men and women “come out” 
as gay or lesbian later in life—in their 40s, 50s, or even later—
often after many years of  heterosexual marriage. I have met quite 
a number of  such people, and in discussing their life histories 
with them I have been struck by a major difference between the 
sexes. The men regularly say that that they were aware of  same-
sex attraction throughout their adult lives. They did not act on 
it (or did act, but were not open about it), and may not even 
have considered themselves gay, for a variety of  reasons such as 
shame, religious teaching, or the desire to have a conventional 
family. U.S. Congressman Robert Bauman, who was married to 
a woman for two decades before coming out as gay, gave this 
account to historian Eric Marcus:

It was nearly 20 years later that my wife and priest confronted 

me. I was already a congressman by this time, drinking heavily, 

involved with hustlers, and in and out of  gay bars. . . . All 

through this period I was thoroughly convinced that I wasn’t 

gay. I wasn’t a homosexual. I couldn’t be a person like that. 

People wonder how I could have convinced myself  of  that, but 

from an early age it was a matter of  building certain walls within 

my mind. . . . [I]t took almost 3 years of  religious and psychi-

atric counseling for me to acknowledge that I was gay.4

The women give much more diverse accounts, but quite com-
monly they will say that they were completely unaware of  sexual 
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attraction to women until they met a specifi c woman or went 
through a signifi cant life event, such as divorce, later in life. Here’s 
how comedian Carol Leifer put it in an online interview:

[I]t was like my life threw me a surprise party. I really didn’t have 

any clue, and in fact, had very good physical relationships with 

men. It was around when I turned 40 that I had this really 

intense desire to have an affair with a woman. It just kind of over-

took me, kind of  like when you feel like you’re on a mission.5

Thus, my informal impression is that, at the level of conscious 
awareness of sexual attraction, some women but few men gravitate 
toward an authentically new homosexual orientation late in life.

There has been a long-running debate about whether gay 
people who want to become heterosexual can do so through 
some kind of  intervention. Methods that have been promoted 
as helping people achieve this goal include psychoanalysis, other 
forms of  psychotherapy, and religion-based group programs.6 
The majority viewpoint among mental-health professionals is 
that this so-called conversion therapy has little chance of  success 
and can cause signifi cant harm by reinforcing the gay person’s 
negative self-image.7 Still, one study, by Columbia University 
psychiatrist Robert Spitzer, did identify 200 individuals who 
told him that they had experienced a signifi cant shift from 
homosexuality toward heterosexuality as a result of  conversion 
therapy.8 Women reported such change more often than men, 
but few individuals of  either sex said that they had completely 
lost their same-sex attraction.
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I interpret Spitzer’s study to mean that at least a few highly 
motivated gay people can be helped to engage in and derive some 
degree of  pleasure from heterosexual relationships, and to pay less 
attention to their homosexual feelings. This should hardly come 
as a surprise, since we know that many gay people were hetero-
sexually married and had children before coming out as gay. 
But much more useful than conversion therapy, in my opinion, is 
therapy aimed at overcoming the self-hatred that causes some gay 
people to want to become straight in the fi rst place. Psychoanalyst 
Richard Isay has provided useful insights in this area.9

PREVALENCE OF DIFFERENT 
ORIENTATIONS

Alfred Kinsey invented a seven-category scale of  sexual orienta-
tion running from 0 (exclusive heterosexuality) to 6 (exclusive 
homosexuality), with the intervening numbers representing var-
ious degrees of  bisexuality. This is the famous Kinsey scale. 
Contemporary researchers often use fewer categories—fi ve or 
even three. In the case of  three categories, they are often defi ned 
as “heterosexual,” meaning exclusive or near-exclusive attraction 
to the other sex; “bisexual,” meaning signifi cant attraction to 
both sexes; and “homosexual,” meaning exclusive or near-exclu-
sive attraction to one’s own sex. 

The distribution of  sexual orientations in the population has 
been studied by means of  large-scale random-sample surveys 
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that have been conducted in the United States, Britain, Australia, 
and Canada.10 Fairly typical are the fi ndings of  a U.S. study con-
ducted in the early 1990s.11 In this study, 96.4% of  men and 
98.3% of  women reported heterosexual (only or mostly oppo-
site-sex) attraction; 0.6% of  men and 0.8% of  women reported 
bisexual attraction; and 3.1% of  men and 0.9% of  women 
reported homosexual (only or mostly same-sex) attraction. These 
data are plotted graphically in Figure 1.2.

Although the numbers vary somewhat, most studies agree 
on several points. First, heterosexuality is far and away the most 
common orientation among both men and women. Second, 
with regard to non-heterosexual people, there is a difference 
between the sexes. Most non-heterosexual men are homosexual; 
few say that they are roughly equally attracted to both sexes. 
Non-heterosexual women, on the other hand, report bisexual 
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Figure 1.2 Distribution of  sexual orientations for males and females, 
based on data from Laumann et al. (1994). Group 1: attracted to opposite 
sex only; Group 2: mostly to opposite sex; Group 3: to both sexes; Group 

4: mostly to same sex; Group 5: to same sex only. 
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or homosexual attraction in roughly comparable numbers: 
There is no clear dip in the curve between heterosexuality 
and homosexuality, as there is with men. In fact, some studies 
report greater numbers of  bisexual women than homosexual 
women.

Some critics have argued that these national surveys are 
unreliable.12 They might under-report the prevalence of  gay 
people, and perhaps bisexual people too, because respondents 
are unwilling to acknowledge same-sex attraction—a trait that 
is still stigmatized in some quarters. This may in fact be the case, 
and we certainly need to be cautious on this score. Still, studies 
that have paid particular attention to confi dentiality and ano-
nymity (by, for example, allowing subjects to supply their answers 
outside of  the interviewer’s presence, or by computer), or that 
have been conducted more recently (and thus in more gay-
positive times), or in more gay-friendly countries than the 
United States, have mostly failed to come up with higher num-
bers of  non-heterosexual people. In fact, with regard to its 
estimate of  the prevalence of  gay men (3.1%), the results of  the 
U.S. survey just mentioned remain near the high end of  the 
estimates in the various surveys that have been published.

Michael Bailey and his colleagues at Northwestern University 
(including Meredith Chivers, who is now at Queen’s University 
in Kingston, Ontario) have studied the sexual orientation of  
both men and women by measuring genital arousal during the 
viewing of  erotic videos.13 Heterosexual and homosexual men 
showed genital responses that accorded with their self-declared 
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attractions: Straight men responded to erotic videos of  women, 
and gay men responded to erotic videos of  men. But men 
who identifi ed as bisexual, and who reported roughly equal 
attraction to both sexes, did not show equivalent responses to 
erotic images of  men and women. Rather, they responded much 
more strongly to one sex—usually men—than the other. Yet, 
curiously, these men did report roughly equal subjective arousal 
to the male and female videos during the testing.

The researchers speculated that these “bisexual” men might 
actually only experience attraction and arousal to one sex but 
were reporting attraction and arousal to both for some non-
sexual reason. Still, the reason for the discrepancy between 
genital and subjective responses remains a puzzle. It may have to 
do with the fact that bisexual men sometimes experience differ-
ent kinds of  sexual attraction to men and women.14 For example, 
they may be more physically attracted to men and more roman-
tically or emotionally attracted to women. It’s possible that 
physical attraction leads more reliably to genital arousal than 
does romantic attraction. Whatever the reason, the nature of  
bisexual attraction in men deserves further study.

In women, Bailey’s group found rather the opposite to 
what they found in men: More women showed bisexual arousal 
patterns than one would have expected, including many women 
who stated that they were mostly or entirely attracted to one 
sex. In fact, it was diffi cult to predict women’s genital arousal 
patterns at all from their stated attractions to the two sexes. 
Other research groups have made similar observations.15
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Richard Lippa and Travis Patterson of  California State 
University, Fullerton, have come to a similar conclusion, based 
on experiments in which they showed pictures of  male and 
female swimsuit models to self-identifi ed heterosexual men and 
women.16 The men said they were sexually attracted only to the 
female models, and they spent most of  the available time look-
ing at the females. The women, on the other hand, said they were 
sexually attracted to both the males and the females, and they 
spent about equal time looking at both sexes.

Although the fi ndings in women are perplexing in their own 
way, they may fi t in with reports that sexual orientation is more 
fl uid in women than in men.17 To put it crudely, most men can 
fi gure out their sexual orientation by consulting their genitals, but 
few women can do so. This suggests that sexual orientation is a 
“higher-level” phenomenon in many women than it is in men, 
perhaps because it is more embedded in relationship issues.

In a review of the topic, Michael Bailey has raised the question 
(without offering a defi nitive answer) of  whether most women 
can be said to have a sexual orientation at all, as opposed to a 
preference for male or female partners that is driven by non-sexual 
motivations.18 Regardless of  the answer to this question, the real-
ity is that women who say they are sexually attracted to women 
(or to both women and men) differ in a wide variety of  ways from 
women who say they are sexually attracted only to men, as will be 
documented in later chapters of  this book. Thus the assumption 
that women have a sexual orientation is, at the very least, a useful 
working hypothesis. 
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ARE THERE CATEGORIES?

On the face of  it, the fi ndings described so far suggest that 
sexual orientation in men can be described to a fi rst approxi-
mation in terms of  two categories—straight or gay—whereas 
sexual orientation in women has more of  a dimensional quality—
women are distributed in a continuum across the spectrum of  
sexual orientation, so that dividing them into two (or even three) 
categories looks more like a semantic convenience than an 
objective reality.

There exists a set of  statistical procedures called taxometric 
analysis that can be used to assess whether a psychological trait, 
however dimensional it may appear in the raw data, actually has 
some underlying categorical structure. Steven Gangestad of  the 
University of  New Mexico, along with Michael Bailey and 
Nicholas Martin, applied these procedures to sexual orienta-
tion.19 Briefl y, the method involved assessing in a large dataset 
how sexual orientation varied with other measured traits, in this 
case childhood gender-nonconformity and adult masculinity or 
femininity. According to the analysis, two “hidden” or “latent” 
categories underlay the data for both men and for women. One 
category in each sex appeared to consist almost entirely of  straight 
people: This category contained about 85%–88% of  the men 
and 90%–95% of  the women. The other category, containing 
12%–15% of  the men and 5%–10% of  the women, was appar-
ently a mix of  roughly equal numbers of  gay and straight 
people.
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One possible way to interpret these data would be to say that 
one developmental factor (such as a gene or prenatal hormone 
level) directs development strongly toward heterosexuality and 
an alternative factor provides the capacity for homosexual devel-
opment but doesn’t rigorously specify it. Thus, people in whom 
this latter factor operates gravitate toward one orientation or the 
other depending on environmental conditions or even pure 
chance. There are other possible interpretations of  the data, 
however, and this analytical approach has not inspired further 
research up to now.

SEXUAL ORIENTATION ACROSS 
CULTURES

Have gay and bisexual men and women existed across different 
cultures and historical periods? And, if  so, have their relative 
numbers been the same as what we see in contemporary Western 
society?

Sociologist Fred Whitam conducted informal surveys of  
male sexual orientation in several less-Westernized cultures, 
such as Guatamala and the Philippines.20 He concluded that, in 
such countries, about 5% of  the male residents of  large cities 
are gay, which roughly matches the estimated prevalence of  male 
homosexuality in large Western cities such as London. (Large 
cities tend to have a higher prevalence of  gay people than the 
national average, probably on account of  the migration of  gay 
people from rural areas to cities.21)
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With regard to historical periods, the problem is that sexual 
orientation was rarely conceptualized or described in the same 
way as it is today. The term “homosexual,” for example, was fi rst 
introduced in the 1860s. In earlier Western culture, most people 
thought of  homosexuality, not as an attribute of  a distinct 
group of  people, but as a sinful or criminal behavior (“sodomy”) 
that anyone might be tempted to engage in. To the extent that 
there was any recognition of  a distinct group of  people charac-
terized by same-sex desire, it focused on a subset of  what we 
would now call gay men and women, namely gay men who were 
extremely feminine in manner and social role, and gay women 
who were extremely masculine.

The term “molly,” for example, was used in 18th-century 
London to refer to homosexual men who socialized in “molly-
houses,” where they affected women’s dress and manners and 
entered into same-sex liaisons that they termed “marriages.”22 
It seems likely that more conventionally gendered homosexual 
men existed at that time but chose to maintain their anonymity. 
After all, voluntarily outing oneself  as a homosexual man would 
hardly have been an attractive option in 18th-century England, 
where sodomy was still a capital offense.

In some cultures, unmarried women have been sequestered 
and thus were invisible to men and unobtainable as sex partners. 
In such environments, male adolescents were often sought after 
as sex partners by adult men, especially by young unmarried 
men. Ancient Greece is a particularly well-known example—so 
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much so that “Greek love” has long been used as a colloquial 
term for homosexuality.23 A more recent example was the 
same-sex culture that existed in Afghanistan under the Taliban, 
when all women were hidden behind their burqas. “I like boys, 
but I like girls better,” one Kandahar resident told the Los Angeles 
Times. “It’s just that we can’t see the women to see if  they are 
beautiful. But we can see the boys, and so we can tell which of  
them is beautiful.”24 About half  of  all men in Kandahar engaged 
in sex with boys at one time or another, according to one local 
medical professor interviewed for the article.

In such cultures, the choice of  adolescent boys as partners 
probably refl ects the fact that these youths, lacking beards 
and adult musculature, are closer to women in appearance than 
are adult men. Thus, it would be quite wrong to assert that 
many or most men in ancient Greece or in Afghanistan were 
homosexual in the sense of  having a strong preference for males 
when given the choice of  sex partners. What these cultures 
do demonstrate is the degree to which sexual desire and sexual 
behavior accommodate themselves to a restricted range of  
options, just they do in prisons and other single-sex environ-
ments today.

Yet even in ancient Greece there was awareness that some 
men and women did have an authentic preference for same-sex 
partners. This comes across most clearly in Plato’s Symposium 
(The Drinking Party), in which one of  the participants extempo-
rized a creation myth to explain the existence of  homosexual 
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and heterosexual men and women. Plato’s account could be 
interpreted as the fi rst genetic theory of  sexual orientation.‡

In fact, two of  the participants at that party, Pausanias and 
Agathon, were a male couple who are known to have stayed 
together well into their adult lives—an arrangement suggesting 
that these men were homosexual in the modern sense. But their 
long-lasting partnership seems to have been unusual. We have 
no way of  knowing what the actual prevalence of  homosexuality 
in the modern sense was in ancient Greece, other than that it 
existed.

Anthropologists have established that sexual relationships 
between males and between females have occurred widely in non-
Western cultures. In one particularly common arrangement, boys 
who have been feminine since childhood may choose to adopt 
an adult gender role as a female or as some combination of  

‡ Plato put the account into the mouth of  the comic playwright 

Aristophanes. He described how humanity originally existed as double crea-

tures, like pairs of  present-day humans stuck together. Some of  these pairs 

consisted of  two males, some of  two females, and some were male–female 

hybrids. In punishment for their transgressions, an angry god cut them all 

into halves. Sexual attraction is the desire to be reunited with one’s ancestral 

other half. Thus, the three kinds of  original creatures gave rise to gay men, 

gay women, and heterosexual men and women, respectively. Plato may have 

created the story by expanding on a preexisting myth of  the creation of  men 

and women by division of  a single ancestral creature; such stories existed in 

Egyptian (Geb and Nut), Judaic (Adam and Eve), and possibly Babylonian 

mythologies.
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female and male; they may enter into sexual relationships or 
marriages with conventionally masculine men.25 In many Native 
American cultures, these individuals were given specifi c names, 
such as winkte in the Lakota language, and they were considered 
to be two-spirit people who took on special roles in society. One 
Lakota man offered a “biological” explanation for the origin of  
winktes. “We think that if  a woman has two little ones growing 
inside her, if  she is going to have twins, sometimes instead of  
giving birth to two babies they have formed up in her womb 
into just one, into a half-man/half-woman kind of  being.”26

Similarly, there are accounts in various non-Western cultures 
of  women taking on male or male/female roles and partnering 
with conventionally feminine women. Walter Williams cites a 
16th-century account of  such women living in northeastern 
Brazil: “They wear their hair cut in the same way as the men, and 
go to war with bows and arrows and pursue game, always in com-
pany with men; each has a woman to serve her, to whom she says 
she is married, and they treat each other and speak with each other 
as man and wife.”27 Explorers named Brazil’s great waterway the 
“river of  the Amazons” because of  the similarity of  these local 
women to the warrior women of Greek mythology.

Two-spirit people and amazons were clearly homosexual in 
the sense that they were consistently attracted to persons of  the 
same anatomical sex as themselves. They were also what we 
would call transgendered, however, which is not the case for most 
contemporary gay men and women. There are some people in 
our society—very feminine gay men and very masculine gay 
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women—who occupy a region of  overlap between “homosexu-
ality” and “transgenderism.” A possible American example was 
Chastity Bono, who identifi ed as a lesbian woman for many 
years but announced in 2009 that she was changing her sex to 
male and her fi rst name to Chaz. The two-spirit people and 
amazons may be thought of  as occupying that same territory.

What about the conventionally gendered individuals who 
partnered with two-spirit people or with amazons? Were they 
the counterparts of  today’s conventional gay men and women? 
Very possibly some of  them were, but they were not usually 
recognized as anything different from regular men or women. 
Lakota men who entered a relationship with a winkte, for exam-
ple, quite commonly took up with anatomical women before or 
after that relationship. In the distant past, when polygamy was 
practiced, they often had a winkte and a female wife at the same 
time. Thus, although men who partnered with winktes were com-
monly subject to some ridicule for doing so, they were not 
thought of  as a different kind of  person in the same way that 
winktes were. To assert that they were in fact homosexual would 
be to claim far more understanding of  their mental lives than we 
in fact possess.

Thus, what we learn from different times and cultures is 
somewhat paradoxical. On the one hand, there is widespread 
evidence of  homosexual relationships, as well of  homosexual 
individuals who were more or less transgendered. But the major-
ity of  gay men and women in our own culture—those who have 
a secure identity as to their own anatomical sex and an enduring 
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preference for same-sex partners—don’t seem to have numerous 
and obvious counterparts in other cultures. And the homosexual 
relationships that we think of  as typical today—relationships 
between pairs of  fairly similar, like-aged, conventionally gendered 
men or women—seem in other cultures to have been much 
less common or less visible than relationships characterized by 
differences in age or in gender. To use the terminology applied 
by sociologist Stephen Murray, age-stratifi ed and gender-stratifi ed 
relationships have been the dominant forms of  homosexual 
bonding in other cultures, while egalitarian relationships are the 
most visible form in our own.28

Do these differences between cultures undermine the effort 
to understand sexual orientation in biological terms? Probably 
not, for several reasons. For one thing, the differences may not 
be as great as they seem. Both gender-conformist and gender-
nonconformist gay people may well have existed in all cultures, 
but with differing visibility. Just among American lesbians of  
the last hundred years or so, there have been marked swings 
between a cultural emphasis on gender-nonconformity (“diesel 
dykes,” for example) and on gender-conformity, and between an 
emphasis on egalitarian relationships and on those that are 
gender-stratifi ed (so-called “butch–femme” relationships).29 Yet 
these swings, driven by social forces such as the women’s libera-
tion movement of  the 1960s and 1970s, probably mask a more 
or less constant underlying reality, which is that spectra of  
gender diversity exist within the category of  gay women and 
within the category of  gay men. A biological theory of  sexual 
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orientation needs to explain not only why there is a link between 
homosexuality and a broader gender-nonconformity, but also 
why there is such diversity in gender-related traits among gay 
people. Biologists also have to acknowledge that much that is 
important about sexual orientation—especially the diverse ways 
that homosexuality and heterosexuality are conceived and acted 
out in different societies—lies outside of  the arena of  biological 
investigation.
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Almost everyone has some opinion about what determines 
sexual orientation. Usually, they frame their ideas in 

terms of  what went wrong in the lives of  gay people. Some 
theories are little more than old wives’ tales; others present at 
least the semblance of  scientifi c credibility. In this chapter, 
I review the principal nonbiological theories that have been pre-
sented over the years. Each of  these theories has signifi cant 
shortcomings. Collectively, their weakness spurs the search for 
other, biological explanations.

T W O

-

Why We Need Biology
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PSYCHOANALYTIC THEORIES

Most of  us think of  the sex drive as something that makes its 
fi rst appearance at or after puberty, when raging sex hormones 
transform the body and mind of  a meek-mannered child into 
that of  a horny adolescent. The founder of  psychoanalysis, 
Sigmund Freud (1856–1939), took a very different view. He 
proposed that the erotic instinct, or libido as he called it, is already 
fully active at birth and undergoes several radical transforma-
tions during childhood.1 A newborn infant’s libido, Freud 
claimed, is focused on the mouth and is satisfi ed by suckling at 
the mother’s breast. Then it moves to the anus, where it is satis-
fi ed by defecation. At about 2 years of  age, the libido becomes 
focused on the phallus (penis or clitoris), where it can be satisfi ed 
by masturbation.

What happens next Freud spelled out more explicitly for 
males than females, perhaps because the majority of  his clients 
were men. At around the same time as the libido becomes 
focused on the phallus, it also begins to be directed externally, 
toward other people. In boys, the libido is directed toward other 
males, because they also possess a penis. This is, therefore, a 
homosexual phase, but one of  which adult men (whether straight 
or gay) have repressed all memory.

At about 3 years of  age, a boy’s libido transfers to his mother. 
This is the famous oedipal phase, named for Oedipus, the character 
in Greek mythology who unwittingly married his own mother. 
The boy remains sexually fi xated on his mother for 2 or 3 years. 
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Then his libido enters a period of  latency in which it is largely 
inactive, to be awoken again after puberty in the form of  adult 
heterosexuality. This is the developmental process that Freud 
considered normal.

Homosexuality in adult men resulted, according to Freud, 
from a disruption of  this process. In pre-oedipal homosexuality, the 
libido failed to enter the oedipal phase, and simply remained 
stuck for a lifetime in the early homosexual phase. In oedipal 
homosexuality, the libido did enter the oedipal phase but failed to 
leave it, so the boy remained erotically fi xated on his mother.

Freud placed much more emphasis on oedipal than on pre-
oedipal homosexuality. And this raised a problem: Why would 
remaining erotically fi xated on one’s mother make a boy grow 
up to be sexually attracted to men? Wouldn’t it be more likely 
to make him heterosexual, given that his mother was a woman?

To get around this problem, Freud proposed that the growing 
boy, unable to shake off  his attraction to his mother but equally 
unable to satisfy that desire, resolves the dilemma by identifying 
with his mother and seeking sex partners who represent himself. 
In other words, when he enters sexual relationships with other 
men, he is psychologically reestablishing the oedipal bond, but 
with roles reversed.*

* In a later formulation, Freud proposed that homosexuality results 

when the boy is so identifi ed with his mother that he seeks to take her place 

in her sexual relationship with his father (the so-called “negative oedipal 

complex”). In that model, adult homosexuality is the reenactment of  the 

desired relationship with the father.
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That left the question: What caused a boy to remain eroti-
cally focused on his mother and thus to become homosexual? 
The reason, Freud said, was that his mother was too close-binding 
or even seductive, and thus prevented him from breaking away. 
Alternatively (or additionally), the father might be distant or 
hostile, generating in his son an irrational fear of  castration 
and thus forcing him into an excessively close relationship with 
his mother.

In constructing this theory, Freud was probably infl uenced by 
what gay men told him about their childhood relationships with 
their parents. As has been documented more recently in statisti-
cal studies of  large numbers of  subjects, gay men do indeed 
describe their relationships with their mothers as closer, and their 
relationships with their fathers as more distant or hostile, as 
compared with how straight men describe these relationships.2 
As with most other statements in this book, this is a statement 
about averages, and it’s not true for everyone: There are plenty of  
gay men who got on famously with their fathers, and plenty of  
straight men who didn’t. Still, the fact that this signifi cant differ-
ence exists, on average, between gay and straight men demands 
some explanation, and Freud provided one.

The problem is that there are other possible explanations, 
some of  which are more plausible or straightforward than 
Freud’s. The simplest one is that boys who become gay (pre-gay 
boys) and those who become straight (pre-straight boys) differ 
from each other in ways that parents pick up on. As pointed out 
by Richard Isay, if  pre-gay boys have traits that fathers dislike 
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and mothers like, then this would set up the same relationships 
that Freud described, but with the direction of  causation 
reversed.3 Rather than a mother’s closeness or a father’s hostility 
making their son gay, it would be the son’s “gayness” making his 
mother close and his father hostile.

In Chapter 4, I’ll present evidence that pre-homosexual boys 
do indeed differ from pre-heterosexual boys in a number of  
traits—traits that can be summarized with the term “gender-
nonconformity.” Thus, it’s very plausible that some fathers might 
reject their pre-homosexual sons on account of  what they per-
ceive as “sissiness” or a lack of  interest in the typically masculine 
activities that fathers often like to engage their sons in. Conversely, 
some mothers might actually like such traits in their sons. Even 
if  they don’t, they might become unusually protective of  a son 
whom they see being exposed to teasing or hostility from the 
father or from other children.

Over the course of  the 20th century, Freudian theory had a 
lot of  its raw sexual content watered down or excised. Some 
later analysts, such as Carl Jung, thought of  the libido as a more 
general motivating force within the psyche, rather than an explic-
itly sexual urge. And the oedipal complex became a simple desire 
for emotional closeness with the mother, rather than a lust for 
sexual intercourse with her. But that change didn’t undermine 
the role of  the mother–son bond in the development of  homo-
sexuality, in many psychiatrists’ minds. “You’ve got to get these 
mothers out of  the way,” said UCLA psychiatrist Richard Green 
to a couple who feared that their gender-nonconformist son 
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would become homosexual. He recommended that the father 
spend more one-on-one time with the boy.4

Green himself  has since changed his views about the devel-
opment of  sexual orientation, but other therapists—especially 
those who purport to offer advice on preventing or “curing” 
homosexuality—continued to emphasize the crucial role of  the 
oedipal complex. The late Charles Socarides, a psychoanalyst 
who claimed to have helped many men get the “monkey of  
homosexuality off  their backs,”5 attributed male homosexuality 
to “a lifelong persistence of  the original primary feminine iden-
tifi cation with the mother, and a consequent sense of  defi ciency 
in one’s masculine identity.”6 Joseph Nicolosi, who is one of  the 
best-known “reparative therapists” currently active, writes that 
“if  a father wants his son to grow up straight, he has to break 
the mother–son bond that is proper to infancy but not in the 
boy’s best interest afterward.”7 

What about sexual orientation in women? Freud believed 
that a young girl, like a boy, goes through an early oedipal fi xa-
tion on her mother, but when she fi nds out that her mother 
lacks a penis she redirects her sexual desire toward her father. 
Thus, the girl begins to compete with her mother for her father’s 
love. In the one case of  female homosexuality that Freud 
described in detail, this relationship was damaged by the birth 
of  a younger brother when the girl was 16. “It was not she who 
bore the child, but her unconsciously hated rival, her mother,” 
wrote Freud. “Furiously resentful and embittered, she turned 
away from her father and from men altogether.”8 Instead, she fell 
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in love with a woman, who (in Freud’s view) represented both 
her (hated) mother and another brother, older than herself, 
whose penis had made a “strong impression” on her when she 
was 5 years old. Thus, it was really a bisexual relationship rather 
than a strictly homosexual one.

Byzantine accounts such as this one—and I’ve omitted most 
of  the details—were Freud’s stock in trade. They raise the ques-
tion: How did Freud fi gure all this out, and what evidence did 
he present to persuade us that he was right? For the most part, 
there was no evidence: We just have to trust that Freud’s insights 
were correct. And that’s the general problem with psychoanalyti-
cal theories.9 It’s not that they’ve been proven wrong; it’s just 
that there’s no good reason to think they’re right. In that situa-
tion, their implausibility and complexity counts against them. 
They’re like the theory that unidentifi ed fl ying objects are alien 
spacecraft: They could be—but why believe that theory when 
there’s no evidence to support it and more mundane explanations 
exist?10

LEARNING THEORIES—INFLUENCE OF 
EARLY SEXUAL EXPERIENCES

In stark contrast to this psychoanalytic perspective, learning 
theorists (especially those who fall under the heading of behaviorists) 
have taken a much simpler view of  the mind. In behaviorist 
thought, the minds of  babies are pretty much blank slates, 
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although they come supplied with the ability to form mental 
associations, to seek pleasurable experiences, and to avoid 
unpleasant ones. A person’s tendency to seek male or female sex 
partners, from this perspective, is simply the consequence of  
innumerable “carrots” and “sticks” that have shaped his or her 
sexual feelings during childhood and adolescence. 

According to a simple behaviorist theory, popular in the 
1960s and 1970s, the major “carrot” infl uencing sexual orien-
tation is the pleasure of  sex itself, especially orgasm. If  a person’s 
fi rst sexual contact is with a woman, he or she will desire further 
contacts with women; if  it was with a man, he or she will desire 
further contacts with men. Thus, a person who starts off  with 
no particular preference in sex partners gradually develops an 
engrained attraction to one sex or the other.11 This theory has 
led to the idea that male homosexuality results from sexual con-
tact with an older male—a stranger or an older brother—during 
childhood or adolescence.12 Although the contact might be a 
one-time experience, the boy may evoke memories of  it during 
solitary masturbation, thus strengthening its infl uence.13

According to one study, both gay men and lesbians are indeed 
far more likely to have had sexual contact with an older person 
of  their own sex during childhood or adolescence, compared 
with heterosexual people.14 Another study focused on males and 
females who had been sexually abused (usually by men) during 
their childhood: It found that abused males were signifi cantly 
more likely than non-abused males to form homosexual partner-
ships in adulthood, but that abused females were not.15
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On the face of  it, such fi ndings could be taken to support 
the idea that the sex of  one’s fi rst sex partner infl uences a 
person’s ultimate sexual orientation. For this to be true, however, 
we would have to assume that the children or adolescents were 
sexually passive targets for molestation by their elders. In reality, 
it is likely that many of  them, especially the adolescents, already 
felt sexually attracted to same-sex partners. If  so, they may have 
initiated the contacts or responded willingly to the older per-
sons’ advances. Even if  not, the older persons may have picked 
up on cues that were indicative of  the child’s future sexual ori-
entation and selected the child on that basis.

Cross-cultural evidence also speaks against the notion that 
the sex of  a person’s fi rst sex partner infl uences their ultimate 
sexual orientation. In some non-Western cultures, such as that 
of  the Sambia of  New Guinea, all boys are required to engage 
in sexual contacts with older male youths for several years before 
they have any access to females, yet most if  not all of  these boys 
become heterosexual men.16 Similarly, homosexual behavior is 
common among British children and adolescents who attend 
single-sex boarding schools, yet adult Britons who attended such 
schools are no more likely to engage in homosexual behavior 
than those who did not.17

Finally, many (probably most) young people in our own cul-
ture develop an awareness of their sexual orientation while they are 
still virgins, or before they have had any sexual experiences with 
partners of their preferred sex. These people’s sexual orientation 
could not have been determined by the sex of their fi rst partners.
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An opposite idea has been that children who are molested 
are turned off the sex of  the person who molested them, because 
the molestation is an unpleasant experience. For boys, this would 
produce an effect exactly opposite to the one just described: 
Boys who were molested by men would be steered toward het-
erosexuality, not homosexuality. This is not something that 
people want to hear, so the idea has been applied mostly to girls: 
Girls molested by men, the idea goes, become lesbian.

Ellen DeGeneres has often heard this theory. When she was 
a teenager, DeGeneres was molested by her stepfather. “People 
I’ve confi ded in about this say, ‘Oh, that’s why you’re a lesbian,’” 
she told Allure magazine. “But I was a lesbian way before that. 
My earliest memories are of  being a lesbian.”18

Some lesbians do believe that molestation played at least 
some role in their becoming lesbian. Donna Rafanello inter-
viewed 60 lesbians who, like herself, were survivors of  child-
hood sexual abuse. The women gave very diverse accounts of  
how the experience of  molestation related to their lesbian 
orientation as adults. A common view, though, was that the 
experience reinforced something that was already inside of  them. 
“I’m grateful to both of  my molesters for making my choice to 
follow my natural inclination to be a lesbian more clear-cut,” 
said one woman. Another said: “I think I may have had a ten-
dency to be gay, and then [the abuse] happened. So it sort of  
pushed me over to that side.”19 Curiously, the woman who was 
most emphatic that the molestation caused her homosexuality 
was molested by a woman, her stepsister.
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Many lesbians were molested as children, and it’s under-
standable that these women might come to believe that the expe-
rience played a role in the development of  their sexual orientation. 
But many straight women were molested too. Sexual abuse of  
girls is shockingly common: One out of  three girls in the United 
States has an experience meeting a broad defi nition of  sexual 
abuse before she reaches the age of  18.20

 If  a causal relationship exists between sexual abuse by men 
and lesbianism, one would expect more lesbians than straight 
women to report having been abused. In a study that compared 
matched pairs of  lesbian and straight women, no such difference 
existed.21 Such fi ndings undermine the idea that the experience 
of  sexual abuse during childhood is a signifi cant cause of  homo-
sexuality in women.

LEARNING THEORIES—GENDER 
LEARNING

Because so many people become aware of their sexual orientation 
before they have had sexual contact with their preferred partners, 
or before they have had any sexual experiences, theorists have 
looked for other ways in which people might “learn” their sexual 
orientations. The most commonly expressed idea is that sexual ori-
entation develops out of a broader process of gender learning.

Gender is the set of mental and behavioral traits that differ, to a 
greater or lesser degree, between males and females. An example 
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of  a gendered trait shown by children is engagement in rough-
and-tumble play: Boys engage in more such play than girls 
in most or all human cultures. (I will have more to say about 
childhood gender characteristics in Chapter 4, and about adult 
gender characteristics in Chapter 5.)

According to the standard social science model,22 gender differ-
ences are learned. The learning might take place directly, for 
example by parents rewarding sons who engage in rough-and-
tumble play and punishing daughters who do so. Alternatively, 
the child may take a more active role—fi rst establishing a sense 
of  its own sex and then participating in the acquisition of  other 
gender characteristics through imitation of  same-sex role models 
and other forms of  social interaction.23

John Money, a well-known sex researcher at Johns Hopkins 
School of  Medicine, who died in 2006, was the leading propo-
nent of  the idea that a person’s sexual orientation develops as 
part of  this process of  gender learning.24 As evidence in favor 
of  his theory, Money cited a remarkable and ultimately tragic 
case history. This concerned a child named Bruce Reimer. Bruce 
was born a normal boy, but he suffered the destruction of  
his penis during a botched circumcision procedure when he 
was 7 months old. Money told the parents that such a young 
boy would not yet have acquired a defi nitive gender or sexual 
orientation. He therefore advised them to have the boy’s testi-
cles removed also, and to raise him as a girl. This they did. Over 
the ensuing years, Money reported that the change of  gender 
was a great success, and that the child—its name changed to 
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Brenda—developed a suite of  girlish characteristics and looked 
forward to marrying a man.

In reality, Brenda never accepted a female gender identity, 
hated her developing breasts, and ultimately demanded and 
received medical treatment to turn her back into a male. He then 
adopted a new name, David. As an adult man, David was sexually 
attracted to women, contrary to Money’s prediction. Money never 
divulged the true story, but the facts were revealed after some 
detective work by sexologist Milton Diamond of the University 
of  Hawaii25 and by a journalist who wrote a book about the 
case.26 Sadly, David Reimer eventually committed suicide.

One case history by itself  should not make or break a theory. 
Still, there are other cases whose outcomes also refute the notion 
that sexual orientation develops as a part of  the process of  
gender learning. Another boy, like Bruce Reimer, lost his penis 
in infancy (at 2 months of  age) and was reassigned as a girl. This 
child did successfully adopt a female gender identity that lasted 
through into adulthood, but she was predominantly attracted 
to women and was partnered with one at the most recent 
follow-up.27 This again is contrary to Money’s learning theory 
of  sexual orientation; that theory would predict that, having 
learned a female gender identity, she would also learn to be 
sexually attracted to men. 

In a similar vein, medical scientists at Johns Hopkins Medical 
Institutions studied 14 genetic males who were reassigned as 
female when they were babies because they had severe congeni-
tal malformations of  the pelvic area that left them without a 
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functional penis.28 As they grew up, most of  these individuals 
chose to revert to the male sex, but regardless of  whether they did 
or not, those who were old enough to report a sexual orientation 
said that they were sexually attracted to females. These results 
suggest that sexual orientation is not learned but inborn. Looking 
at all these cases together, it seems that gender identity may be 
somewhat more susceptible to social infl uence than is sexual ori-
entation. Here too, however, “nature” usually trumps “nurture.” 

If  role modeling played an important part in the development 
of  sexual orientation, we’d expect that the sexual orientation of  a 
child’s parents would be a strong infl uence on that child’s ultimate 
sexual orientation. In fact, however, the vast majority of  gay people 
have straight parents. This may be an unfortunate fact, in that 
it deprives gay children of  the support that gay parents would 
be most able to give them. Nevertheless, it argues against an 
important infl uence of  role modeling or parental teaching in the 
development of  sexual orientation.

Of  course, some gay people are parents themselves, so what 
about their children? Do they grow up gay under the infl uence of  
parental role modeling? The answer is no, not usually. Children 
raised by gay parents don’t differ in sexual orientation (or in any 
other signifi cant characteristics) from those raised by straight 
parents, according to a review of  numerous studies.29*

* Girls who are the biological children of  lesbians may have an increased 

likelihood of  becoming bisexual or lesbian, perhaps on account of  genes 

running in those families—see Chapter 7.
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IS  IT A CHOICE?

About one-third of  all Americans believe that being homosexual 
is a “lifestyle choice,” according to a Los Angeles Times poll.30 This 
is about the same as the fraction of  Americans who think gay 
people are “born that way.”

For some reason, no poll that I’m aware of  has asked straight 
Americans what made them heterosexual. If  they were asked, 
I doubt that more than a handful would assert that they chose 
to be straight. More likely, they would say something like, “It’s 
just human nature.” In other words, they would claim that they 
were born straight. Yet to believe that one is born straight, but 
that gay people chose to be gay, is to conceptualize homosexual-
ity as some kind of  willful deviation from a person’s own true 
nature. Indeed, the belief  that being gay is a choice is connected 
with all kinds of  negative beliefs about gay people and how they 
should be treated.31

If  their sexual orientation was indeed a choice, gay people 
should remember having made it. But, by and large, they don’t. 
In the mid 1990s, researchers at the RAND Institute analyzed 
the responses of  gay men and lesbians to a questionnaire in The 
Advocate, a leading gay magazine. Only 4% of  gay men and 15% 
of  lesbians said that choice had anything to do with why they 
were gay.32 In contrast, 90% of  the gay men and 50% of  the 
lesbians said that they felt they were “born gay.” (The women 
also mentioned other factors, such as childhood experiences.)
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This striking difference of  opinion between the general 
population and gay people themselves may have to do with the 
level at which people conceptualize sexual orientation. Among the 
general population, especially those who do not have gay friends 
or relatives, it seems natural to conceptualize sexual orientation 
at the level of  people’s actual sexual behavior, the communities 
they join, and the identities they claim for themselves. At these 
levels, choice certainly does play an important role.

Among gay people themselves, it seems more natural to con-
ceptualize sexual orientation in terms of  sexual attraction, because 
sexual attraction is the wellspring of  motivation that infl uences 
(but doesn’t dictate) all their behavioral choices. To a large extent 
then, people who argue about whether being gay is a choice or not 
are talking past each other. As discussed in the previous chapter, 
I agree with most sex researchers in taking the direction of  sexual 
attraction as the key criterion for sexual orientation, and like most 
sex researchers, I doubt that people choose to experience sexual 
attraction to one sex or the other.

THE BIOLOGICAL ALTERNATIVE

In part, researchers have turned to biological ideas about sexual 
orientation because other theories have failed to provide persua-
sive explanations. In addition, however, biological research has 
advanced to the point where it can offer ideas about the devel-
opment of  traits that used to fall squarely within the province 
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of  psychology. Biological psychology (or psychobiology) is the name of  
the hybrid discipline that has grown up around these ideas.

With regard to sexual orientation, biological psychologists 
have made a variety of  important observations:

Homosexual behavior is common among  • nonhuman animals. 
In a few species, individual animals have a durable preference 
for same-sex partners. 
Both in childhood and during adult life, gay people differ  •
from straight people of  the same sex in a variety of  mental 
traits that fall under the general label of  gender.
Evidence suggests that the levels of   • sex hormones circulating 
during fetal life infl uence these gendered traits.
Evidence suggests that  • genes infl uence sexual orientation and 
other aspects of  gender.
Structural and functional differences exist between the  • brains 
of  gay and straight people. To judge from animal experiments, 
these are caused by differences in prenatal hormone levels or 
in the way that the brain responds to hormones.
Differences exist in the structure and function of  the  • bodies 
of  gay and straight people.
Birth order •  infl uences sexual orientation in men, and this infl u-
ence appears to operate through biological mechanisms 
rather than social ones.

The following chapters lay out the evidence for these statements 
and attempt to tie them together to form a coherent biological 
theory of  sexual orientation.
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Humans are animals. We cannot fully understand our-
selves without acknowledging our kinship with other 

species and learning from what they have to teach us. Observations 
on nonhuman animals, and experiments that make use of  them, 
are fundamental to human biology, and they should be funda-
mental to psychology and sociology too.

That’s not to say that humans are the same as other animals. 
Every species is the product of  its own evolutionary history and 
is therefore unique—otherwise it would not be a species. 
Humans differ markedly in bodily appearance from our closest 
nonhuman relatives. A chimpanzee—even wearing a tuxedo—
doesn’t risk being mistaken for a person. Our human minds 
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mark us off  even more clearly from chimpanzees and other pri-
mates. We are unique in our highly developed capacities for 
toolmaking, language, empathy, foresight, art, science, and spir-
ituality.1 Some aspects of  our minds and behaviors have close 
parallels among nonhuman animals; others do not.

MALE AND FEMALE BRAINS

Where does our sexuality stand in this respect? Let’s start with 
some anatomy. Across all mammalian species, including our-
selves, consistent differences exist between male and female 
bodies. These differences are most obvious in the genitals and in 
secondary sexual characteristics such as mammary glands 
(breasts), but equally important and consistent are differences 
in the internal reproductive organs: Males have testes, prostate 
gland, and some other sexual glands, along with the tubing 
to connect them, while females have vagina, uterus, oviducts 
(fallopian tubes), and ovaries.

Although less obvious at a casual glance, there are also ana-
tomical differences between male and female brains. A key dis-
covery was made in the late 1970s by neuroanatomist Roger 
Gorski and his colleagues at UCLA.2 They were studying the 
hypothalamus, an ancient region at the base of  the brain that 
plays an important role in the regulation of  many basic behav-
iors, such as feeding and drinking, as well as reproductive behav-
iors. Using rats as their animal model, Gorski’s group focused 
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on a region at the front of  the hypothalamus called the medial 
preoptic area, which was known to be involved in the generation of  
the sexual behavior that is typically shown by male animals, such 
as mounting of  females. Within the medial preoptic area they 
noticed a cluster of  cells that was much larger in male than in 
female rats: They named this cluster the sexually dimorphic nucleus 

of the preoptic area, or SDN-POA. (Sexually dimorphic means dif-
fering in structure between males and females. A nucleus, in 
neuroanatomical parlance, means a consistently recognizable 
aggregate of  neurons at a certain location within the brain.)

Since the time of  Gorski’s discovery, comparable cell groups 
have been described in the hypothalamus of  other mammals, 
including primates.3 The comparable cell group in the human 
hypothalamus is named INAH3, which stands for the “third 
interstitial nucleus of  the anterior hypothalamus.” INAH3 
is typically about two to three times larger in men than in 
women.4

We now know that the sexual dimorphism of  SDN-POA 
(or INAH3) represents just one of  numerous sex differences in 
brain organization.5 These involve not only differences in the 
relative sizes of  brain regions in males and females, but also 
differences in brain connections, synaptic architecture, and 
the distribution and amounts of  neurotransmitters (signaling 
molecules used in neuron-to-neuron communication) and 
receptors (molecules that detect and respond to neurotransmit-
ters and hormones). Not surprisingly, then, activity patterns 
also differ between the brains of  males and females, even when 
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they are engaged in similar mental tasks. These differences can, 
for example, affect the lateralization of  cerebral functions—
that is, the extent to which a mental task engages one side of  the 
brain more than the other.

Sex differences are most marked for brain circuits that are 
involved in sexual functions, such as the hypothalamus and some 
other structures in the basal forebrain that are connected with 
it: These include structures named the amygdala and the bed nucleus 
of the stria terminalis.6 Comparing these regions in a male and 
female brain, an expert would have a good chance of  telling 
which sex was which. In other regions of  the brain, whose func-
tions may not be directly concerned with sexual behavior, the 
differences are more subtle: It may take measurement of  a con-
siderable number of  male and female brains, and the application 
of  statistical tests to the results, to establish a sex difference. 
Sometimes, the differences have to do with synaptic architecture 
or chemistry rather than size. Nevertheless, most of  the brain is 
“gendered” in one way or another.7

MALE AND FEMALE BEHAVIORS

Given these biological differences between male and female 
brains, it’s not surprising that mental and behavioral differences 
exist between the sexes. Male and female animals usually show 
fairly robust differences in sexual behavior: Most commonly, 
males seek female sex partners, whereas females seek males, and 
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the actual behaviors that male and female animals display during 
courtship and mating differ in stereotypical ways. A female rat, 
for example, will solicit sex from a male by repeatedly approach-
ing and retreating from him while wiggling her ears in a pro-
vocative fashion. The male follows the female and attempts to 
mount her from the rear. The females raises her rump and moves 
her tail to the side, thus, exposing her genital area (the lordosis 
refl ex). The male briefl y penetrates the female, the pair separates, 
and the mating is repeated several times until the male ejacu-
lates. Guiding these behaviors are sensory cues, such as the dis-
tinct odors, vocalizations, visible movements, and tactile stimuli 
generated by male and female rats. Males and females respond 
to these cues in distinct ways.

In addition to these sex differences in partner choice and the 
behavioral patterns associated with courtship and mating, male 
and female rats differ in a range of  other behaviors, such as 
aggressiveness, exploratory behavior, navigation, behavior toward 
pups, and so on. In other words, there is a constellation of  gen-
dered or sex-biased traits in rats and other animals, some closely 
connected with reproduction and some less so.8 

DEVELOPMENT OF SEX DIFFERENCES 
IN ANIMALS

How do these behavioral differences come about? Starting with 
the pioneering studies of  the French endocrinologist Alfred Jost 
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in the mid 20th century, biologists have discovered a chain of  
causal events that leads from genes to sexually differentiated 
mental or behavioral traits.

The chain begins with sex chromosomes: Male mammals, 
including human males, possess an X chromosome and a Y chromosome, 
whereas females possess two X chromosomes. The Y chromo-
some carries only a small number of  genes, but one of  them, 
called SRY, is a master gene that initiates male development.9 
It does so by instructing two small patches of  embryonic tissue 
to develop into testes: These are the male reproductive glands 
that produce sperm and that also secrete testosterone, the prin-
cipal sex hormone in males. Testosterone in turn drives the 
development of  the rest of  the body and the brain in a male-
typical direction. 

In females, other genes instruct those same patches of  
embryonic tissue to develop into ovaries: These are the female 
reproductive glands that produce ova and also secrete two hor-
mones that are important in female development and physiol-
ogy, estrogen and progesterone. But these hormones are not 
secreted in signifi cant amounts during prenatal or early postna-
tal development: They only come into their own at puberty. 
Thus, during fetal life, the key distinction between males and 
females is that males have high levels of  circulating testosterone 
and testosterone-like hormones (collectively called androgens or 
“male-makers”) that are secreted by the testes, whereas female 
have low levels of  these hormones. (The androgens that are 
found in female fetuses are secreted by the adrenal glands.10)
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The sex difference is not absolute, however: When researchers 
took blood samples from a large number of  male and female 
human fetuses at mid pregnancy, they found a slight overlap in 
the testosterone levels of  males and females.11 In other words, it 
is not possible to identify a fetus’s sex with complete certainty 
on the basis of  a one-time testosterone measurement. 

Female development is sometimes referred to as the “default” 
pathway, because it goes forward in the absence of  a specifi c 
genetic signal derived from SRY. Nevertheless, a complex suite 
of  genes has to operate in females to produce the ovaries and 
other features of  female anatomy. Since males also possess all 
those genes, the question arises as to why males don’t develop 
female reproductive anatomy (such as a uterus) in addition to 
their male anatomy. The answer is that SRY and other “down-
stream” genes actively repress the female developmental path-
way. For example, the developing male testes produce a protein 
hormone called antimüllerian hormone (AMH) that prevents the 
maturation of  the uterus and the oviducts.

Testosterone plays the leading role in the sexual differentia-
tion of  the brain. The evidence for this statement comes from 
experiments in which the levels of  testosterone have been artifi -
cially manipulated.12 With regard to SDN-POA, for example, 
lowering the levels of  testosterone in developing rats (by castra-
tion) or blocking testosterone’s effects (with chemical antago-
nists of  testosterone) leads to the development of  an SDN-POA 
that is smaller, and contains fewer nerve cells, than in untreated 
males. Conversely, adding testosterone to developing female rats 
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(by injection) leads to the development of  an SDN-POA that 
is larger, and contains more nerve cells, than in untreated females, 
and is about the same size as in untreated males.

Although SDN-POA is the “model system” that has been 
most extensively studied, these hormonal manipulations actu-
ally affect the development of  many sexually differentiated sys-
tems in the brains of  rats and other animals. And it is not always 
the case that high testosterone levels lead to larger structures. 
There is another cell group in the rat’s hypothalamus, called 
AVPV, that is sexually dimorphic in the reverse direction: It is 
larger in females than males. (AVPV is involved in the regula-
tion of  the female rat’s reproductive cycle.) In this case, high 
testosterone levels during development cause AVPV to end up 
smaller, and to contain fewer cells, than it otherwise would.13

Although hormonal manipulations can greatly alter the sexual 
development of  the brain, as just described, the timing of  these 
manipulations is very important. In the case of  the rat’s SDN-
POA, the most dramatic effects are seen if  testosterone is added 
or removed during a critical period of  development. The critical 
period begins suddenly on the 18th day of  fetal life (which is 
about 4 days before birth) and tapers off  more gradually a few 
days or weeks after birth.14 Castration of  adult male rats has no 
effect on the size of  SDN-POA, although it does cause some 
shrinkage of  individual neurons within SDN-POA.15

What is happening during the critical period? In male rat 
fetuses, a surge of  testosterone is secreted by the testes, begin-
ning about the 15th day of  fetal life. The surge reaches a peak 
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on the 18th day and gradually declines thereafter, with a 
secondary peak immediately after birth.16 This surge does not 
normally occur in females. Thus, castration of  males (or the 
use of  testosterone blockers) prevents the surge (or blocks its 
effects), whereas adding testosterone to females mimics the 
normal male surge.

The normal testosterone surge in males affects the ultimate 
size of  sexually dimorphic cell groups such as SDN-POA and 
AVPV. It does so, not by infl uencing how many nerve cells are 
created, but by infl uencing how many die.17 In the normal course 
of  development, immense numbers of  young neurons die with-
out ever become functionally integrated into brain circuits. This 
programmed cell death, although seemingly wasteful, actually helps 
to sculpt the complex cellular architecture and connections of  
the mature brain.18 In the case of  SDN-POA and AVPV, about 
the same number of  nerve cells are created in males and females, 
but in the course of  the fi rst few days after birth testosterone 
reduces the rate of  cell death in SDN-POA, but accelerates the 
rate of  cell death in AVPV.19 Thus, SDN-POA ends up larger 
in males, whereas AVPV ends up larger in females. If  cell death 
is prevented (by eliminating one of  the genes responsible for it), 
then males and females end up with similar numbers of  cells in 
these “sexually dimorphic” cell groups, in spite of  the differ-
ences in testosterone levels.20

Testosterone doesn’t just infl uence neuronal survival, how-
ever: At later stages of  development it also infl uences the growth 
of  neurons, their synaptic connections with other neurons, their 
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sensitivity to hormones, and their activity patterns. In other 
words, this hormone has a pervasive infl uence on brain structure 
and function.

These early effects of  testosterone on the rat’s developing 
nervous system are referred to as organizational effects, because they 
infl uence the basic layout of  neuronal systems in a more or less 
permanent way. Organizational effects by themselves are not 
suffi cient for adult sexual function, however. Hormones are also 
necessary in adulthood to facilitate and sustain sexual behavior. 
These are called activational effects, because they “turn on” func-
tional systems whose basic structure has developed much earlier 
in life. Activational effects are generally not permanent: The 
continued presence of  hormones is required, or the behavior 
will cease. In male rats, for example, removal of  testosterone 
by castration quickly extinguishes male-typical sexual behavior. 
In female rats, estrogen and progesterone have important activa-
tional effects, controlling the periodic onset and cessation of  
the rat’s sexual receptivity around the estrous cycle. They do this 
by modifying the excitability of  neurons in certain parts of  the 
hypothalamus21 and by causing synaptic connections to form 
and dissolve in a cyclical fashion.22

Although the concept of  organizational and activational 
effects of  sex hormones has proven useful, the distinction between 
the two may not always be as clear-cut as once thought.23 For 
example, organizational effects may occur not merely during early 
development but also at puberty, when the sexual differentiation 
of  the brain continues beyond what has been accomplished during 



T H E  O U T L I N E  O F  A  T H E O RY  s  5 5

the early developmental period.24 And at least one sexually dimor-
phic brain structure has been shown to change size even in adult 
rodents in response to hormonal manipulations.25 This adult 
plasticity apparently refl ects changes in the size of  neurons, how-
ever, and not their number.26 Why some brain systems seem to be 
“set in concrete” after the completion of  early development, while 
others remain somewhat malleable, is not yet understood.

Given that testosterone levels early in development have long-
lasting effects on the organization of  sexually dimorphic brain 
regions such as SDN-POA, it’s hardly surprising that they also 
affect sexual functioning in adulthood. For example, a great deal 
of  research has been done on the two key behaviors involved in 
mating by rodents: mounting (shown most commonly by males) 
and the lordosis refl ex (shown most commonly by females).

William C. Young and his colleagues at the University of  
Kansas performed the key studies in the 1950s.27 They found that 
female guinea pigs that were exposed to testosterone prenatally 
were much more likely to mount other animals in adulthood, and 
less likely to display lordosis when mounted, than untreated 
females. Conversely, males deprived of  testosterone during the 
critical period were less likely to mount other animals and more 
likely to display lordosis than untreated males. In other words, the 
disposition to perform mounting or lordosis in adulthood is a 
consequence of  the organizing effect of  high or low testosterone 
levels, respectively, during early brain development.

These early fi ndings have since been extended to other 
behaviors and to other species. For example, Young’s graduate 
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student Robert Goy went on to direct a many-year study of  
rhesus monkeys at the University of  Wisconsin, starting in 
1971. In rhesus monkeys, pregnancy lasts 166 days, compared 
with only 22 days in rats. Goy’s group found evidence for several 
distinct “critical periods” during a rhesus monkey’s fetal life, 
during which different aspects of  sex-differentiated behavior are 
organized.28

SEXUAL PARTNER PREFERENCE 
IN ANIMALS

The aspect of  behavior that is most relevant to the topic of  this 
book is the preference of  most animals for sexual contact with 
opposite-sex partners. Is this preference “organized” by sex 
hormones during development? The answer is yes—to a degree. 
If  newborn female rats are briefl y exposed to testosterone, for 
example, they will prefer female sex partners in adulthood—
the opposite of  the usual preference for males.29 Conversely, 
male rats that are deprived of  testosterone by castration around 
the time of  birth, and then treated with female hormones in 
adulthood, will prefer males as sex partners.30 Simply treating an 
adult male rat with female hormones has no such effect.

Similar fi ndings have been made in a variety of  other species. 
Female zebra fi nches that are treated with masculinizing hor-
mones while still in the egg or while they are nestlings prefer to 
form lifelong pair bonds with other females in adulthood, rather 
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than with males.31 Male pigs that are castrated soon after birth 
and given estrogen injections in adulthood prefer to approach 
other males and perform sexual solicitations to them, even in 
the presence of  potential female partners. Such behavior is not 
shown by male pigs that were hormonally intact in early life, 
even if  they are castrated and given estrogens in adulthood.32

Still, there are some caveats that need to be expressed. For 
one thing, there may be interactions between these organizing 
effects of  hormones and social factors. In the case of  the zebra 
fi nches, for example, the full masculinizing effect of  early hor-
mone treatment on the partner preference of  female birds only 
occurs if  those birds are also deprived of  social contact with 
males while they are juveniles.33

A second important point is that the actual hormones involved 
differ between species.34 In birds, such as zebra fi nches, estrogen 
rather than testosterone is the circulating hormone that masculin-
izes the brain during development. In rodents and carnivores, 
testosterone plays a signifi cant role,35 but some of its actions 
require conversion to estrogen (by an enzyme named aromatase) 
once it enters the brain.36 In primates, on the other hand, testos-
terone by itself  seems to be the principal hormone: Aromatase 
can also convert testosterone to estrogen in the primate brain, but 
blocking aromatase has much less dramatic effects in primates 
than it does in other mammals. In humans, in fact, genetic muta-
tions that render aromatase completely nonfunctional seem to 
leave male psychosexual development unaffected.37 In other words, 
applying the lessons of  one species to another can be tricky. 
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Testosterone and estrogen may not be the only hormonal 
players infl uencing the sexual differentiation of  the brain during 
fetal life. I mentioned earlier a male-specifi c hormone called 
antimüllerian hormone (AMH) whose main role is to suppress 
the development of  the female reproductive tract. Recently, 
researchers at the University of  Otago in New Zealand studied 
genetically engineered male mice in which AMH (or its recep-
tor) had been knocked out.38 At least one gendered trait was 
affected in these animals: Whereas male mice typically explore 
their surroundings more than females do, the AMH-defi cient 
males showed the lower levels of  exploration typical of  female 
mice. The Otago researchers believe that AMH normally enters 
the brain during prenatal or early postnatal life and contributes 
to male-typical development of  some neuronal systems.

It is also possible that some aspects of  the sexual differen-
tiation of  the brain do not depend on hormones at all. Recall 
that every cell in an animal’s body contains a copy of  that animal’s 
entire genome (its complete genetic endowment) in its nucleus, 
including its sex chromosomes. Thus, all brain cells “know” the 
sex of  the animal they are part of, even without exposure to 
any sex hormones. Do they make any use of  that internal infor-
mation? To answer this question, molecular geneticists have 
produced mice in which the “intrinsic sex” of  brain cells differs 
from the anatomical and hormonal sex of  the entire animal. 
Study of  these animals has shown that the intrinsic sex of  
brain cells does indeed infl uence the sexual differentiation of  the 
brain and sexually differentiated behaviors such as aggression.39 
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These effects are less dramatic than the well-established effects 
of  sex hormones, but the fact that they can be demonstrated at 
all should make us cautious in attributing each and every sex 
difference in brain and behavior to differences in hormone 
levels, whether during development or in adult life.

ORIGINS OF VARIATION WITHIN 
EACH SEX

I’ve outlined what we know about the chain of  events that lead, 
in nonhuman animals, from sex chromosomes, to early hormone 
exposure, to brain differentiation, and fi nally to differences in 
behavior between male and female adults. Do we know anything 
about what factors might modify this chain of  events so as to 
produce a diversity of  outcomes among adults of  the same sex? 

One such factor is genetic variation among individuals of  the 
same sex. For example, male animals are typically more aggres-
sive than females, but individual males differ in aggressiveness. 
To study the biological basis for this variability, Dutch research-
ers bred two strains of  mice, one of  which was reliably more 
aggressive than the other. They found that there were consistent 
biological differences between males of  the two strains, includ-
ing higher circulating testosterone levels during early develop-
ment in the more aggressive mice.40 In another study, a research 
group at Brigham Young University found that male rats from 
two different strains had different-sized SDN-POAs. The rats 
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from the strain with the larger SDN-POAs engaged in more 
aggressive sexual behavior than did those from the other strain.41 
The difference between the strains seems to have been caused by 
genetic differences in the sensitivity of  the rats’ brains to sex 
hormones. 

Another approach to studying the infl uence of  genes on sex-
differentiated behavior is to remove a particular gene of  interest, 
using the techniques of  molecular genetics. University of  Virginia 
researchers, for example, produced female mice lacking one of  the 
genes responsible for the animals’ sensitivity to estrogen: These 
females did not perform lordosis under any circumstances.42 Such 
artifi cial experiments do not necessarily explain the variability in 
sexual behavior within a natural population, but they do offer 
avenues for exploring the roots of  such variability.

Another factor that probably plays a greater role than com-
monly realized is sheer random variability—variability that is not 
controlled by genes but that is the product of  some kind of  
biological “dice-throwing” during development. When we con-
sider that mammals, including humans, possess only 20,000 genes 
or so, and that these genes have to regulate the development of  
billions of  brain cells and all their synaptic connections, along 
with the entire remainder of  the body, it’s obvious that brain 
organization cannot be genetically specifi ed in precise detail. 
Rather, genetic instructions produce trends and tendencies that 
allow for some diversity in outcome.

Here’s one example illustrating the signifi cance of  such 
random variability. In species in which pregnant females carry 
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multiple fetuses at the same time—which is to say, in most 
mammals—both male and female fetuses are likely to be present 
in the same uterus, but chance dictates how many there are of  
each sex and how they are positioned relative to each other. In 
rats and mice, the uterus consists of  two tube-like “horns,” and 
the fetuses are strung out along each horn like peas in a pod. 
Fetuses (of  either sex) that happen to be located between two 
males develop higher levels of  testosterone in their blood than 
do fetuses of  the same sex that lack any male neighbors.43 That’s 
because they pick up some testosterone that has diffused across 
the short space between adjacent fetuses. The extra dose of  tes-
tosterone has a long-lasting effect on the size of  the animals’ 
SDN-POA and on their sexual behavior.44 This particular effect 
is obviously not relevant to the majority of  humans who are 
singletons, but there are probably numerous other ways in which 
nature throws dice to produce diversity in gendered traits.

Finally, environmental factors can infl uence the chain of  devel-
opmental processes so as to produce variability in brain organi-
zation and gender-related behavior among animals of  the same 
sex. Stress is one environmental factor that operates prenatally. 
When pregnant rats or mice are severely stressed during the 
critical period mentioned earlier, the stress is communicated via 
hormonal channels to their fetuses. As a consequence, testoster-
one levels in male fetuses are much lower than usual from the 
18th day of  pregnancy onward (i.e., during the critical period).45 
The SDN-POA of  these prenatally stressed males is smaller 
than in unstressed males, and the animals’ sexual behavior in 
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adulthood is feminized: They are more likely to show the 
lordosis refl ex, and when given a choice of  sex partners they will 
prefer males.46

Postnatal environmental factors that can infl uence sexual 
behavior include social conditions during rearing. I mentioned 
one example earlier: Depriving young female zebra fi nches of  
contact with males intensifi es the effects of  early hormone treat-
ment on their partner preference in adulthood. Goy’s group 
studied the effect of  single-sex group rearing on the play-sex 
behavior of  juvenile rhesus monkeys.47 Generally speaking, 
juvenile males and females display both mounting behavior (the 
typical sexual behavior of  adult males) and presenting behavior 
(the posture adopted by an adult female who is soliciting a 
mount), but juvenile males show more mounting and juvenile 
females show more presenting. Depriving young monkeys of  
the company of  opposite-sex peers, however, increased the like-
lihood that they would show play-sex behaviors typical of  the 
other sex.

Another example of  the effect of  social conditions comes 
from the work of  Bradley Cooke (now at Georgia State 
University) and colleagues. They report that rearing male rats 
in isolation after weaning reduces the size of  a sexually dimor-
phic structure in their brains (a region within the amygdala) in 
adulthood, and also leaves them defi cient in some male-typical 
sexual behaviors.48 Early social isolation reduces testosterone 
levels in male rats.49 These lower testosterone levels may be the 
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reason (or part of  the reason) why isolation affects the develop-
ment of  brain structure and sexual behavior.

Even social experiences before weaning may play a role in the 
development of  sexual behavior. Psychobiologist Celia Moore, 
of  the University of  Massachusetts, found that mother rats lick 
their male infants more than their female infants. The increased 
licking experienced by males contributes to the full develop-
ment of  sexually dimorphic neural structures and male-typical 
sexual behavior in adulthood. This probably happens because 
the sensory experience of  being licked increases testosterone 
secretion in rat pups.50

In Figure 3.1, I’ve sketched the bare bones of  the pathway 
that appears to control the development of  sexual partner pref-
erence, and other gendered traits, in a variety of  nonhuman 
animals that have been studied in the laboratory. Differences 
in levels of  circulating sex hormones—usually testosterone—
during one or more critical periods of  development cause the 
brain to develop in a more male-like or more female-like direc-
tion, and these differences infl uence a spectrum of gendered traits 
in juvenile life and adulthood, including the preference for male 
or female sex partners. Genetic differences, random variability, 
and environmental factors infl uence this pathway by changing 
early sex hormone levels, by modifying the brain’s responsiveness 
to sex hormones, or by changing the developmental sequences 
that intervene between hormone detection, neuronal growth, syn-
apse formation, neurotransmitter release, and so forth.



RELEVANCE TO HUMAN SEXUAL 
ORIENTATION

The remainder of this book is an exploration of the idea that this 
same causal pathway is the principal route by which humans acquire 
their sexual orientation. This is not a new idea. In fact, its roots 
can be traced back to biologically focused sex researchers of the 
early 20th century, such as the German gay-rights pioneer Magnus 
Hirschfeld and the Austrian endocrinologist Eugen Steinach.51 
In the latter part of the 20th century, the German neuroendocri-
nologist Günter Dörner promoted a prenatal hormonal theory 
of human sexual orientation, based in part on experiments in rats.52 
Other researchers have put forward similar ideas.53

Two things have changed in recent years. First, a great deal 
of  new and detailed research has been done, both on humans 
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Figure 3.1 Development of  sexual orientation: basic elements of  
a prenatal hormonal theory.
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and on experimental animals, that has helped strengthen, modify, 
and fl esh out the theory. This new research will be presented 
in the following chapters.

In addition, attitudes have changed over time. Günter Dörner, 
for example, began his research with the point of  view that 
homosexuality was a mental disorder that had a biological cause. 
He suggested a method to prevent homosexuality in men, which 
would be to administer extra testosterone to male fetuses who 
were at risk of  becoming gay adults.54 Later in his career, Dörner 
presented his research in a very different way: He said that it 
demonstrated the natural, nonpathological nature of  homosex-
uality, and that homosexuality should therefore be deleted from 
the World Health Organization’s list of  mental disorders.55 
Dörner’s change of  heart paralleled a broader change in views 
about homosexuality in academe and among the general public 
over the last several decades. Although the issue of  “what makes 
people gay” still has some social, political, and legal resonance, 
most researchers now view sexual orientation as worth studying 
simply because it is a signifi cant aspect of  the diversity that 
makes us human. This is how I aspire to cover the topic in the 
remaining chapters of  this book.

SEXUAL ORIENTATION IN NATURE

Before abandoning my focus on nonhuman animals, however, it’s 
worth taking a brief  look at the question of  sexual orientation 
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in nature. What I’ve discussed up to this point has been, for the 
most part, an account of  how sexual behavior, including sexual 
partner preference, can be infl uenced in laboratory animals by 
hormonal, genetic, or other methods. Of  course, this could be 
read as bolstering a pathological view of  homosexuality, because 
it takes a syringeful of  drugs to produce it. That’s not actually 
how I view the matter, because I see these interventions simply 
as probes into the workings of  a natural process. But to get away 
from the laboratory and all it implies, let’s take a brief  look at 
the wider world of  animal sexuality.

Sexual contacts and partnerships between animals of  the 
same sex have been described in hundreds of  species, according 
to an encyclopedic survey by Bruce Bagemihl.56 Many of  these 
descriptions are casual or anecdotal in nature; nevertheless, such 
behaviors have been closely studied by ethologists in quite a few 
species, ranging from birds to primates.57

For the most part, what has been described is not homo-
sexuality in the sense of  a durable preference for sexual contacts 
or relationships with same-sex partners. Rather, it is same-sex 
contacts by animals that also engage in heterosexual contacts, or 
would do so if  given the chance. Thus, it could be read as illus-
trating a broad bisexual potential in the animal kingdom.

Sometimes, homosexual partnerships have the quality of  
“second-best” choices that are forced on individuals by circum-
stances. That seems to be true for two species of  birds that have 
been closely studied, greylag geese (Anser anser) and western gulls 
(Larus occidentalis). A research group at the Konrad Lorenz 
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Research Station in Austria has observed a fl ock of  free-ranging 
(but nonmigratory) greylag geese over many years.58 These geese 
form sexual pair bonds that typically last 2 or 3 years. At any 
time, some fraction of  the pairs in the fl ock consists of  male–
male pairs. This is related to the fact that there is usually an 
excess of  males in the fl ock, because females are more frequently 
killed by predators. In years when the excess of  males is high, 
the number of  male–male pairs can rise to more than 20% of  
all pairs; in years when males and females are present in approx-
imately equal numbers, it falls to 10% or so. The males who 
form these partnerships tend to be the older birds; these birds 
may be forced into same-sex partnerships because they are 
rejected by females. Male–male partnerships often break up if  
females become available. Although the males in a pair bond 
engage in sexual contact, they don’t do so very amicably. Usually, 
both birds struggle to take the “top” position—the one adopted 
by the male in heterosexual matings.

According to the Austrian researchers, males who lack part-
ners have low rank in the fl ock and may therefore be disadvan-
taged in a variety of  ways, such as being pushed to the outside 
of  the fl ock, where they are exposed to predation. Thus, the 
adaptive value of  these same-sex relationships may be that they 
help males retain some social status. It is possible that some of  
the males have a lifelong preference to bond with other males, 
but this has not been clearly established so far.

Somewhat similar observations were made on western gulls 
by ecologist George Hunt and his colleagues at the University 
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of  California, Irvine.59 During the 1970s, gull colonies on the 
Channel Islands off  the coast of  Southern California had a 
marked excess of  females, because males were weakened by 
exposure to pesticides. Up to 14% of  all nesting pairs during 
that period consisted of  female–female pairs. These birds 
behaved very like male–female pairs, sexually and otherwise. 
Later, when the source of  pollution was controlled and the sex 
ratio returned to equality, the number of  female–female pairs 
fell dramatically.60 Sometime in the mid-1990s I was part of  a 
group of  observers who scoured one island in search of  female–
female pairs, but we found none.

Female–female pairs are not necessarily nonreproductive, 
because individuals in these relationships frequently have sexual 
contacts with male partners outside of  the pair bond. Thanks 
to such behavior, many of  the female–female gull pairs success-
fully hatch their eggs and cooperate in raising their chicks. Thus, 
homosexual relationships may not be as maladaptive in evolu-
tionary terms as they seem at fi rst glance. It’s not known whether 
male graylag geese who engage in male–male relationships father 
offspring by sex with females outside of  their pair bonds.

Turning to primates, one species well known for homosexual 
behavior is our oversexed relative, the bonobo or pygmy chim-
panzee (Pan paniscus). Male and female bonobos engage in fre-
quent sexual contacts with both same-sex and opposite partners: 
No individuals exhibit exclusively homosexual or exclusively 
heterosexual behavior. Homosexual contacts (as well as many 
heterosexual contacts) appear to serve the purposes of  confl ict 
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resolution and alliance formation, according to primatologists 
who have made careful observations of  bonobos.61 Female 
alliances in particular, which are cemented by frequent sexual 
contacts, have allowed females to assert greater dominance in 
bonobo society than is seen among other great apes. 

Paul Vasey, who is an ethologist and anthropologist based at 
the University of  Lethbridge in Canada, has focused on same-
sex behavior among female Japanese macaques (Macaca fuscata).62 
The females observed by Vasey mounted other females on fre-
quent occasions, in addition to engaging in sexual contacts with 
males. This homosexual behavior was only shown by certain 
geographically restricted and genetically distinct populations of  
Japanese macaques.63 According to Vasey, the female–female 
mounting serves no evolutionarily adaptive function, such as 
confl ict resolution or alliance formation. Rather, he suggests 
that females simply “discovered” the pleasurable nature of  
mounting in the course of  mounting males—a behavior they 
sometimes engage in order to stimulate reluctant males into 
sexual activity. Because males don’t always tolerate being 
mounted by females, the females switched to more cooperative 
female partners. Vasey’s theory is not proven, but it does illus-
trate a point worth emphasizing: Not every behavior has to have 
an explicit value in terms of  survival or reproductive success. 
Some behaviors are accidental by-products of  other evolution-
ary adaptations, and are not adaptive in themselves.

Homosexuality, in the sense of  a durable preference for 
same-sex partners, has not been widely described among 
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nonhuman animals. One species in which it does occur, how-
ever, is that of  domesticated sheep (Ovis aries). About 10% of  
rams (males) refuse to mate with ewes (females) but do readily 
mate with other rams.64 Aside from their atypical partner choice, 
the sexual behavior of  these homosexual rams is typical for rams: 
They go through the same series of  behaviors that heterosexual 
rams perform when approaching and mounting females—
including the characteristic head-raised, lip-curling behavior 
known as the fl ehmen response, which helps with the detection of  
sex pheromones—but they penetrate their partners anally rather 
than vaginally. Whether homosexual rams also occur among 
wild sheep is not known. A great deal of  male-on-male mount-
ing does occur in wild sheep species, however.65

Because rams, like men, can be rather cleanly divided 
into homosexual and heterosexual groups on the basis of  their 
preference for male or female sex partners, sheep have become 
the focus of  a research effort to explain what determines an 
individual ram’s sexual orientation. The fi ndings of  this research 
will be presented in later chapters. For now, it’s simply worth 
mentioning that the sexually dimorphic cell group in the sheep’s 
hypothalamus—the one that is equivalent to the rat’s SDN-
POA—is larger in heterosexual rams than in homosexual rams.66 
This fi nding suggests that some aspect of  the developmental 
pathway involving sex hormones and the brain differs between 
rams of  different sexual orientations, in line with the ideas 
developed earlier in this chapter on the basis of  experiments on 
laboratory animals.
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The observation of  homosexual behavior among nonhuman 
animals suggests that the capacity for such behavior could have 
evolved for a variety of  different reasons, some of  which have 
just been mentioned. Of  course, these reasons could be relevant 
to humans too. I will revisit this issue in Chapter 7, in connec-
tion with a discussion of  genetic infl uences on human sexual 
orientation.



This page intentionally left blank 



7 3

This chapter and the next one lay out evidence for the idea 
that gay and straight people differ from each other in 

more than their sexual orientation. To some extent, homosexual-
ity is part of  a “package” of  mental traits, many of  which can 
be considered gender-variant or gender-nonconformist, whereas 
heterosexuality is part of  a package of  gender-typical or gender-
conformist traits. This chapter discusses this idea with regard to 
children, and the following chapter discusses it with regard to 
adults.

On the face of  it, this excursion into psychology is quite a 
departure from the biological issues discussed in the previous 
chapter, and it may not be immediately obvious what the topic 
has to do with the central theme of  this book, which is how 

F O U R

-

Childhood
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sexual orientation develops. In reality, however, there is a close 
connection. The idea will be put forward, partly in these two 
chapters and partly later in the book, that the association 
between sexual orientation and other gendered traits arises 
because all these traits differentiate under the infl uence of  a 
common biological process—the sexual differentiation of  the 
brain under the infl uence of  sex hormones.

Obviously, this point of  view carries a risk of  stereotyping. 
As has been confi rmed by many surveys over past half-century, 
the general population views gay men as relatively feminine 
and lesbians as relatively masculine.1 These beliefs—especially 
when reduced to stereotypical descriptors such as “queeny” 
or “mannish”—have not been exactly helpful in promoting 
respect for gays and lesbians. They can also make it hard for 
men and women who don’t seem to match those stereotypes to 
accept that they are gay, even if  they are conscious of  same-sex 
attraction or engage in homosexual behavior.

A great deal of  diversity is present in the gender-related traits 
of  gay men and of  lesbians, as there is among heterosexual people 
too. Some gay men are so radically gender-nonconformist that 
they border on transexuality. In the other direction, some gay 
men seem indistinguishable from average heterosexual men, or 
even push the envelope of  masculinity beyond the heterosexual 
norm. The converse is true for lesbians. This diversity is widely 
acknowledged, particularly within the gay community—by the 
characterization of  individual lesbians as “butch” or “femme,” 
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for example—but the diversity may take the form of  a contin-
uum rather than distinct types.

Most researchers who have studied the mental traits associ-
ated with sexual orientation have simply compared samples of  
gay and straight people, and have presented the results as aver-
ages. Thus, the diversity within the categories of  gay and straight 
people tends to get ignored. Ultimately, this could limit our 
understanding of  the topic. It could be, for example, that gay 
people who are very gender-nonconformist and those who are 
more conventionally gendered arrive at their sexual orientations 
through quite different pathways, so lumping them together 
might muddy the picture. It is a reasonable fi rst step, however, 
to compare gay and straight men, and lesbian and straight 
women, as if  they are monolithic groups, and to see how far that 
approach takes us. Where relevant research exists, I will discuss 
differences within the categories of  “gay” and “straight.”

DEVELOPMENT OF GENDERED 
CHILDHOOD TRAITS

With regard to childhood, the topic of  this chapter, it’s impor-
tant fi rst of  all to point out that children, like adults, have a 
gender: In other words, there are fairly consistent differences 
in the mental and behavioral characteristics of  boys and girls. 
Here are some examples of  traits that are gendered in childhood. 
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Boys are more active than girls, and they engage in more rough-
and-tumble play.2 Boys and girls have different toy preferences: 
Boys prefer toy vehicles, toy weapons, balls, and construction 
toys; girls have broader preferences, but tend to prefer dolls and 
household items such as toy kitchen implements.3 Girls are more 
interested in infants than are boys.4 Boys have better throwing 
accuracy but girls have better control of  fi ne hand movements.5 
Boys do better than girls at a range of  visuospatial tasks, such 
as targeting (throwing accuracy) and mental rotation (deciding 
whether two objects seen from different viewpoints are identical 
or not).6 Girls have better verbal fl uency than boys.7 Girls are 
more people-oriented; boys are more thing-oriented.8 Boys 
prefer the company of  boys; girls prefer that of  girls.9 Girls’ and 
boys’ voices are recognizably different, even though there is no 
difference in the pitch of  their voices before puberty.10 All these 
statements are statements about averages, of  course, and don’t 
necessarily apply to individual children.

Although there is considerable agreement that childhood 
gender differences exist, there are diverse opinions as to how 
they arise. The traditional feminist perspective, which is closely 
related to the standard social science model mentioned in 
Chapter 2, attributes them principally to parental encourage-
ment, role modeling, peer pressure, and other forms of  social-
ization. There is little doubt that those forces do indeed have an 
effect. In one study, infants whose parents reinforced traditional 
gender-typed behavior came to exhibit more such behavior.11 
And in a very large study of  3-year-old British children, the 
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average gender characteristics of  boys and girls who had an older 
sibling were shifted in the direction of  the sex of  that sibling, 
presumably as a result of  role modeling.12 Even so, these social-
ization effects are quite small; boys with older sisters, for exam-
ple, were far more masculine than any girls, even those girls who 
had older brothers.

A great deal of  evidence suggests that biological factors play 
an important role in infl uencing children’s gender development. 
For one thing, some of  these gendered characteristics exist in 
nonhuman animals, where socialization effects are likely to be 
less strong, if  they exist at all. The greater participation in 
rough-and-tumble play by males, for example, has been observed 
in the young of  apes, monkeys, rodents, and other mammalian 
species.13 The toy preferences of  male and female monkeys 
are uncannily similar to those of  boys and girls, even when the 
monkeys are tested with human children’s toys that they have 
never seen before.14 And juvenile female rhesus monkeys spend 
more time with infants than do juvenile males.15 

Another reason for suspecting that biological factors are at 
work is that some of  these gendered traits arise very early in life. 
The people/thing difference, for example, is present on the 
day of  birth: Newborn girls prefer to look at faces, whereas 
newborn boys prefer to look at mechanical mobiles.16 The 
male superiority in mental rotation is evident by 3–5 months of  
age, before socialization factors could plausibly infl uence this 
trait.17 Differences in toy preference are evident at 3–8 months 
of  age.18
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Finally, there is evidence that prenatal hormones infl uence at 
least some of  these gendered traits. With experimental animals, 
it’s a fairly straightforward matter to demonstrate this. For exam-
ple, the administration of  testosterone to female rhesus monkeys 
during fetal life increases their participation in rough-and-tumble 
play when they are juveniles.19 In sheep, the same treatment causes 
juvenile ewes to rise higher in the female dominance hierarchy 
than ewes who were not exposed to testosterone.20 

In the case of  humans, this kind of  intentional experiment 
would be unethical, but something similar has occurred the 
form of  “experiments of  nature,” meaning genetic conditions 
that affect the hormonal environment during fetal life. One such 
condition is congenital adrenal hyperplasia, or CAH (earlier 
called adrenogenital syndrome). In CAH, a genetic mutation 
knocks out one of  the enzymes involved in the manufacture of  
corticosteroid hormones (hormones produced in the adrenal 
gland). As a by-product of  this condition, the adrenal glands 
secrete higher-than-normal levels of  androgens (testosterone-
like hormones). The condition is generally recognized at birth 
and corrected; thus, the period of  abnormal androgen exposure 
is mainly before birth, although the exact period and degree of  
exposure is not usually known.

In boys, these extra androgens do not have obvious effects, 
because all male fetuses are awash in testosterone. In girls, how-
ever, the effects can be quite marked. In severe cases, the girls’ 
genitals are partially masculinized. In milder cases, in which the 
androgen exposure was less or occurred later in fetal life, there 
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may be few or no abnormalities in the girl’s genitals. (In recent 
years, it has proven possible to diagnose and treat CAH well 
before birth.)

Several groups have investigated whether CAH girls’ expo-
sure to unusually high levels of  androgens has any effect on their 
gendered traits during childhood.21 It does. CAH girls are, on 
average, more active and aggressive than unaffected girls and 
engage in more rough-and-tumble play. They have toy prefer-
ences similar to those of  boys, are better than other girls at some 
visuospatial tasks such as targeting, are less interested in infant 
care or doll play, and are less certain that they want to be moth-
ers when they grow up. These effects tend to be greater in girls 
who have the more severe forms of  the condition and who 
therefore probably had more exposure to androgens.

Another group of  girls who may experience higher-than-
usual levels of  testosterone before birth are those who shared 
a uterus with a boy—in other words, the female members of  
opposite-sex twin pairs. These girls might be human counter-
parts to the female fetuses that develop next to males in the rodent 
studies mentioned in the previous chapter. Whether testosterone 
does indeed spread in signifi cant amounts between human 
fetuses is not known for sure: Direct measurements have not 
been reported, but some subtle anatomical measures related to 
fi nger lengths do suggest that transfer occurs22 (see Chapter 6). 
Researchers who have studied gender-related traits in girls with 
male twin brothers have come up with mixed results: One group 
reported that these girls are more prone to aggression than 
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control girls,23 while another group failed to detect any effect 
on toy preferences.24 Studies on adult women with male twin 
brothers have also yielded mixed results—these will be discussed 
in the next chapter.

Although the opposite-sex twin studies have yielded equi vocal 
results, the CAH studies strongly suggest that prenatal androgen 
levels infl uence a variety of  gender traits in childhood. Still, 
CAH is a special case, and the question remains: Do prenatal 
androgens help generate the diversity in gender characteristics 
among the general population of  healthy girls (or boys)?

Melissa Hines and her colleagues at London’s City University 
approached this question by measuring testosterone levels in the 
blood of  several hundred pregnant women, and then studying 
the children who resulted from those pregnancies.25 (Sampling 
the mothers’ rather than the fetuses’ blood is less than ideal, but 
obtaining fetal blood samples is too invasive for this kind of  
study. Maternal testosterone levels do give some idea of  the 
testosterone levels to which the fetus is exposed.) Among the 
girls born of  these pregnancies and studied at 3 years of  age, 
gender characteristics were strongly related to maternal testos-
terone: The higher the testosterone levels, the more masculine 
were the girls’ gendered traits. In contrast, these traits appeared 
to be unaffected by a variety of  potential socialization factors, 
such as the presence or absence of  a man in the home. More 
recently, Hines (along with Bonnie Auyeung, Simon Baron-
Cohen, and others) has measured testosterone in amniotic fl uid 
rather than in the mother’s blood. With this improved sampling 
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method, the researchers were able to show that higher prenatal 
testosterone levels were associated with more masculine play 
behavior, in both girls and boys.26 Another study found that 
lower prenatal testosterone levels were associated with greater 
empathy at 6–8 years of  age.27 

I don’t want to leave readers with the impression that every-
thing is cut and dried, and that all fi ndings support the simplest 
model, which is that high prenatal testosterone leads to mascu-
line traits and low levels lead to feminine traits. It’s not that 
simple. For example, although girls with CAH are better at 
targeting than other girls, they are not better at mental rotation, 
according to a study by Hines’ group.28 And CAH boys actually 
performed worse at mental rotation than other boys—the oppo-
site of  what one would have predicted on the basis of  the sim-
plest model. This anomalous fi nding was supported by another 
study, in which high prenatal testosterone in normal boys was 
related to slightly lower performance on a mental rotation task 
at 7 years of  age.29 

Such anomalous fi ndings are no reason to abandon the 
general hypothesis, but they do suggest that there are complexi-
ties that need to be explored. For example, a full accounting will 
probably require more attention to the timing of  testosterone 
exposure (mental rotation might be organized postnatally rather 
than prenatally, for example) and to nonlinear effects (meaning that 
testosterone might have its greatest masculinizing effect on a 
trait at some intermediate level, and less effect at both lower and 
higher levels). I will return to these issues later in the book.
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CHILDHOOD TRAITS ASSOCIATED 
WITH ADULT SEXUAL ORIENTATION: 

RETROSPECTIVE STUDIES

Do children who become gay adults (pre-gay children) differ from 
children who become straight adults (pre-straight children)? 
There’s one major obstacle to answering this question, of  course, 
which is that neither children themselves, nor the people who 
nurture them or study them, can know for sure what the future 
sexual orientation of  any particular child will be. So, how can 
we study the characteristics of  pre-gay children and compare 
them with those of  pre-straight children, if  we don’t which are 
which?

The most obvious and widely used method is retrospective. 
Adults remember their childhoods (although not infallibly), 
and many have provided descriptions of  what they were like 
as children. Here, for example, are extracts from two men’s 
published autobiographies:

[My father] loved power tools and guns, old Cadillacs, pickup 

trucks, and campers. I didn’t. He liked to build houses, hunt 

deer, and tinker with engines, and he would have enjoyed 

having me working and playing at his side, but while he was 

out in the shop painting, plumbing, or rewiring, I was lying 

on the living room fl oor, listening on the radio to Milton 

Cross narrate Texaco’s “Saturday Morning at the Opera.”
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I grew up in the projects with a small group of  friends, and we 

spent all our time thinking, talking, and playing sports. . . . 

[My father] taught me how to throw a curve, and he often got 

us bleacher seats for Red Sox games at Fenway Park. These 

games were the most exciting part of  my youth. . . . I felt 

I belonged in the game. It was as if  somebody had injected 

baseball into my veins, and from then on it was always in my 

blood.

Which of  these two narratives was written by a gay man and 
which by a straight man? The answer, actually, is that both were 
written by gay men. The fi rst was written by Mel White, the 
well-known gay clergyman and author.30 The second was written 
by Dave Pallone, the National League baseball umpire who 
came out as gay after he left the sport.31 Individual recollections 
by gay men, then, are quite diverse, as are those of  lesbians, 
straight women, and straight men. Some accounts match stereo-
types; some don’t.

Psychiatrists who have seen many gay men in their practices 
do report that such men consistently speak of  having been 
gender-nonconformist during their childhoods. Thus, Richard 
Isay, himself  a gay man, wrote as follows:

Each of  the several hundred gay men I have seen in consulta-

tion or treatment over the past 30 years has described having 

had one or more gender-discordant traits during childhood. 

Most frequently, they report a lack of  interest in “rough-and-

tumble” or aggressive sports; many speak of  having preferred 
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to play with girls rather than other boys. . . .  Almost all recall 

that as children they felt a close bond with their mothers, with 

whom they shared many interests.32

Reports such as this suggest that the stereotypes are correct, but 
still, there is reason for caution in interpreting them. Typically, 
these reports deal with gay men, not lesbians. And they may 
not be representative of  all gay men: Boys who are strongly 
gender-nonconformist are more likely than other boys to experi-
ence anxiety and depression in adulthood,33 and for this reason 
may be more likely to end up in therapy. Finally, such studies 
are not quantitative, and they lack control groups of  non-gay 
subjects. 

To get beyond these potential problems, researchers have 
interviewed large numbers of  gay and straight adults about their 
childhood and applied statistical tests to the results. In a 1983 
study, for example, Ray Blanchard and his colleagues at Toronto’s 
Centre for Addiction and Mental Health used this method to 
conclude that pre-gay boys are less physically aggressive than 
pre-straight boys.34 In another study from the same period, 
UCLA psychologists gave questionnaires to 792 subjects—198 
gay men, 198 lesbians, 198 straight men, and 198 straight 
women—who were recruited from the general population.35 
The questionnaires asked about 58 play and sports activities in 
earlier and later childhood. The responses for one activity—
participation in baseball at age 5–8—are shown in Figure 4.1.

Overall, the study documented very sizeable and statistically 
signifi cant shifts in the gender-typed behaviors of pre-gay children, 



both boys and girls, compared with pre-straight children of  the 
same sex. Pre-gay children participated less in gender-typical 
activities and more in gender-atypical activities. Still, not all 
children—whether pre-gay or pre-straight—conformed to these 
patterns.

In the mid 1990s, Michael Bailey and Kenneth Zucker 
reanalyzed the data from 41 retrospective studies of  this kind.36 
They confi rmed that differences exist between the gender 
characteristics of  pre-gay and pre-straight children, always in the 
direction of  gender-nonconformity among the pre-gay children. 
These differences were very sizeable and statistically signifi cant 
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Figure 4.1 Sports participation. This bar graph shows the percentage of  
straight and gay men and women, interviewed around 1980, who said they 
played baseball between ages 5 and  8. If  the study were repeated today, it 
might well show smaller differences, given the increased participation in 

sports by girls. Data from Grellert et al., 1982.
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for both pre-gay boys and pre-gay girls, but the differences were 
larger for boys than for girls. In other words, based on these 
retrospective data, gender-nonconformity in childhood is more 
predictive of  adult homosexuality for boys than for girls.

Several further studies of  this kind have been carried out 
since the time of  Bailey and Zucker’s meta-analysis, with similar 
results.37 For example, one recent study focused on the question 
of  how consistently pre-gay boys differ from pre-straight boys 
across different cultures.38 For the study, several hundred gay 
and straight men in Turkey, Brazil, and Thailand were ques-
tioned about their childhood characteristics. The fi ndings were 
very consistent: In all three cultures, pre-gay boys were less 
aggressive and less interested in sports than pre-straight boys. 
They were more likely to have associated with girls and to have 
participated in typical girls’ activities. The study also included 
samples of  self-identifi ed bisexual men: These men reported 
childhood characteristics that were intermediate between those 
reported by gay and straight men, but they were generally closer 
to those of  the straight men.

Another recent study, carried out by a Finnish group led by 
Katarina Alanko, focused on twins.39 This study confi rmed the 
association between childhood gender-nonconformity and adult 
homosexuality, and again found that this association, although 
present in both sexes, was stronger for males than for females. 
The study also made use of  the twin paradigm to investigate 
genetic effects underlying the association. I’ll discuss this aspect 
of  the study in Chapter 7.
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Further bolstering the fi ndings of  these studies are reports 
by anthropologists who have studied a variety of  non-Western 
cultures. In most cases, these studies have focused on men who, 
in adulthood, take on a feminine or mixed-gender role and who 
partner sexually with more conventionally gendered men. As 
already mentioned in Chapter 1, such individuals usually have a 
history of  marked femininity during childhood.40 The anthro-
pological literature on women is much more limited, but to the 
extent that it exists, it supports the relationship between cross-
gendered behavior in childhood and adult homosexuality. The 
Mohaves of  the American West, for example, recognized a group 
of  girls called hwame who “threw away their dolls” and, in adult-
hood, married women.41 Because the anthropological literature 
focuses for the most part on homosexual adults who are gender-
nonconformist or even transgendered, it leaves unclear whether 
there have been more conventionally gendered homosexual 
adults in non-Western cultures, and if  so what their childhood 
characteristics may have been.

With all retrospective studies the potential problem is that 
recollections may be inaccurate. This could happen if  gay adults 
are “looking for reasons” why they are gay or want to conform to 
stereotypes. It has been claimed, for example, that Radclyffe Hall, 
author of  the 1928 lesbian classic The Well of Loneliness, invented 
a masculine childhood for herself  that didn’t correspond to 
reality.42 Equally, straight adults might forget or be unwilling to 
admit to gender-nonconformist childhood characteristics if  those 
characteristics caused them embarrassment or led to bullying. 
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It seems unlikely that inaccurate recollections of  this kind could 
account for the very large and consistent differences that have 
been reported in the retrospective studies, but the possibility has 
spurred psychologists to come up with new approaches.

One novel study of  this kind involved home videos.43 
Researchers from Michael Bailey’s group at Northwestern 
University, led by Gerulf  Rieger, recruited gay and straight men 
and women who possessed videos of  themselves as children. 
The researchers prepared short clips from these videos and 
showed them to judges, who were also gay and straight men and 
women. Although the judges were not told the subjects’ sexual 
orientations, they nevertheless rated the pre-gay children as 
far more gender-nonconformist than the pre-straight children, 
consistent with the fi ndings of  the retrospective studies just 
discussed. What’s more, the observers’ judgment of  the videos 
correlated quite well with the subjects’ own description of  
their childhood characteristics, suggesting that such self-recall 
is fairly accurate. The differences between the pre-gay and pre-
straight children began to emerge at about 3 years of  age and 
increased over the following few years. I will return to this study 
in Chapter 9, when I discuss the topic of  “gaydar.”

PROSPECTIVE STUDIES

The ideal method to pin down the relationship between child-
hood traits and adult sexual orientation would be to recruit a large 
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group of  children from the general population, study them in as 
much detail as possible, and then follow them through to adult-
hood. Something like this may eventually be possible, given the 
existence of  longitudinal studies such as the National Children’s 
Study, now getting under way, which is intended to closely follow 
100,000 American children from birth until 21 years of  age.44 
Still, political and social considerations may limit researchers’ 
ability to use this and similar studies to address sensitive topics 
like gender-nonconformity and sexual orientation.

In the meantime, a few dedicated researchers have carried 
out longitudinal studies on their own initiative. The strategy of  
these studies has been to select a group of  markedly gender-
nonconformist children, along with a comparison group, and to 
see what becomes of  these children as they grow up.

The best-known of  these studies is one conducted between 
the late 1960s and early 1980s by psychiatrist Richard Green 
while he was at UCLA.45 Green later became research director 
of  the Gender Identity Clinic at London’s Charing Cross 
Hospital; he is the life partner of  Melissa Hines, whose research 
on gender development was discussed earlier in this chapter.

Green recruited 66 feminine boys, as well as 56 boys who 
were matched for a number of  demographic variables but were 
unselected for gender traits. (They were not specifi cally chosen 
to be “masculine.”) The feminine boys were not just slightly 
unmasculine: Most said that they would have preferred to be 
girls, and some came across almost like miniature transexuals. 
They often expressed severe dissatisfaction with their biological 
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sex (gender dysphoria). Here is part of  an interview with a 5-year-
old boy, “Richard,” whose parents brought him to Green on 
account of  his persistent cross-dressing and avoidance of  male 
playmates:

Green: Have you ever wished you’d been a girl?

Richard: Yes.

Green: Why did you wish that?

Richard: Girls, they don’t have to have a penis.

Green: They don’t have to have a penis?

Richard: They can have babies. And—because they—it doesn’t 

tickle when you tickle them here.

Green: It doesn’t tickle when you tickle them here? Where your 

penis is?

Richard: Yeah. ’Cause they don’t have a penis. I wish I was a girl.

Green: You wish you were a girl?

Richard: You know what? I might be a girl.

Green interviewed the boys, and their parents, repeatedly during 
the boys’ childhood and adolescence. The results were striking: of  
the 35 boys in the control group whom Green was able to follow 
through to adolescence or young adulthood, all were heterosexual; 
of  the 44 feminine boys whom Green was able to follow up, 
only 11 were heterosexual and 33 were homosexual or bisexual. 
In other words, the markedly feminine boys were likely to become 
gay or bisexual adults. Still, there were exceptions, and “Richard” 
was one of them: Interviewed at age 18, he gave every indication 
of being heterosexual, both in feelings and actual sexual behavior.
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Several other prospective studies, mostly less ambitious than 
Green’s, have reached similar conclusions: Marked femininity in 
boys is a predictor of  adult homosexuality.46 Perhaps counter to 
expectations, only a few feminine boys in these studies developed 
into transexual adults.47 It should be borne in mind, however, 
that transexuality is very much less common than homosexuality; 
thus, even if  male-to-female transexuals have a history of  marked 
childhood femininity—and many do—a small sample of  femi-
nine boys may not include any future transexuals.

A recent Dutch study helped clarify this issue.48 The researchers 
studied 41 young adults (both male and female) who had been 
diagnosed with gender dysphoria during childhood. The major-
ity were no longer gender dysphoric, meaning that they were now 
satisfi ed with their biological sex. Some, however, were still gender 
dysphoric, and those tended to be the individuals who were most 
strongly gender dysphoric when they were children. All of  the 
girls and boys who remained gender dysphoric in adulthood were 
homosexual or bisexual. Of the boys who were no longer gender 
dysphoric, about half  were homosexual or bisexual. In contrast, 
of  the fi ve girls who were no longer gender dysphoric, all described 
themselves as heterosexual. A similar recent study from Ken 
Zucker’s research group at Toronto’s Centre for Addiction and 
Mental Health focused on 25 gender-dysphoric girls.49 Again, in 
adulthood, most of  these girls became satisfi ed with their bio-
logical sex. In this study, however, about one-third of  the subjects 
were sexually attracted to women (or to both sexes), and these 
were not just the minority who remained gender-dysphoric.
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Looking at all of  the prospective studies, it seems that marked 
gender-nonconformity in childhood, especially when the child 
expresses a persistent wish to be of  the other sex, greatly increases 
the likelihood that a child will develop sexual attraction to his or 
her own sex in adulthood. The predictive power of  this associa-
tion is greater for boys than for girls: Perhaps 50%–80% of  such 
boys develop sexual attraction to males, but only about one-third 
of  girls develop sexual attraction to females.

The retrospective and prospective studies have strengths 
and weaknesses that complement each other. The retrospective 
studies look at the broad population of  gay people, but could 
suffer from problems caused by inaccurate recall. The prospec-
tive studies avoid problems of  recall, but focus on what is prob-
ably an atypical minority of  pre-gay children. Looked at together, 
the studies make a very strong case that pre-gay children 
are gender-nonconformist when compared with pre-straight 
children.

At the same time, the future sexual orientation of  any particu-
lar girl or boy, no matter what his or her gender characteristics 
may be, cannot be predicted with certainty. The “average” gay 
adult has a history of  only moderate gender-nonconformity, but 
the average child who is moderately gender-nonconforming may 
very well become a heterosexual adult. In fact, for girls at least, 
the majority go that route. Thus, the point of  this survey is not 
to demonstrate that a child’s future sexual orientation is predict-
able—it may be for a few children, but for most it is not. Rather, 
the point is to clarify that there is a general and statistically very 
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signifi cant association between childhood gender traits and 
adult sexual orientation, an association that requires some 
explanation.

CONTRASTING MODELS

Two general kinds of  explanations have been put forward. In one, 
childhood gender characteristics, whatever their origin, are a 
causal link in the development of  adult sexual orientation—a 
link that involves social interactions of  some kind. To give 
a concrete example, psychologist Daryl Bem of  Cornell University 
proposed what he called the “exotic becomes erotic” theory of  
sexual orientation.50 This theory proposes a fi ve-step causal 
sequence leading to an adult person’s sexual orientation:

1. Biological factors such as prenatal hormones infl uence 
a child’s personality, especially gendered traits such as 
aggressiveness. 

2. These personality traits induce the child to prefer certain 
gender-conforming or gender-nonconforming activities, and 
therefore to socialize with same-sex or opposite-sex peers.

3. Children come to feel similar to the children with whom 
they usually associate, and different from the children with 
whom they do not usually associate. 

4. The sense of  difference causes psychological arousal (antip-
athy, apprehension) in the presence of  children with whom 
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they do not usually associate. For example, gender-
conforming girls are aroused in the presence of  boys, while 
gender-nonconforming girls are aroused in the presence of  
girls. In the case of  gender-nonconforming children, this 
arousal is heightened by taunting from same-sex peers.

5. This psychological arousal later becomes transformed into 
sexual attraction. Thus, gender-conforming girls develop 
sexual attraction to males, and gender-nonconforming girls 
develop sexual attraction to females, and vice versa for boys.

Because theories such as Bem’s propose that biological factors 
such as genes and sex hormones have direct effects only on non-
sexual childhood gender traits, and not on sexual orientation, 
they imply that a child’s psychosexual outcome as gay or straight 
will depend, not only on these biological factors, but also on 
the proposed intervening social factors. In Bem’s model, for 
example, a child who was moderately gender-nonconformist due 
to biological factors, but who nevertheless associated happily 
with same-sex peers and did not experience taunting, would not 
become gay, because the “arousal” linking gender-nonconformity 
to homosexuality would be missing. Thus, Bem’s model seems 
to imply that adult homosexuality could be averted—if  that 
was desired—by identifying gender-nonconformist children 
and applying measures to reduce their gender-nonconformity, 
to increase their socialization with same-sex peers, to diminish 
their anxiety or apprehension, or to reduce taunting. There is 
no actual evidence that interventions of  this kind affect a child’s 
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ultimate sexual orientation, however, and I am somewhat 
skeptical that they would do so.

Another model of  the same general kind was put forward 
earlier by Richard Green.51 Green suggested that femininity in 
boys triggers rejection from fathers and male peers, leading to a 
yearning for close contact with males (“male-affect starvation,” 
in Green’s phrase). This yearning may cause the adolescent to 
seek sexual relationships with males and to derive satisfaction 
from such relationships. As with Bem’s model, Green’s model 
implies that interventions to reduce a boy’s femininity or to 
improve his relationships with his father and male peers would 
decrease the likelihood of  his becoming a gay adult.

In a second kind of  explanation, childhood gendered traits 
are linked to adult sexual orientation, not through a “socializa-
tion loop” of  the kind proposed by Bem and Green, but because 
they are both components of  a “package” of  gendered traits 
that tend to develop in a more sex-typical or sex-atypical direc-
tion under the infl uence of  common biological drivers, such as 
genes and hormones. This explanation appeals to the concept, 
outlined earlier on the basis of  animal experiments, that levels 
of  androgens during early development organize the brain 
circuits that mediate a wide variety of  gendered traits, including 
sexual orientation, even though these traits may emerge at quite 
different times in postnatal life. In this kind of  model, there 
is no particular reason to think that early interventions of  the 
kind just described would change the child’s ultimate sexual 
orientation.
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Choosing between these two kinds of  explanations requires 
more information that I’ve presented so far, and therefore I’ll 
postpone a discussion of  which kind of  explanation has greater 
merit until a later chapter. As a general comment, though, it’s 
worth pointing out a widespread misperception. This is the idea 
that biological factors such as genes and hormones exert their 
effects only at the beginning of  life—giving the individual a 
hefty kick in a certain direction, as it were—and that socializa-
tion and the general vicissitudes of  life take over thereafter. 
In reality, genes and hormones exert a sustained or even growing 
infl uence over the life span. Thus, for example, the heritability 
of  many psychological traits—the fraction of  the variability in 
these traits that can be attributed to genetic differences between 
individuals—actually increases from childhood into adulthood.52 
Thus, there is no a priori reason to conclude that social pro-
cesses help decide whether a person becomes gay or straight, 
simply by virtue of  the fact that a many-year gap exists between 
birth and the awakening of  same-sex or opposite-sex desire.
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For the most part, adults are aware of  the direction of  their 
sexual feelings and therefore know what their sexual orien-

tation is. Thus, the central problem of  the previous chapter—
identifying the pre-gay and pre-straight children—doesn’t arise 
when considering the characteristics of  gay and straight adults. 
It’s usually suffi cient to recruit samples of  adults who are willing 
to give information about themselves in the confi dential setting 
of  an interview, written questionnaire, or Internet-based survey. 
Thus, a large number of  studies have focused on what differ-
ences or similarities may exist between people of  different sexual 
orientations. More such studies are added every year.

Many of  these studies report on traits that are known 
to differ, on average, between men and women—gendered or 
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sex-biased traits, in other words. It could perhaps be argued that, 
by choosing to focus selectively on such traits, investigators are 
turning a stereotype into a self-fulfi lling prophecy. Still, the results 
are not a wholesale confi rmation of  the “gender inversion” con-
cept of  homosexuality, as we’ll see. Some traits appear to be fully 
gender-transposed in gay people, some are shifted part of  the way 
toward the other sex, some are transposed only in gay men or only 
in lesbians, some are not shifted at all, and one or two are even 
shifted in the opposite direction to what stereotypes might lead 
one to predict. Thus, even if  preexisting hypotheses do motivate 
the choice of  research topic, the outcomes don’t seem to refl ect 
a consistent bias on the part of  the investigators.

Another reason not to be too concerned about the focus 
on gendered traits is that many, perhaps most mental traits 
are gendered to a greater or lesser degree. Thus, restricting our 
attention to gendered traits doesn’t exclude as much of  the 
human mind from consideration as we might imagine.

GENDERED TRAITS IN ADULTHOOD

What follows is a brief  summary of  traits that differ, on average, 
between men and women. Some of  these are simply the continu-
ation of  gendered traits of  childhood, or could be thought of  as 
adult versions of  those traits (for example, actual aggression 
versus play-fi ghting). Others, especially in the area of  sexuality, 
seem to arise for the fi rst time at puberty.
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In the area of  cognition, women perform better than men at 
some memory tasks, including episodic memory (memory of  
events), verbal memory, and memory of  the locations of  objects. 
They are also better at tests of  verbal fl uency (quickly coming up 
with words that match a certain category) and some other verbal 
skills, face recognition, and behavioral tasks requiring fi ne hand 
movements. Men perform better than women at a variety of  
visuospatial tasks such as mental rotation, targeting accuracy, and 
navigation (especially when navigating by distant landmarks or 
compass directions rather than by local cues).1 Men are slightly 
more likely than women to be left-handed or mixed-handed.2 

In the area of  personality, men rank higher than women on 
measures of  assertiveness, competitiveness, aggressiveness, and 
independence. (These getting-things-done traits are sometimes 
referred to collectively as instrumentality.) Women rank higher 
than men on measures of  expressiveness, sociability, empathy, 
openness to feelings, altruism, and neuroticism. (This last item 
includes the tendency to depression, anxiety, self-consciousness, 
and low self-esteem.) Men prefer thing-oriented activities and 
occupations (e.g., carpenter), whereas women prefer people-
oriented activities and occupations (e.g. social worker).3 Women 
have better-developed aesthetic interests and less-developed 
technological interests than men.4 And, as one might expect, when 
asked to place themselves on a scale of  masculinity–femininity 
men rate themselves more masculine and women rate themselves 
more feminine.5 Simon Baron-Cohen, of  Cambridge University, 
has argued that systemizing—interest in rule-governed systems 
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outside of  the social domain, such as computers—is a basic 
quality of  the male mind.6 

Marked sex differences exist in the area of  sexuality. Men are 
more interested than women in casual or uncommitted sex, have 
more accepting attitudes toward such behavior, and make more 
attempts to engage in it.7 Men have a greater desire for variety 
in their sex lives, including a greater interest in having multiple 
partners.8 There are sex differences in jealousy: Men are more 
likely than women to experience sexual jealousy (fear that their 
partner is having sex with another person), whereas women are 
more likely than men to experience emotional jealousy (fear that 
their partner is becoming emotionally involved with another 
person).9 Men are far more likely to have unusual sexual inter-
ests (such as fetishisms) and to suffer from paraphilias (sexual 
interests or practices that are suffi ciently distressing or harmful 
to be deemed pathological).10 They are also more likely to engage 
in sexual aggression.11 Men and women differ to some extent in 
the criteria they use to judge sexual attractiveness: Men focus 
more than women on the youthfulness of  their potential part-
ners, whereas women focus more than men on nonphysical attri-
butes such as personality, wealth, and power.12 Men are more 
interested in visual sexual stimuli, including pornography.13 
Men masturbate more than women.14 

There is, of  course, the basic difference in sexual orienta-
tion, with men more likely to experience attraction to women 
(gynephilia—see Chapter 1), and women more likely to experi-
ence attraction to men (androphilia). This difference carries 
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along with it more specifi c attractions to physical characteristics 
of  the other sex, such as breasts or a muscular physique. Other 
differences related to sexual orientation include a greater pre-
valence of  exclusive homosexuality among men and a greater 
prevalence of  bisexuality among women. There is also a clearer 
association between genital arousal and self-declared sexual 
orientation in men than in women. These issues were discussed 
in Chapter 1.

ORIGIN OF GENDERED TRAITS

As with childhood traits, the gendered traits of  adults appear 
to be infl uenced by biological factors, such as genes and sex 
hormones. First, many of  the sex differences exist widely across 
different countries and cultures, including illiterate populations 
as well as among those who are well-educated, and across societ-
ies that enforce traditional gender roles as well those that are 
more egalitarian.15 In fact, contrary to what one might expect 
on the basis of  a simple socialization model, gender differences 
in personality seem to become more marked as societies cast off  
traditional expectations about the roles of  men and women.16 

Several of  the traits that are gendered in humans are also 
gendered in nonhuman primates and other mammals. For exam-
ple, males and females of  other mammalian species, such as rats, 
differ in their navigational skills and in the cues they use while 
navigating, and these differences mimic quite closely those 
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described in humans.17 Even male and female cuttlefi sh, which 
are invertebrates related to squid, use different strategies to 
navigate18; these differences could hardly result from socializa-
tion, because cuttlefi sh parents pay no attention to their off-
spring after hatching.19 

Genes help establish the diversity in gendered traits that is 
seen among individuals of  the same sex. This conclusion comes 
mainly from studies of  twins—specifi cally, from the observa-
tion that monozygotic (“identical”) twin pairs, who possess the 
same genes, are more similar to each other in gendered traits that 
are same-sex dizygotic (“fraternal”) twins, who share only about 
half  their genes. Estimates of  the heritability of  gendered traits 
range around 40%–50%, which is quite similar to the heritabil-
ity of  a wide range of  other psychological traits.20 

I mentioned in the previous chapter that girls affected by 
congenital adrenal hyperplasia (CAH)—who were exposed to 
unusually high levels of  androgens before birth—are shifted in 
the masculine direction in a variety of  gendered traits. This shift 
remains evident through adolescence into adulthood, affecting 
self-assessed masculinity–femininity, as well as specifi c cognitive 
skills such as targeting.21 Still, not all gendered traits are shifted 
to the same degree: Whereas childhood toy preferences are very 
strongly affected, pushing CAH girls most of  the way toward 
boys’ preferences, the position of  adult CAH women on the 
continuum of  self-assessed masculinity–femininity is shifted 
only a small part of  the way toward men’s average position on 
this continuum.
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The fi ndings on CAH women don’t necessarily tell us 
whether differences in prenatal hormone levels contribute to the 
variability in gendered traits among healthy women, or among 
healthy men. Ideally, this question would be studied by measur-
ing testosterone levels in a sample of  healthy fetuses and then 
examining those individuals’ gendered traits when they are 
adults. There aren’t many studies of  this kind, because of  the 
long waiting period involved. In one study, however, John Udry 
and his colleagues at the University of  North Carolina took 
advantage of  blood samples that had been drawn from 350 
pregnant women and stored for many years.22 

Before describing Udry’s fi ndings, it’s necessary to explain a 
small complication concerning testosterone levels. Testosterone 
can exist either as free molecules in solution in the blood, or it 
can be bound to proteins, especially a “carrier protein” called sex 
hormone binding globulin (SHBG). Only the free testosterone is avail-
able to exert a hormonal infl uence on the brain or other tissues. 
Thus, the higher the SHBG in the mother’s blood, the less free 
testosterone is available to have an effect on the fetus.

Udry’s group measured both testosterone and SHGB in the 
stored blood samples. They also interviewed the women, who by 
then had reached their late 20s, to obtain a broad measure of  
the women’s gendered behaviors and feelings. There was no rela-
tionship between the total testosterone levels in the mothers 
during pregnancy and their daughters’ gender traits. There was, 
however, a signifi cant relationship between maternal SHGB 
levels and daughters’ gender traits: The lower the SHGB levels 
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(and therefore, the higher the fetuses’ likely exposure to free 
testosterone), the more the daughters scored toward the masculine 
end of  the gender spectrum. The authors concluded that varia-
tions in prenatal testosterone exposure do indeed explain a sig-
nifi cant part of  the variability in gendered traits among healthy 
women. Only testosterone exposure during the second (middle) 
trimester of  pregnancy affected the daughters’ gender.

There are also less direct ways of  probing the relationship 
between prenatal androgen exposure and adult gender. These 
involve fi nding markers—measurable anatomical or physiologi-
cal characteristics—that are believed to give some indication of  
an individual’s exposure to androgens before birth. The charac-
teristics that are thought to serve as markers include such things 
as the relative length of  different fi ngers, bodily asymmetries, 
and certain functional properties of  the auditory system. I will 
discuss these markers in more detail in later chapters. For now, 
it’s just worth pointing out that studies of  these markers do 
offer support for the idea that prenatal androgen levels infl uence 
the variability in gendered traits among healthy adults of  the 
same sex, but the fi ndings are sometimes weak or inconsistent 
between studies.23 

In line with the idea that sex hormones exert both organiza-
tional effects during development and activational effects in 
adulthood, variations in adult sex hormone levels may also con-
tribute to variability in gendered traits. This is most obvious 
with radical changes such as the profound drop in testosterone 
levels in adult men whose testicles are removed. Such castrated 



C H A R AC T E R I S T I C S  O F  G AY  A N D  S T R A I G H T  A D U LT S  s  1 0 5

men experience a major reduction in sex drive and aggressiveness 
over time. More interesting and subtle are the psychological 
changes that accompany the rise and fall of  sex hormone levels 
around a woman’s menstrual cycle: These include changes both 
in cognitive skills and in sexual feelings and behaviors. For 
example, heterosexual women experience a shift in partner pref-
erence toward more masculine-looking men near the time of  
ovulation.24 (Some popular accounts have represented this as a 
dramatic swing in sexual preferences—from nurturing sweeties 
to square-jawed hunks and back—but in reality it’s only a very 
modest shift.)

In addition, differences in hormone levels among individual 
adults might help generate the diversity of  cognitive abilities 
that exists in the population. For example, according to some 
studies, women with higher testosterone levels tend to perform 
better at visuospatial tasks, as if  testosterone is important 
both as an organizer and an activator for visuospatial abilities. 
Men, on the other hand, may show the opposite relationship: 
In some studies, lower testosterone levels have been associated 
with better visuospatial performance.25 This is reminiscent of  
the paradoxical fi ndings in CAH boys, mentioned in the previ-
ous chapter: Those boys, who were exposed to unusually high 
testosterone levels prenatally, also performed worse at visuospa-
tial tasks than other boys. Thus, it seems that the optimal tes-
tosterone levels for visuospatial abilities may lie somewhere in 
the low masculine range, rather than at the top of  the masculine 
range, as one would intuitively guess. In other words, there might 
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be a nonlinear relationship between testosterone levels and 
visuospatial ability, both during early development and during 
adult life.

There is a reason for all the “mays” and “mights” in the 
previous paragraph, however, because at least one well-designed 
study failed to detect any relationship between adult hormone 
levels and performance in visuospatial tasks, either in men or in 
women.26 (In this study, the women were all tested at the same 
phase of  their menstrual cycles, thus eliminating cycle-related 
fl uctuations.) The association between hormone levels and 
cognitive function in healthy adults therefore needs further 
exploration.

The variations in testosterone levels that do occur among 
healthy adults of  the same sex may in part refl ect variations 
in the same hormone during development. In Udry’s study, 
mentioned earlier, the female fetuses that were exposed to high 
levels of  free testosterone developed into adult women who also 
had relatively high levels of  circulating testosterone. So, there 
may be an organizational effect of  prenatal testosterone on adult 
testosterone levels. Alternatively, prenatal and adult testosterone 
levels may be correlated because of  a common factor infl uenc-
ing both, such as the possession of  certain genes. However, envi-
ronmental factors such as stress, nutrition, and marital status 
can also affect the adult levels of  testosterone and other sex 
hormones in dramatic ways, and sex hormone levels decline 
with aging in both sexes. Thus, adult testosterone levels are not 
set in concrete by any biological mechanism.
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SEXUAL ORIENTATION AND 
COGNITIVE TRAITS: 

VISUOSPATIAL ABILITIES

I now turn to research on cognitive differences between gay and 
straight people, starting with visuospatial skills. The visuospa-
tial test that shows the most consistent and large sex difference 
is the mental rotation test, in which men outperform women. 
At least six research groups have conducted sizeable studies 
comparing performance at this task between gay and straight 
subjects. Five of  these studies—one of  them an Internet-based 
test taken by several hundred thousand subjects from around 
the world (see Fig. 5.1)—reported that gay men perform less 
well than straight men.27 The sixth study failed to fi nd any 
difference between gay and straight men.28 With regard to 
women, two studies (including the large Internet-based study—
see Fig. 5.1) found a shift in the opposite direction—that is, 
lesbians performed better at the task than did straight women.29 
The other four studies found no difference or didn’t include 
lesbians in the study. In other words, both gay men and lesbians 
are probably shifted toward the other sex in their mental rota-
tion skills, but the shift in lesbians is smaller and doesn’t show 
up reliably in studies with just a few tens of  subjects.

Although mental rotation is the visuospatial task that’s been 
investigated most closely, there are also reports of  gay/straight 
differences in related tasks. In a Canadian study, gay men 
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Figure 5.1 (A) In mental-rotation tests, subjects are asked whether fi gures 
such as these are the same object viewed from different angles. (B) Mental 

rotation scores for straight, bisexual, and gay men and women in a large 
Internet-based study (Peters et al., 2007). Gay men performed worse than 
straight men, and lesbians performed better than straight women, but gay 
men still performed better than lesbians. The scores for bisexual men were 

intermediate between those for straight and gay men; the scores for 
bisexual women were not signifi cantly different from those for lesbians.
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performed worse than straight men at a targeting task (throwing 
a ball to the center of  a target a few feet away), and lesbians per-
formed better than straight women.30 British psychologist Qazi 
Rahman and his colleagues examined navigation strategies: They 
found that the strategy preferred by gay men (use of  nearby land-
marks) resembled that preferred by straight women, and differed 
from that preferred by straight men (use of  distant landmarks or 
compass bearings).31 Finally, two large studies found differences 
in the ability to judge the orientation of  a line—a male-favoring 
task. Gay men performed worse than straight men on this task, 
and lesbians performed better than straight women.32 All in all, 
then, there is considerable evidence that gay people’s visuospatial 
abilities are shifted, on average, in the direction of  the other sex.

VERBAL FLUENCY

As mentioned earlier, women tend to outperform men in verbal 
fl uency and some related verbal skills, although the sex differences 
are not generally as large or consistent from study to study as they 
are for mental rotation. In 2003, Qazi Rahman and colleagues 
measured verbal fl uency in 240 individuals—60 straight men, 
60 straight women, 60 gay men, and 60 lesbians.33 The fi ndings 
are summarized in Figure 5.2: The gay men performed signifi -
cantly better than the straight men and about as well as the straight 
women, whereas the lesbians scored signifi cantly worse than the 
straight women and about as badly as the heterosexual men. 



These particular data suggest a complete gender “inversion” 
in verbal fl uency among gay men and women, compared with 
their heterosexual peers. If  we look at all the studies on this 
topic, however, the picture is more mixed: Some studies have 
reported a gay/straight difference similar to that just described,34 
some have reported a smaller difference in the same direction,35 
or a difference between gay and straight men but not between 
lesbian and straight women.36 Some have not found differences 
related to verbal fl uency as just defi ned, but have found differ-
ences related to another verbal task, verbal association (coming 
up with as many synonyms for a given word as possible in a 
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Figure 5.2 Verbal fl uency. The bar graph shows the average scores of  
straight and gay men and women on test questions such as “In one 
minute, list as many words as you can that begin with the letter ‘d’.” 

Data from Qazi Rahman et al., 2003.
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given time).37 One study failed to fi nd any signifi cant differences 
in verbal tasks,38 but this could refl ect some inadequacy in task 
design or in the selection of  subjects to be tested, because the 
study also failed to confi rm the basic sex difference favoring 
women, which is reasonably well established. Thus, the weight 
of  the published research suggests that gay men and women’s 
verbal fl uency is indeed shifted in the direction of  the other sex, 
but this shift may not be as complete or consistent as suggested 
by the particular dataset shown in Figure 5.2.

MEMORY TASKS

Few studies have compared gay and straight people’s performance 
on memory tasks, but Qazi Rahman’s group has examined 
object location memory, a trait that generally favors females. (In 
these tests, the subject is shown a display of  many different 
items; the display is then hidden and the subject is asked to 
recall as many items as possible, as well as their locations. 
Sometimes the test is done by showing the subject two displays, 
one after the other, and asking the subject which items have 
changed between the displays.) The Rahman group found that 
gay men outperformed straight men on this kind of  task, and in 
fact did as about well as straight women. They did not fi nd a 
signifi cant difference between lesbians and straight women, 
however.39
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HANDEDNESS

The fi ndings on handedness differ somewhat from the fi ndings 
just discussed. Comparing men and women in general (without 
regard to their sexual orientation), men are slightly more likely to 
be non–right-handed (i.e., left-handed or mixed-handed) than 
are women.40 (I’ll say that men are slightly “left-shifted” with 
respect to women.) If  this is a basic sex difference resulting from 
an early developmental process, and if  sexual orientation is infl u-
enced by the same process, we would predict that gay men will 
be right-shifted with respect to straight men, whereas lesbians will 
be left-shifted with respect to straight women. In fact, however, a 
meta-analysis of  numerous studies concluded that both gay men 
and lesbians are left-shifted with respect to their same-sex 
counterparts,41 although some individual studies have failed to 
detect this shift,42 or have detected it only in women.43* 

Richard Lippa has argued, based on the results of  a large-
scale study, that there is no basic sex difference in handedness 
between heterosexual men and heterosexual women.44 The 
reported greater prevalence of  non-right-handedness among 

* A large Internet-based study (Blanchard & Lippa, 2007) found that 

people who identifi ed as bisexual had an increased likelihood of  identifying 

as mixed-handed, but this could result simply from the fact that certain 

people are reluctant to identify themselves at the extremes of  any range, no 

matter what the topic; they quite likely would have identifi ed themselves as 

bilingual and bicoastal too, if  given the chance.
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men than among women, Lippa says, is simply due to the fact 
that random samples of  men include more gay men than lesbi-
ans, because homosexuality is commoner in men than women, 
and it is these gay men who shift the average male handedness 
slightly toward the left end of  the handedness spectrum. 

Another interesting fact about handedness and sexual orien-
tation is that, in some studies, gay people who are left- or mixed-
handed score differently on cognitive tests in comparison with gay 
people who are consistently right-handed. For example, Cheryl 
McCormick and Sandra Witelson of  McMaster University in 
Canada reported (in a rather small study) that right-handed gay 
men scored much worse than right-handed straight men at a 
certain visuospatial task, whereas the non–right-handed gay 
men did about the same as the non–right-handed straight men.45 
I’ll describe other ways in which handedness may help distinguish 
between different kinds of  gay people in a later chapter. 

INTELLIGENCE

One early review of  the literature concluded that both lesbians 
and gay men are more intelligent than their same-sex peers, even 
when matched for age, educational level, and other factors.46 It 
seems very possible, however, that those early studies suffered 
from “volunteer bias,” such that only relatively intelligent gay 
people were available for study. What’s more, commonly used 
IQ tests, such as the Wechsler Adult Intelligence Scale, include 
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subsets of  items that favor one sex or the other (for example, 
verbal items favoring women), but these subsets are intention-
ally weighted so as to produce equal IQs in the two sexes. There 
is no objective reason to believe that these weightings are appro-
priate for gay–straight comparisons. In recent times, therefore, 
the issue of  differences in general intelligence between gay and 
straight people has taken a back seat to research on more specifi c 
cognitive abilities, as discussed earlier. 

PERSONALITY TRAITS: 
MASCULINITY–FEMININITY

When we ask, “What are gay people like?” it is personality traits 
rather than cognitive skills that fi rst come to mind. This is the 
area where stereotypes about feminine gay men and masculine 
lesbians are most prevalent. What’s the reality?

One way to investigate what truth may lie behind the 
stereotypes is simply to ask gay and straight people how mascu-
line or feminine they consider themselves to be. In 2005, the 
British Broadcasting Corporation (BBC) ran an Internet-based 
survey that was taken by nearly half  a million individuals 
worldwide.47 The survey asked the respondents to classify them-
selves as “heterosexual (straight),” “bisexual,” or “homosexual 
(gay, lesbian).” It also asked them to assess their own masculinity 
or femininity on a seven-point scale. As shown in Figure 5.3, 
the gay and bisexual men assessed themselves (on average) as far 



more feminine than did straight men, and gay and bisexual 
women assessed themselves as far more masculine than did het-
erosexual women. All four non-heterosexual groups clustered 
fairly near the middle of  the masculine–feminine spectrum, 
about half-way between the average positions of  the straight 
men and straight women.

The results shown in the fi gure are for British respondents, 
but the results from other regions of  the world were almost 
identical. (Of  course, given that the respondents had to have 
access to a computer, and had to understand English, they must 
all have been Westernized to some degree.) In other words, 
homosexuality and bisexuality are associated with a very robust 
and signifi cant shift in self-perceived masculinity–femininity 
toward the other sex, but not with a complete “gender inver-
sion.” These fi ndings confi rm a wealth of  smaller studies that 
have yielded similar results.48

Figure 5.3 Masculinity–femininity and sexual orientation. This shows the 
average self-assessed masculinity–femininity of  subjects in a United 
Kingdom study, on a 7-point scale. All four non-heterosexual groups 

cluster near the middle of  the scale. Data from Lippa, 2008b.
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OCCUPATIONAL PREFERENCES

Another area that reveals a relationship between sexual orienta-
tion and gendered personality traits is that of  occupational 
preferences. There has long been a stereotype that people who 
take up gender-atypical occupations (male nurse, female soldier, 
etc.) are likely to be gay. Anecdotal evidence supports the 
stereotype. Here’s one such anecdote, told by World War II 
veteran and lesbian activist Johnnie Phelps: 

One day I got called in to my commanding general’s offi ce—

and it happened to be Eisenhower at the time—and he said, 

“It’s come to my attention that there may be some lesbians in 

the WAC battalion. I’m giving you an order to ferret those 

lesbians out, we’re going to get rid of  them.” And I looked 

at him and I looked at his secretary standing next to me, and 

I said “Well, sir, if  the General pleases, sir, I’ll be happy to 

do this investigation for you, but you have to know that the 

fi rst name on the list will be mine.” And he was kind of  taken 

aback, and then this woman standing next to me said “Sir, 

if  the General pleases, you must be aware that Sgt. Phelps’ 

name may be second, but mine will be fi rst.” And then I looked 

at him and I said “Sir, you’re right, there are lesbians in the 

WAC battalion. And if  the General is prepared to replace all 

the fi le clerks, all the section commanders, all the drivers, 

every woman in the WAC detachment”—there were about 
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nine-hundred and eighty-something of  us—“then I’ll be 

happy to make that list.” And he said “Forget the order!”49

Phelps’s anecdote is just a personal recollection, and even if  
true, it doesn’t necessarily mean that women in today’s military 
are unusually likely to be lesbian, because military service has 
become a much more “ordinary” occupation for women than 
it was in the 1940s. The “don’t ask, don’t tell” policy has made 
it impossible to survey the sexual orientation of  U.S. service 
personnel in a quantitative fashion. The fact that female person-
nel are discharged for homosexuality at a far higher rate than 
male personnel50 does suggest that there may be more lesbians 
than gay men in the services, but many other factors affect 
the number of  these discharges besides the actual prevalence of  
homosexuality.

In 1997, Michael Bailey and Michael Oberschneider focused 
on one occupation in which gay men are usually assumed to be 
over-represented—professional dance.51 They asked a large 
number of  dancers about the prevalence of  gay people among 
their colleagues. The results suggested that nearly 60% of  male 
dancers are gay—an extraordinary degree of  enrichment, con-
sidering that gay men comprise no more than about 3% of  
the overall male population (see Chapter 1). The same study 
concluded that only about 3% of  female dancers are lesbian, 
which is at most a small increase over the percentage in the gen-
eral female population. Whether so many male dancers are gay 
because dance is a feminine activity, because it is a form of  
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aesthetic expression (see next section), or for some other reason, 
is not completely clear.

Military service and professional dance are two extremes in 
terms of  stereotypes about “gay” occupations for women and 
men, respectively. Whatever the proportion of  people in these 
occupations who are gay, it’s obvious that the vast majority of  
lesbians are not in the military and the vast majority of  gay men 
are not professional dancers. What’s more, people’s actual occu-
pations are not as informative about personality as are their 
occupational preferences. That’s because people don’t necessarily 
work in the fi eld they would most prefer or that would best suit 
their talents: World War II-era lesbians, for example, would have 
had a hard time making a living as professional dancers whatever 
their talent or motivation in that direction.

To address occupational preferences in the general popula-
tion, the BBC Internet study asked about the respondents’ 
interest in eight occupations that—as shown by preliminary 
testing—were much more attractive to one sex than to the 
other.52 The occupations preferred by men were car mechanic, 
builder, electrical engineer, and inventor; those preferred by 
women were costume designer, dance teacher, fl orist, and social 
worker. Again, as shown in Figure 5.4, all the gay and bisexual 
groups had gender-shifted preferences, and these shifts were 
similar no matter where in the world the respondents lived. With 
minor exceptions, the masculinity–femininity of  the various 
groups assessed by occupational preferences corresponded quite 
well to their self-assessed masculinity–femininity.



It should be noted that all the “masculine” occupations in 
the BBC study were thing-oriented, whereas at least three of  the 
“feminine” occupations were people-oriented. In fact, Lippa’s 
analysis pointed to a major gender shift among gay people in the 
people–thing dimension, with gay men’s interests shifted toward 
people and gay women’s interests shifted toward things.53

OTHER PERSONALITY TRAITS

Gay people tend to be gender-atypical in some other gendered 
personality traits in addition to their basic sense of  masculinity 
or femininity. At least two studies have reported that gay men 
score higher than straight men on tests of  empathy—a female-
favoring trait54—but one study found no difference.55 Gay and 
bisexual men also score higher on tests of  aesthetic interest, 

Figure 5.4 Occupational preferences and sexual orientation. This fi gure 
plots the average gendered occupational preferences for subjects in a 
United Kingdom study on a 7-point scale, with typically feminine 

preferences to the left and masculine preferences to the right. 
Data from Lippa, 2008b.
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another female-favoring trait.56 Lesbian and bisexual women 
score much higher than straight women on tests of  techno-
logical interest and systemizing in Baron-Cohen’s sense of  the 
term.57

Several studies have reported that gay men are less physically 
aggressive than heterosexual men, and one of  these found that 
lesbians are more physically aggressive than heterosexual women.58 
In a recent study, Paul Vasey and his student Doug VanderLaan 
investigated sexual coercion: They found that gay or bisexual men 
were less likely than straight men to have committed acts of  
physical sexual coercion. They did not fi nd any difference between 
straight and lesbian or bisexual women in this respect.59 According 
to the researchers’ statistical analysis, the difference between 
straight and gay men in sexual coercion refl ected the generally 
greater aggressiveness of  straight men; it was not something 
unique to the context of  sexual interactions. 

Gay people also tend to be gender-shifted in instrumentality 
and expressiveness.60 (These are sets of  male-favoring and 
female-favoring traits respectively, as mentioned earlier.) The 
basic sex differences in these traits are smaller than for mascu-
linity–femininity, and the differences related to sexual orienta-
tion are fairly small too—they are defi nitely “shifts” and not 
“inversions.” In addition, it’s notable in the data that lesbians 
and gay men are much more variable in these traits than are their 
straight counterparts, suggesting that it might be fruitful to 
study subpopulations of  gays and lesbians who are and are not 
gender-shifted in these characteristics.
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SEXUALITY

Given that sexual orientation is an aspect of  sexuality, one might 
expect that gay people would differ from their same-sex peers 
most strongly in those facets of  personality that are also sexual 
in nature. Yet, that turns out not to be the case, or not in any 
very consistent way. 

About the only sexual traits that are fully gender-reversed in 
gay people are those that are almost part of  the defi nition of  
homosexuality. The fact that gay men are sexually attracted to 
men carries with it a preference for masculinity—both physical 
and psychological—in their sex partners. In fact, femininity in 
looks or manner is strongly rejected by many gay men, according 
to a study of  personal ads and questionnaire data by Michael 
Bailey’s group.61 Some gay men fantasize about or actually seek 
sexual relationships with straight men, presumably because 
straight men are perceived as particularly masculine. Even among 
the majority who seek gay partners, it’s fairly common for gay 
men who place personals to mention “straight-acting” as a 
desirable attribute in the sought-after partner or as a selling-
point in themselves—however politically incorrect that may 
seem. (The fi rst gay rights activist, the 19th-century German 
lawyer Karl-Heinrich Ulrichs, thought it inconceivable that a 
pair of  homosexual men would be sexually compatible, because 
they would be insuffi ciently masculine to attract each other.62) 
Conversely, Bailey’s group found that lesbians prefer feminine- over 
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masculine-looking women as partners, although they do not 
reject masculine-acting women. Of  course, these generalizations 
mask considerable variability in what individual lesbians and 
gay men fi nd attractive in their partners, both within the pres-
ent-day gay community and across the course of  history.63

One other sexual trait in which some gay people may be viewed 
as gender-reversed has to do with the actual roles they prefer to 
take during sexual encounters. A gay man who prefers to take the 
receptive role in anal intercourse—a bottom in gay slang—could 
be seen as feminine by virtue of  the fact that he is being pene-
trated by a penis, just as a woman is penetrated during hetero-
sexual intercourse. Certainly that’s how popular cultures construe 
the act: Not only are bottoms seen as feminine, but men who 
have sex with men without taking the anal receptive role may not 
be viewed as “gay” or unmasculine at all, either by themselves or 
others; this is particularly true within non-White cultures.64

There is a certain amount of  research connecting gay men’s 
preference for receptive anal sex with a broader femininity—for 
example, it has been reported that bottoms are more likely than 
tops to have been very feminine during their childhood.65 Still, 
more research is needed into the motivations of  gay men who 
prefer one or the other role in anal intercourse, as well as the 
many who are “versatile” or don’t engage in anal sex at all. 

Similar considerations apply to lesbians. One study reported 
that butch (masculine-acting) lesbians, who may be expected 
to take a dominant role in sexual encounters, were more gender-
nonconformist during their childhood than femme lesbians.66 
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Again, some caution is called for in interpreting these fi ndings. 
Even if  we take the most masculine-seeming sexual behavior 
that a lesbian can engage in—donning a strap-on dildo to vagi-
nally penetrate her partner—we can’t be sure whether a woman 
who engages in this practice is doing so out of  an innate mas-
culinity or is simply motivated by a concern for her partner’s 
sexual pleasure.

In some other aspects of  their sexuality, lesbians are fairly like 
straight women and gay men are fairly like straight men. Lesbians 
have the same low interest in uncommitted sex and multiple 
partners as do straight women, whereas gay men have the same 
high interest in uncommitted sex as straight men.67 In terms of  
their actual behavior, gay men have even more sex partners than 
straight men do, although the numbers have varied greatly over 
time, even within a single country such as the United States.68 
The behavioral difference probably refl ects the fact that men 
who seek sex with men are not limited by women’s reluctance to 
engage in uncommitted sexual encounters, rather than resulting 
from any fundamental difference between gay and straight men’s 
interest in such encounters. Another trait in which gay people 
resemble their same-sex peers is the emphasis they place on their 
partners’ physical attractiveness: Gay men rate this as important 
as do straight men, while lesbians rate it as unimportant as do 
straight women, or perhaps slightly less important.69

Some other sexual characteristics do differ between gay and 
straight people, but only for one sex. For example, according to 
Bailey’s group, gay men are as interested in visual sexual stimuli 
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as are straight men, but lesbians are more interested in visual 
stimuli than are straight women—they are intermediate between 
straight men and women in this regard. Similarly, gay men are as 
unconcerned with their partners’ status as are straight men, but 
lesbians are less concerned with their partners’ status than are 
straight women—again, they are intermediate between straight 
men and women on this measure. And lesbians, but not gay 
men, tend to use strategies typical of  the other sex when attempt-
ing to prevent their partners from straying, according to a study 
by Doug VanderLaan and Paul Vasey.70

Conversely, Bailey’s study identifi ed two sexual traits that are 
gender-atypical in gay men and not in lesbians. Lesbians are 
more affected by emotional jealousy than by sexual jealousy, just 
like straight women, but gay men closely match the two female 
groups in this regard: They are much less affected by sexual 
jealousy than are straight men. And fi nally, lesbians are as uncon-
cerned with the youthfulness of  their partners as are straight 
women, but gay men are signifi cantly less concerned with this 
issue than are straight men—they fall about halfway between 
straight men and women in this regard. This last fi nding may 
refl ect the fact that the gay male community comprises a mix of  
men who prefer younger and older partners.71

Gay men are at least as likely as straight men to be interested 
and involved in unusual sexual practices, such as fetishism and 
sado-masochism (S/M). In fact, they may well be more likely 
than straight men to engage in S/M practices, especially the 
more extreme or unusual practices.72 Again, the willingness of  
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their (male) partners may be a factor here. With regard to 
women, information is limited, but one survey of  several hun-
dred lesbians and bisexual women found that 40% had engaged 
in at least one S/M or related practice, and 25% had engaged 
in multiple practices. This seems higher than what would be 
expected in the general female population.73 It’s possible that the 
experience of  having a minority sexual orientation encourages 
both gay men and women to explore unconventional sexual 
practices.

OVERVIEW

The mind of  the “average” gay individual is a patchwork of  
gendered traits—some indistinguishable from those of  same-
sex peers, some shifted part way toward the other sex, and others 
typical of  the other sex. All in all, though, what’s striking is the 
large number of  traits in which gay people’s minds are at least 
part-way shifted in a gender-atypical direction. In other words, 
the stereotype about “feminine” gay men and “masculine” les-
bians is a stereotype because it is an exaggeration and because it 
generalizes across diverse populations of  gay men and of  lesbi-
ans, but it contains a substantial kernel of  truth.

Most people, gay or straight, accept that there is some truth 
to the stereotype, but they may have a range of  explanations for 
it. One idea heard from time to time is that gay people develop 
or act out cross-gendered characteristics as a reaction to the 
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realization that they are gay. For example, a gay man might go 
through a thought process of  the following kind: “I’m attracted 
to men, so I must be a woman, so I should act like a woman.” 
Alternatively, a gay person might be pressured into a cross-
gendered personality by the force of  social labeling.

It’s possible that these factors do operate to some limited 
degree, but they are woefully inadequate as an explanation for 
the fi ndings of  this chapter and the foregoing one. For one 
thing, gay people are already quite gender-nonconformist during 
their childhood—perhaps more so than when they reach adult-
hood. Yet, childhood is a phase of  life when most people are still 
unaware of  their sexual orientation. Given this timetable, it 
would be much more logical to argue that gay people are gay as 
a consequence of  their gender-nonconformity than the reverse. 
This in fact is the logic behind Daryl Bem’s “exotic becomes 
erotic” theory, and although I don’t believe that that theory is 
likely to be correct, it at least has things arranged in a believable 
temporal order. 

Another reason for doubting the idea that the awareness of  
homosexuality (by oneself  or others) is what induces gender-
nonconformist traits is the nature of  the traits themselves. Some 
of  them, especially in the cognitive area, are things about which 
most people know little and care less. Few people have precon-
ceived ideas about how men and women should perform on 
arcane tasks such as mental rotation or object location memory, 
and for the most part it’s not obvious how parental pressure or 
any other forms of  socialization would cause gay people to 
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develop attributes or skills in these areas that differentiate them 
from straight people.

 Sometimes, to be sure, socialization does come to mind as 
a possible causal factor. Gay men’s relatively poor targeting skills, 
for example, might be explained by a failure to participate 
in childhood sports that hone those skills. When the researchers 
in that study used statistical procedures to “factor out” the 
effect of  sports experience, however, the gay–straight difference 
persisted.74

Thus, in general, the researchers who have carried out the 
studies described earlier have interpreted their fi ndings in terms 
of  a biological difference between gay and straight people, most 
likely related to the levels of  testosterone during early brain 
development, rather than to environmental factors operating 
during childhood or adult life. The association between sexual 
orientation and a “package” of  gendered traits arises, according 
to this idea, because several brain systems that mediate such 
traits develop in the same developmental time period and are all 
sensitive to circulating testosterone level. The parallels with the 
research on nonhuman animals, described previously, as well as 
the observations on CAH girls, support this interpretation.

In the following chapters, I will look more closely at two 
biological factors, sex hormones and genes, to see whether the 
evidence supports a role for them in the development of  sexual 
orientation.
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The idea that sex hormones infl uence sexual orientation 
goes back to the experiments of  the Austrian endocri-

nologist Eugen Steinach (1861–1944). During the fi rst decade 
of  the 20th century, Steinach demonstrated that secretions from 
the testes and ovaries infl uence sexual behavior in laboratory 
animals. He later claimed to have discovered that the testicular 
secretions of  gay men were abnormal, and he even reported that 
transplantation of  testicular tissue from heterosexual men into 
gay men converted gay men to heterosexuality—an assertion 
that turned out to be wrong.1

Initially, the focus was on the nature and quantities of  sex 
hormones in gay and straight adults; later, attention shifted to the 
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idea that prenatal hormones had a more important infl uence on 
sexual orientation. For much of  the 20th century, these hypoth-
eses were used as the rationale for attempts to convert gay people 
to heterosexuality through hormonal means, or for proposed 
interventions to prevent fetuses from becoming gay adults.2

Few, if  any, scientists working in this area today think in 
terms of  pathology, cures, or prevention. Still, the idea that 
hormones hold the key to understanding sexual orientation is, 
if  anything, even more widely held today than it was in the 
past. In part, this refl ects the increasingly obvious weaknesses 
of  competing theories, especially psychodynamic ones, as dis-
cussed in Chapter 2. In addition, the emphasis on hormones 
has come about as a result of  new research that points more 
strongly to their importance than ever before. Here, I review this 
research.

HORMONE LEVELS IN GAY AND 
STRAIGHT ADULTS

In 1984, neuroendocrinologist Heino Meyer-Bahlburg of  
Columbia University reviewed the studies published up to that 
time that compared serum testosterone levels in gay and straight 
adults.3 He concluded that there is no consistent difference 
between testosterone levels in gay and straight men. With regard 
to women, the data suggested that most lesbians have testosterone 
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levels in the same range as straight women, but that up to 30% 
of  lesbians may have elevated testosterone levels (although still 
below the male range). 

Very little research has been done in this area since the time 
of  Meyer-Bahlburg’s review. There seems to be a consensus that 
gay and straight men have similar testosterone levels and that 
further research on that topic is not warranted. With regard to 
women, there are two studies suggesting that self-identifi ed butch 
lesbians may have relatively high testosterone levels, or that butch 
lesbians in partnerships with femme lesbians have higher testos-
terone levels than their partners.4 By itself, this doesn’t mean that 
there’s some fundamental endocrinological difference between 
butch and femme lesbians, because testosterone levels at any 
particular time are infl uenced by a variety of  circumstances such 
as relationship status, sexual activity, social dominance, stress, 
phase of  the menstrual cycle, time of  day, and so on.5 I will 
revisit the question of  whether there are biologically different 
types of  gay people later, when I’ve had the chance to describe 
other kinds of  research that bear on the question.

WHY FOCUS ON PRENATAL 
SEX HORMONES?

The hypothesis that prenatal hormone levels infl uence people’s 
sexual orientation comes from three main sets of  observations. 
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First, the experiments conducted using nonhuman animals, 
described in Chapter 3, indicate that testosterone levels 
during a “critical period” before and around the time of  birth 
infl uence an animal’s preference for male or female sex partners 
after puberty. It’s reasonable to suspect that a similar develop-
mental mechanism might operate in ourselves as in other 
animals. The critical period, if  it exists in humans, would pro-
bably be entirely before birth, given that humans are born at 
a much later stage of  brain maturation than most laboratory 
animals.

Second, observations in humans suggest that gendered 
traits other than sexual orientation are indeed infl uenced by 
prenatal hormones. For example, the observations on CAH girls 
(Chapter 4) and CAH women (Chapter 5) support this point 
of  view.

Third, the fact that homosexuality is linked to a variety of  
other gendered-atypical traits in childhood and adulthood, as 
discussed in Chapters 4 and 5, suggests that sexual orientation 
might be part of  a gender “package” that has some common 
developmental roots. Thus, if  those other gender traits are infl u-
enced by prenatal hormones, then it’s reasonable to ask whether 
sexual orientation is too.

These three sets of  observations are the impetus to form a 
hypothesis about a causal connection between prenatal testos-
terone and adult sexual orientation, but they do not by them-
selves prove that any such relationship exists, let alone that the 
relationship is a causal one. We need to consider whether there 
is more direct evidence.
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HORMONE LEVELS DURING 
DEVELOPMENT

There appear to be three main periods during which testosterone 
levels are markedly elevated in males.6 The fi rst period begins 
about 6 weeks after conception, peaks at about 12 weeks, and 
lasts until about 20 weeks after conception. During the early part 
of  this period, testosterone drives the development of  the male 
genitals and reproductive system; during the latter part, it infl u-
ences development both of  the genitals and of  the brain. The 
second period of  raised testosterone begins at or shortly before 
birth and tails off  during the fi rst 6–12 months of  postnatal life.7 
The function of  this second period—sometimes described as a 
“mini-puberty”—is not well understood, but it appears to play 
a role in the maintenance of  male genital development.8 The 
third period begins at real puberty and is lifelong, although with 
a gradual decline with aging; during this period, testosterone and 
its metabolites induce and sustain most of  the anatomical and 
behavioral changes associated with male puberty.

On average, females have lower testosterone levels at all 
times, but there is overlap between the sexes during some por-
tions of  fetal life, as well as during the neonatal “mini-puberty.”9 
Although low, the levels of  testosterone and other androgens in 
female fetuses (which are secreted by the adrenal glands) are 
thought to play a role in the development of  the female genitals, 
because some women who are completely insensitive to androgens 
(see below) have an underdeveloped clitoris and labia minora.10
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Females experience a transient rise in estrogen during the 
neonatal period. Although estrogen levels then fall to very low 
in girls and remain so until puberty, these low levels are still 
about eightfold higher than they are in boys, and this childhood 
sex difference could be relevant to some aspects of  development, 
especially development of  the bones (see Chapter 9).11

 Testosterone levels do rise in girls at puberty (along with the 
estrogen and progesterone secreted by the ovaries), and they fl uc-
tuate with the menstrual cycle, but they remain well below male 
levels. Testosterone infl uences sexual feelings and other gendered 
traits in women. The question of  the relative contributions 
of  testosterone and estrogen to sexual feelings in women is not 
completely settled: Most likely, both hormones play a role. 

CONGENITAL ADRENAL HYPERPLASIA

I’ve already mentioned studies of  females affected by CAH as 
evidence that elevated levels of  prenatal testosterone and other 
androgens are capable of  shifting a variety of  gendered traits in 
a masculine direction. What about sexual orientation? No less 
than 19 studies have investigated the sexual orientation of  CAH 
women, and most (especially those that have compared CAH 
women with matched control groups, such as their unaffected 
sisters) have found these women to be very signifi cantly shifted, 
on average, in the homosexual direction12 (see Fig. 6.1). 
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Figure 6.1 Congenital adrenal hyperplasia (CAH) and sexual 
orientation. The histograms compare the Kinsey ratings of  39 women 
with the severest (“salt-wasting”) form of  CAH and a control group 

consisting of  22 unaffected sisters or female cousins of  CAH women. 
0 = exclusively heterosexual, 6 = exclusively homosexual. 

Data from Meyer-Bahlburg et al., 2008.
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Congenital adrenal hyperplasia comes in several different 
forms that vary in severity; the most severe (so-called “salt-wast-
ing”) form is associated with the most marked shift in sexual 
orientation, while the mildest (so-called “nonclassical”) form is 
associated with only a modest—but still signifi cant—shift. This 
suggests that those affected female fetuses with the greatest 
exposure to androgens are the most likely to experience same-sex 
desire in adulthood. Not surprisingly, there is an association 
between childhood gendered traits and adult sexual orientation: 
CAH women who showed the most gender-atypical play behav-
ior during childhood are the most likely to report sexual attrac-
tion to women in adulthood.13

Even the most severely affected group of  women—those 
with the salt-wasting condition—show only a moderate 
(although statistically very signifi cant) shift of  sexual orienta-
tion. In fact, although some of  the affected women are out-and-
out lesbian (Kinsey group 6), a greater number are completely 
heterosexual, as shown in the Figure 6.1. This could be inter-
preted to mean that prenatal testosterone levels by themselves 
do not dictate sexual orientation but merely infl uence it. It’s 
also possible, however, that the levels or timing of  testosterone 
exposure in many female CAH fetuses do not match the levels 
or timing of  exposure that typically characterize male develop-
ment. Thus, the observation that there is any shift in the sexual 
orientation of  CAH women is probably more meaningful than 
the fact that the shift is incomplete.

It would be useful to have the converse “experiment of  
nature,” namely a genetic condition that exposed male fetuses to 
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unusually low levels of  testosterone. The closest to that is a con-
dition called androgen insensitivity syndrome (AIS), in which the gene 
coding for the androgen receptor—the molecule that senses the 
presence of  testosterone and other androgens—is mutated, 
giving rise to a receptor that functions poorly or not at all. This 
condition causes XY fetuses, who would otherwise have become 
normal males, to develop with the outward appearance of  
females, because their bodies simply don’t respond to the testos-
terone that is being secreted by their testes. Once born, these 
children are reared as girls, and they identify as girls. In adult-
hood, they are psychosexually similar to other women; that is, 
the great majority are sexually attracted to men and are feminine 
in other gender traits.14 This fi nding is certainly consistent with 
the idea that testosterone is the key biological player in the 
development of  sexual orientation and gender, but it does not 
distinguish between biological and socialization factors, given 
that these individuals look like females and are raised as such.

FINGER LENGTH STUDIES

Are the fi ndings on CAH and other unusual conditions relevant 
to healthy people? To approach this question, researchers have 
looked for anatomical or functional “markers” that might give 
some indication of  the extent to which an individual was exposed 
to androgens during her or his fetal life. If  these markers do in 
fact provide such information, then comparing the markers in 
gay and straight people would help establish whether prenatal 
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androgen levels are related to sexual orientation in the general 
population.

One potential marker that has triggered a lot of  interest is 
fi nger length—not the absolute length of  the fi ngers, but the 
ratios of  the lengths of  different fi ngers (see Fig. 6.2).15 The 
most informative fi nger appears to be the index fi nger (second 
digit). This fi nger tends to be slightly shorter in males than in 
females—when measured in relationship to other fi ngers. The 
usual way that the measurement is done is simply to divide the 
length of  the index fi nger by the length of  the ring fi nger (fourth 
digit), giving what is called the 2D:4D ratio. (However, the 
results of  one study indicate that the 2D:5D ratio may yield a 
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Figure 6.2 Finger-length ratios. (A) The 2D:4D ratio is the length of  the 
index fi nger divided by the length of  the ring fi nger. The measurements 

are taken on the front surfaces of  the fi ngers, not the backs as shown here. 
(B) The average 2D:4D ratios for straight and gay men and women. From 

data of  Williams et al., 2000.
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more consistent sex difference than the 2D:4D ratio.16) Thus, 
the 2D:4D ratio is lower in males than females, on average; this 
sex difference is more marked for the fi ngers of  the right hand 
than for those of  the left hand.17 The sex difference in 2D:4D 
ratios exists prenatally, but it probably becomes more marked 
during the fi rst 2 years of  postnatal life.18

Several lines of  evidence support the notion that the 2D:4D 
ratio is infl uenced by prenatal androgens:

High testosterone levels in a fetus’s amniotic fl uid are cor- •
related with a low (more male-like) 2D:4D ratio at 2 years 
of  age, independent of  the child’s sex.19

 Women with CAH, who were exposed to unusually high  •
androgen levels before birth, have a lower 2D:4D ratio in the 
right hand than unaffected women,20 although possibly not 
in the left hand.21

Women with polycystic ovary syndrome—another condi- •
tion thought to be associated with high prenatal testosterone 
levels—have lower 2D:4D ratios in the right hand than 
unaffected women.22 
XY individuals with AIS (chromosomal males who develop  •
as women because their bodies are insensitive to testoster-
one—see earlier discussion) have 2D:4D ratios that are higher 
than those of  unaffected XY males, and in the same range 
as typical XX females.23

Women who were members of  an opposite-sex twin pair, and  •
who therefore may have been exposed to testosterone from 
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their brother during fetal life, have lower 2D:4D ratios than 
do women who were members of  same-sex twin pairs.24

Administering testosterone to pregnant rats lowers the 2D:4D  •
ratio of  their offspring when measured in adulthood.25

So, are there differences between gay and straight people in 
their fi nger-length ratios? The answer appears to be yes, although 
there is not unanimous agreement among different studies. Let’s 
look at the fi ndings for women fi rst. Out of  ten studies that 
have compared 2D:4D ratios between lesbian and straight 
women, six reported that lesbians have lower (more male-like) 
ratios.26 Three studies found no difference.27 A recent statistical 
re-analysis of  all available studies confi rmed that the difference 
between lesbian and straight women is real.28

Another study (from Marc Breedlove’s research group, then 
at the University of  California, Berkeley) was perhaps the 
most interesting: It found that self-identifi ed butch lesbians 
had a lower 2D:4D ratio than straight women, but that lesbians 
who identifi ed as femme did not.29 Another study, published 
only in abstract form, made the same observation.30 These reports 
could be taken to bolster the idea, discussed earlier, that butch 
lesbians are a biologically different entity from femme lesbians—
specifi cally, that butch lesbians were exposed to unusually high 
androgen levels prenatally, whereas femme lesbians were not. 
More studies, however, are needed to verify the butch/femme 
difference in fi nger-length ratios.

The data for men are less clear. Out of  11 studies that have 
compared 2D:4D ratios in gay and straight men, four have 
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reported that gay men have higher (i.e., more female-like) ratios 
than straight men,31 four reported that they have lower ratios,32 
and three studies found no difference.33

This confl ict in results is certainly frustrating—it tempts 
us to throw up our hands and reject the idea that there is any 
real difference in gay and straight men’s fi nger-length ratios. 
However, one of  the studies that reported that gay men’s ratios 
are higher (shifted in the female direction) was an Internet-
based study that had far more subjects than all the other studies 
combined.34 This study found the shift only when comparing 
White gay and straight men, not Black or Chinese men. Because 
of  the size of  this study, it does seem likely that a real, but 
small, shift exists in the average 2D:4D ratios of  White gay 
men in the direction of  female-typical values. Still, even more 
research will be needed to sort out the confl icts among these 
11 studies. 

The observations on fi nger-length ratios not only support 
the idea that prenatal androgens infl uence sexual orientation; 
they also strengthen the notion that homosexuality is part of  a 
“package” of  gender-atypical traits that share a developmental 
history. That’s because a variety of  other gendered cognitive and 
personality traits have likewise been reported to vary with 
2D:4D ratios, and in the expected direction—high ratios being 
associated with more female-like scores and low ratios with 
more male-like scores.35 Still, some of  the reported associations 
are weak or inconsistent,36 and some researchers have expressed 
doubts about the usefulness of  the 2D:4D ratio as a marker for 
early androgen exposure.37
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In my view, fi nger-length ratios do offer a useful window 
into people’s hormonal history, but the subtlety of  the basic 
sex difference means that detecting differences within one sex—
between gay and straight men, for example—requires large and 
carefully designed studies that take ethnicity and other variables 
into account.38

THE INNER EAR

We don’t usually think of  men and women as differing in their 
sense of  hearing, but in fact numerous subtle differences exist 
between the sexes in auditory function.39 Women are more sensi-
tive than men (on average) to very quiet sounds, for example, 
whereas men are better than women at localizing the source of  
a sound.

Auditory physiologist Dennis McFadden, of  the University 
of  Texas at Austin, has made a close study of  the cochlea, the audi-
tory sense organ in the inner ear. The cochlea, as it turns out, 
doesn’t just sense sounds, it also generates sounds. Although these 
sounds are extremely weak, they can be detected with the use of  
a sensitive microphone placed inside the ear canal (see Fig. 6.3). 
The sounds are called oto-acoustic emissions (OAEs), and they 
either occur spontaneously (SOAEs) or they can be evoked in 
the laboratory by external sounds such as clicks (CEOAEs). 
Any given SOAE has a certain frequency (pitch), and any particu-
lar individual generates a certain number of  SOAEs, ranging 
from none to a dozen or so. The number of  SOAEs remains 
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Figure 6.3 (A) Recording of  oto-acoustic emissions (OAE). 
The oscilloscope trace shows the level of  sound recorded from 

the subject’s right ear across the entire range of  audible frequencies. 
This subject has one spontaneous OAE (the sharp spike). Photograph 
courtesy of  Dennis McFadden. (B) Average number of  spontaneous 
OAEs (SOAEs; right ear), for different sexual orientations. Lesbians 

and bisexual women have fewer SOAEs than straight women. 
Data from McFadden and Pasanen, 1999.
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more or less constant for a given individual from birth until 
death, unless the ear becomes damaged.

Most of  us knew little and cared less about OAEs until it 
was discovered that they show a sex difference: Women, on aver-
age, generate more and louder SOAEs, and louder CEOAEs, 
than do men.40 (About half  of  all men generate no SOAEs at 
all.) This sex difference also exists in monkeys and even sheep,41 
so it is not likely to be caused by cultural factors such as a dif-
ference between boys’ and girls’ exposure to harmful noise levels. 
Rather, it appears to result from the greater exposure of  males 
to androgens during prenatal life.

Two lines of  evidence support this belief. First, exposing 
female sheep fetuses to higher-than-usual levels of  testosterone 
causes their CEOAEs in adulthood to be weaker—that is, the 
testosterone exposure shifts the female pattern to the male pat-
tern.42 Second, women who were members of  opposite-sex twin 
pairs, and who may therefore have been exposed to higher-than-
usual levels of  testosterone during fetal life, also have SOAEs 
and CEOAEs that are more male-like than those of  other wom-
en.43 The clincher would be to demonstrate that OAE patterns 
are also shifted in the male direction in CAH women, but so far 
that study hasn’t been done.

McFadden and his colleague Edward Pasanen have measured 
both spontaneous and click-evoked OAEs in straight, bisexual, 
and gay men and women.44 They found that the OAEs of  60 
lesbians and bisexual women were weaker and fewer than those 
of  straight women; in other words, their OAE patterns were 
shifted in the male direction. The researchers interpreted these 
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fi ndings as evidence that non-heterosexual women have, on aver-
age, experienced higher levels of  androgens during prenatal life 
than have their heterosexual peers. McFadden and Pasanen 
found no difference in OAE patterns among the three male 
groups (straight, bisexual, and gay). This negative fi nding does 
not constitute substantial evidence against the idea that prenatal 
testosterone levels infl uence male sexual orientation, however, 
for reasons that I will discuss later.

One disadvantage of  using OAEs as a marker for prenatal 
hormonal exposure is that measuring them accurately requires 
considerable expertise, as well as specialized equipment. That’s 
in marked contrast to the use of  digit ratios. Anyone with a 
ruler and 5 minutes’ training can carry out a digit ratio study, 
and as a result there are plenty of  published studies on the topic 
by different research groups—even though digit ratios are less 
than ideal markers on account of  the rather small sex differences 
that they exhibit. In the case of  OAEs, on the other hand, not a 
single research group outside of  Dennis McFadden’s lab has 
compared these phenomena in gay and straight people. Thus, 
the topic remains somewhat on the fringes of  the fi eld, and  it 
deserves to be explored more fully.

CENTRAL AUDITORY SYSTEM

The cochlea represents the fi rst stage in the processing of  
auditory signals; further processing occurs in the brainstem and 
in the auditory regions of  the cerebral cortex. Although I am 
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putting off  my main discussion of  the brain until Chapter 8, this 
is a good place to mention a couple of  other studies that have 
reported functional differences in the central auditory systems 
of  gay and straight people, because these differences, like those 
already described, have been interpreted in support of  a prenatal 
hormonal infl uence on the development of  sexual orientation.

Dennis McFadden and Craig Champlin have studied central 
auditory function by means of  electrical recordings from the 
scalp of  subjects who are listening to clicks or other sounds.45 
The recordings, called auditory evoked potentials, are essentially a 
kind of  electroencephalograph (EEG). Some aspects of  these 
evoked potentials show sex differences, and as with the cochlear 
responses described earlier, lesbians and bisexual women exhibit 
patterns of  evoked potentials that are intermediate between 
those typical of  heterosexual women and those seen in hetero-
sexual men. This fi nding invites the same interpretation as for 
the cochlear data, namely, a greater exposure of  the brains of  
bisexual and lesbian women to testosterone before birth.

With regard to men, McFadden and Champlin obtained 
unexpected results: Some of  the patterns of  evoked potentials 
in gay and bisexual men were shifted in a direction away from 
female values. They might be described as “hypermasculinized” 
rather than “feminized.” In terms of  the simplest hormonal 
model, such fi ndings would suggest that gay and bisexual men 
were exposed to higher prenatal testosterone levels than were 
straight men, contrary to what the majority of  data suggest. 
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Other explanations are possible, however, and I will put off  
discussion of  this fi nding until later in the chapter.

Another auditory study was carried out by Qazi Rahman 
and his colleagues.46 Rahman’s group focused on a phenomenon 
called the “eye-blink auditory startle response,” a phenomenon 
that may be even more esoteric than that of  OAEs. Basically, the 
phenomenon is this: People blink when startled by a sudden 
loud sound. There is no obvious sex difference in this startle 
response. However, men’s startle response is greatly attenuated 
if  the loud sound is preceded by a much softer sound (a “pre-
pulse”—the phenomenon is called “pre-pulse inhibition”). 
Women’s startle response is much less affected by a pre-pulse. 
When they compared straight and gay men and women, 
Rahman’s group obtained results comparable to McFadden’s 
fi ndings on the cochlea. That is, lesbians showed stronger (more 
male-like) pre-pulse inhibition than did straight women. There 
was a trend* for gay men’s responses to show weaker (i.e., more 
female-like) pre-pulse inhibition than straight men’s responses.

In summary, then, the three sets of auditory system fi ndings (on 
OAEs, auditory evoked potentials, and auditory startle responses) 
are consistent in showing that lesbians (and in McFadden’s studies, 
bisexual women) exhibit response patterns that are shifted in a 
male-typical direction. The fi ndings in males show little or no 

* A trend means a difference between groups in the stated direction that 

fails to reach statistical signifi cance.
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difference related to sexual orientation, or may actually be in the 
opposite direction to what we might have predicted. 

ACTION OF SEX HORMONES ON THE 
DEVELOPING BRAIN

Sex hormones interact with the developing brain in a variety 
of  complex ways. It’s worth knowing a little about these interac-
tions because they offer various possibilities for how hormone–
brain interactions might differ between fetuses who ultimately 
become gay adults and those who become straight.

After testosterone enters the fetal brain, some of  it is con-
verted into estrogen. As mentioned earlier, the conversion is 
performed by the enzyme aromatase. Thus, both testosterone 
itself  and the estrogen produced from it are candidates to drive 
brain development in a male-typical direction. As already dis-
cussed in Chapter 3, estrogen appears to be the key player in 
some animals, but in humans, testosterone may be suffi cient, 
because men who suffer from a genetic mutation that knocks 
out the aromatase enzyme nevertheless experience male-typical 
psychosexual development.47

The presence of  testosterone and estrogen is sensed by recep-
tor molecules. Earlier in the chapter, I mentioned the androgen 
receptor, which senses testosterone and other androgens. (I said 
that its absence leads to female-like development and, usually, 
sexual attraction to males.) Estrogen receptors are also present 
in the brain.
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Some of  these androgen and estrogen receptors are present 
on the outer cell membranes of  neurons; these are responsible 
for the rapid actions of  sex hormones—within seconds in some 
cases. Other receptors are present inside neurons; these are 
responsible for the slower actions of  sex hormones—over peri-
ods of  hours or days. It’s these latter receptors that seem to be 
involved in the long-term effects that we are interested in here, 
and it’s their mode of  action that I’ll briefl y describe.

After a sex hormone molecule binds to a receptor, the 
hormone–receptor complex interacts with the DNA in the cell’s 
nucleus. Certain genes carry specifi c DNA sequences that allow 
the hormone–receptor complex to bind to them and activate the 
genes, whereas  others do not. Thus, androgens activate their own 
particular suite of  genes, and estrogens activate their own suite of  
genes. Further complicating the matter is the existence of  a group 
of  proteins called co-activators and co-repressors, which are 
capable of  enhancing or inhibiting hormone action.48

Studies of  one particular gene offer an interesting insight 
into how sex hormones exert their effects. This gene codes for a 
“growth factor” called NELL2. In the developing SDN-POA 
of  the rat’s hypothalamus, NELL2 is present in the same neu-
rons that contain estrogen receptors—probably because the 
NELL2 gene is one of  the suite of  genes activated by the estro-
gen receptor.

A group of  South Korean researchers, led by J.K. Jeong, 
wanted to know what would happen if  NELL2 were knocked 
out during development.49 They therefore injected into the 
hypothalamus of  newborn male rat pups an “antisense DNA”—a 
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stretch of  DNA designed to bind to and neutralize the 
“messenger RNA” that normally carries the genetic instruction 
to synthesize NELL2. It turned out that, with NELL2 
disabled, the male rats’ SDN-POA developed to a smaller size 
than in untreated males—although not as small as in females. 
This happened because NELL2 normally participates in keep-
ing SDN-POA neurons alive, so without it many cells died. 
NELL2 is probably just one of  several growth factors that are 
involved in the sexual differentiation of  the hypothalamus and 
other parts of  the brain.

Another interesting effect of  steroids involves the neu-
rotransmitter γ-aminobutyric acid (GABA). In adults, GABA is 
the brain’s principal inhibitory transmitter, but during early fetal 
development it has an excitatory action, and this excitation pro-
motes neuronal survival and the formation of  synaptic connec-
tions.50 Testosterone delays the switch from excitation to 
inhibition. Thus, there is a period during development (around 
the time of  birth in rats, probably prenatally in humans) when 
GABA has exactly opposite effects on testosterone-sensitive 
hypothalamic neurons in the two sexes: It is still excitatory in 
males (because males have been exposed to testosterone), but 
has already switched to an inhibitory function in females.51 This 
puts GABA in the position of  being able to drive development 
in different directions in the two sexes, and it seems to actually 
do so, because reducing GABA levels in newborn rats weakens 
the development of  both male-typical sexual behavior in males 
and female-typical sexual behavior in females.52
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The main point of  this brief  excursion into the world of  
brain molecules is to point out that a prenatal hormonal theory 
of  sexual orientation actually includes a host of  different molec-
ular processes that could potentially be involved. First and 
foremost, there could be differences between “pre-gay” and 
“pre-straight” fetuses in terms of  the actual levels of  circulating 
testosterone during the critical period for the organization of  
brain circuits underlying sexual orientation. But alternatively, 
there could be differences in the activity of  the converting enzyme 
aromatase, or in the function or distribution of  the androgen 
or (less likely) the estrogen receptors—any of  which might 
cause testosterone to have a greater or lesser effect on brain 
development. The co-activators or co-repressors might differ. 
Or, there might be differences in the suite of  genes that are 
responsive to androgens and estrogens, such as NELL2. There 
could also be differences in the GABA mechanisms just described. 
Thus, a prenatal hormonal theory, broadly defi ned, could involve 
other factors in addition to actual differences in hormone 
levels, and different factors might be operative in different 
individuals.

Continuing this same line of  thought, it is possible to under-
stand how the fi ndings concerning prenatal hormones and sexual 
orientation may sometimes be inconsistent. Sexual orientation 
and other sex-differentiated traits (gendered mental traits, fi nger-
length ratios, OAEs, and so forth) may be developmental 
fellow-travelers, but they don’t march in lock-step. This could be 
for at least three kinds of  reasons:
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Timing effects. •  The critical periods for sexual orientation 
and other traits may be exactly synchronized, or they may 
partially overlap in time or not overlap at all.
Localization effects. •  Different regions of  the brain and body may 
respond to hormones in the same way or in different ways.
Range effects. •  The range of  testosterone levels that infl uence 
sexual orientation could differ from the range that infl uences 
some other traits. To give a specifi c example, range effects could 
be the reason why OAEs differ between lesbian/bisexual 
and straight women, but not between gay and straight men. 
We would just have to imagine that gay men were exposed 
to prenatal testosterone levels that were far enough below 
typical male levels to affect their sexual orientation, but not 
low enough to give them female-typical OAEs. Lesbian and 
bisexual women, on the other hand, might have been exposed 
to testosterone levels high enough to affect both their sexual 
orientation and their OAEs.

POSSIBLE CAUSES OF VARIABILITY IN 
PRENATAL ANDROGEN LEVELS

If variations in prenatal androgen levels do infl uence sexual orien-
tation, how do these variations arise? One possibility is that they 
are caused by genetic differences between individuals. I’ve already 
described one clear-cut example of  this genetic effect—CAH. 
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Women whose sexual orientation has been shifted in the homo-
sexual direction on account of  CAH owe their sexual orienta-
tion to a specifi c gene that they have inherited—the gene that 
caused them to have CAH and thus to be exposed to unusually 
high androgen levels before birth. Genes may also contribute to 
variability in androgen levels among healthy individuals; I will 
discuss the evidence bearing on this in the next chapter.

Prenatal androgen levels may also vary on account of  non-
genetic factors, including sheer random variability. As discussed 
in Chapter 3, a good example of  this effect from animal research 
is the uterine proximity effect in rodents—the observation that 
a female fetus who by chance is located between two males 
receives an extra dose of  testosterone and consequently experi-
ences some behavioral masculinization, including atypical sexual 
behavior and partner preference. Whether this particular effect 
infl uences sexual orientation in humans (in the few women who 
were members of  opposite-sex twin pairs) is not clear. However, 
there are doubtless many other ways in which random variations 
in hormone levels can arise during development. I will discuss 
this issue further in later chapters.

It is also possible that environmental factors could affect 
prenatal androgen levels suffi ciently to infl uence a fetus’s sexual 
orientation in adulthood. One candidate for such an environmental 
factor is stress. As I mentioned in Chapter 3, there is evidence that 
placing a pregnant rat under repeated stress (by immobilization, 
bright lights, and the like) can alter the sexual behavior and partner 
preference of male rats born of that pregnancy. This happens 
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because stress hormones secreted by the mother reduce or elim-
inate the surge in testosterone that usually occurs in male rat 
fetuses about 4 days before birth.53 Nevertheless, there have 
been some reports of  failure to observe effects of  prenatal stress 
on rats’ sexual behavior.54

In the early 1980s, Günter Dörner proposed that prenatal 
stress was an important cause of  homosexuality in men.55 Dörner 
and his colleagues reported that the rate of  male homosexuality 
was unusually high among men born in Germany during World 
War II, when the population was exposed to many kinds of  
stress. They also found that most gay men (and, to a lesser extent, 
bisexual men) reported that their mothers had been exposed to 
stressful events during pregnancy, whereas straight men seldom 
reported such events. These events included such things as air 
raids, the death of  the father, and the fact that the pregnancy 
was unwanted. On the basis of  Dörner’s results, it looked as if  
prenatal stress was the major cause of  male homosexuality.

Subsequent research has not substantiated Dörner’s hypoth-
esis. A more careful analysis revealed no effect of  World War II 
on the prevalence of  male homosexuality in the German popu-
lation.56 Likewise, a recent study found no effect of  the Dutch 
famine of  1944–1945 on the sexual orientation of  men (or 
women) who were fetuses at the time of  the famine.57 (However, 
the very low rate of  exclusive homosexuality reported by men in 
that study—only 1 out of  374 men overall—raises some doubt 
about the researchers’ ability to correctly assess their subjects’ 
sexual orientation.)
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Two U.S. research groups have investigated the incidence 
and severity of  stressful events experienced by women during 
pregnancies that gave rise to gay men. These groups improved 
on Dörner’s methodology by interviewing the mothers them-
selves, rather than relying on the men’s reports. One study, by 
Michael Bailey’s group, found no tendency for mothers to report 
more stressful events, or more severely stressful events, during 
pregnancies that gave rise to gay men than during pregnancies 
that gave rise to straight men.58 The other study, by Lee Ellis (of  
Minot State University) and his colleagues, likewise found no 
increase in reported stressful events during pregnancies that gave 
rise to gay men.59 The study did fi nd an apparently signifi cant 
increase in severely stressful events during a 3-month period 
9–12 months before the pregnancies that gave rise to gay men. 
This unexpected fi nding could well be a fl uke that resulted from 
subjecting the data to too many statistical tests. It could also 
result from the fact that gay men are more likely to have older 
brothers than are straight men (see Chapter 10): Those older 
brothers could have been a source of  increased stress for their 
mothers. All in all, the idea that stress is a signifi cant cause of  
homosexuality in men is not supported by data.

Curiously, Bailey’s group did fi nd a slight but statistically 
signifi cant effect in women: Mothers of  lesbian or bisexual women 
reported experiencing a somewhat greater number of  stressful 
events during those pregnancies than during pregnancies that 
gave rise to heterosexual daughters. Because this fi nding was not 
predicted by the animal experiments, and was quite weak, it is 
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possible that it was a fl uke or was caused by some irrelevant 
factor, such as mothers’ “looking for” events that might have 
caused their daughters’ homosexuality.

Considering all the studies mentioned in the chapter, it does 
seem to be reasonably well established that prenatal androgen 
levels have a signifi cant infl uence on sexual orientation in both 
men and women. Applying this conclusion to a more general 
theory of  sexual orientation requires consideration of  several 
other factors, starting with genes—the topic of  the following 
chapter.
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Boston University psychiatrist Richard Pillard is gay. Not only 
that; he has a gay brother, a lesbian sister, and a bisexual 

daughter. And his father—as Pillard found out when he read his 
father’s diaries after his death—was in a sexual relationship with 
another man early in his adult life.1 This personal history was 
Pillard’s motivation to investigate whether homosexuality generally 
runs in families, a line of research he began in the early 1980s.

SIBLING STUDIES

Actually, reports supportive of  this idea go back many decades,2 
but Pillard and his colleagues performed more systematic studies. 

S E V E N

-

The Role of Genes
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They recruited gay and straight individuals (index subjects) who 
had siblings, and then ascertained the sexual orientation of the 
siblings, either from the statements of the index subjects or (when-
ever possible) from interviews with the siblings themselves.3

From these studies, it became apparent that gay men and 
women have more gay siblings than do straight men or women. 
In Pillard’s early data, about 22% of  the brothers of  gay men 
were reported to be gay or bisexual, compared with about 4% 
of  the brothers of  straight men. Similarly, about 25% of  the 
sisters of  lesbians were reported to be lesbian or bisexual, com-
pared with about 11% of  the sisters of  straight women.

Subsequent studies by Pillard and others have confi rmed the 
clustering among siblings, although the degree of  clustering has 
generally been less than Pillard’s early studies suggested.4 
Typically, about 7%—16% of  the same-sex siblings of  gay 
people are found to be gay. It may be that the early studies 
recruited somewhat atypical samples or used broader criteria for 
deciding whether a sibling was gay. 

An important question that hasn’t been fully resolved is 
whether this clustering crosses the sex lines. Are the sisters of  
gay men more than usually likely to be lesbian, and are the broth-
ers of  lesbians more than usually likely to be gay? Pillard’s per-
sonal history illustrates the clustering of  male and female 
homosexuality in a single family, but that could have been an 
unusual coincidence, of  course. One study, based on data col-
lected in the 1970s, found that opposite-sex siblings of  gay 
index subjects were as likely to be gay as are same-sex siblings,5 
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but other studies based on more recent data have failed to detect 
any increased rate of  homosexuality among opposite-sex sib-
lings of  gay people,6 or have reported rates that are increased but 
less so than for same-sex siblings.7 Most likely, some cross-sex 
clustering exists, but not nearly as much as same-sex clustering.

When two brothers are gay, they tend to resemble each other 
in other traits related to their sexual orientation. Most notably, 
they are similar in terms of  their childhood characteristics. 
If  one brother was a markedly feminine or unmasculine boy, 
then the same was usually true for his brother; if  one brother was 
conventionally masculine, then the other was usually masculine 
too.8 This suggests that family clustering relates not just to homo-
sexuality in general but also to different kinds of  homosexuality.

IS  THE FAMILY CLUSTERING CAUSED 
BY GENES?

There could be a variety of  different reasons why gay people 
cluster in certain families. If  Freud was right, and a close-binding 
mother or hostile father makes a boy gay, then two or more boys 
in the same family could easily be subjected to the same infl uence 
and thus both end up gay. Alternatively, an older sibling might 
act as a role model, leading a younger sibling down a shared 
path toward homosexuality. In fact, pretty much any environ-
mental factor could cause clustering among siblings, so long as it 
operates before the age at which siblings go their separate ways. 
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Another possibility, however—and the one that we’re concerned 
with in this chapter—is that the clustering is caused by genes 
that run in certain families but not in others. In other words, it 
could be that homosexuality is heritable.

Several methods are available to tease apart the two main 
causes of  family clustering (shared genes vs. shared environment). 
First, if  genes are responsible, then one would expect to fi nd 
increased rates of  homosexuality even among relatives who were 
not brought up in the same family environment as the gay index 
subjects—this could include parents, children, aunts, uncles, and 
cousins, as well as siblings who were separated soon after birth. 
Conversely, unrelated children who were adopted into a family 
should not experience any increased propensity to grow up gay, 
no matter how many other children in the family do so.  

A number of  studies have reported increased rates of  homo-
sexuality or bisexuality among nonsibling relatives of  gay or bisex-
ual people. These include the daughters, nieces, and female cousins 
of  lesbian or bisexual women,9 and the uncles, male cousins, and 
possibly the sons of  gay men.10 As with siblings, the increase in 
homosexuality among other gay relatives applies predominantly 
to same-sex rather than opposite-sex relatives. These fi ndings sug-
gest that genes are at least partly responsible for the clustering of  
homosexuality in certain families, and that different genes may 
predispose to homosexuality in men and in women.

A useful adoption study would be to compare the rates of  
homosexuality among adoptees who have a (genetically unre-
lated) gay sibling and among adoptees who lack a gay sibling. 
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If  the rates were the same, this would suggest that the purely 
social effects of  having a gay sibling are not responsible for the 
clustering of  homosexuality in families. Such a study hasn’t been 
done, however. In two studies focused mainly on twins (see dis-
cussion in the next section) Michael Bailey, Richard Pillard, and 
their colleagues included small numbers of  adoptive siblings.11 
These limited datasets did not provide strong evidence either 
for or against a genetic infl uence on sexual orientation. 

TWIN STUDIES

Twins are the workhorses of  human behavioral genetics: They 
offer a fairly straightforward means to distinguish between 
genetic and nongenetic infl uences on psychological traits. They 
can also help distinguish between different kinds of  nongenetic 
infl uences.

Twin studies compare the trait of  interest—homosexuality 
in this case—in two kinds of  twins. Monozygotic (so-called 
“identical”) twins are the products of  a single fertilized egg that 
split into two early in development, so they have nearly all their 
genes in common. (Not even monozygotic twins have precisely 
identical genomes, however.12) Dizygotic (“fraternal”) twins 
develop from two different eggs fertilized by two different 
sperm, and they therefore have the same genetic relatedness as 
regular siblings, which is to say they share about one-half  of  
their genes.
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In traditional twin studies, index subjects are recruited who 
are gay and are members of  twin pairs. The researchers then 
ascertain the sexual orientation of  the other member of  each 
pair (the “co-twins”)—either by asking the index subjects or, 
better, by interviewing the co-twins directly. The percentage of  
the co-twins who are also found to be gay is called the concordance 
rate. To the extent that homosexuality is heritable, the concor-
dance rate will be higher for the monozygotic twin pairs than 
for same-sex dizygotic pairs. If  homosexuality were completely 
determined by genes, then the concordance rate for monozy-
gotic twins would be 100%, while the concordance rate for 
dizygotic twins would be 50% or less.

The data from twin studies, along with an estimate of  
the base rate of  homosexuality in the population, can be used 
to estimate the strength of  three different factors on sexual 
orientation:

Genes. •  A genetic infl uence causes the concordance rate for 
monozygotic twins to exceed that for dizygotic twins, as just 
mentioned. The fraction of  the total variability in a trait in 
a population that can be ascribed to genes is called the trait’s 
heritability.
Shared environment. •  This includes any nongenetic infl uences 
that promote homosexuality in both members of  twin pairs; 
it typically would mean infl uences that children experience 
while they still live together, such as similar parental treat-
ment of  both twins, or nongenetic factors that affect both 
twins in the womb. If  shared environment is the dominant 



T H E  RO L E  O F  G E N E S  s  1 6 3

factor, concordance rates will be high and roughly equal for 
monozygotic and dizygotic twin pairs.
Unshared environment. •  This is a catch-all term for any nonge-
netic infl uences that promote homosexuality in one twin but 
not the other. The word “environment” is a bit misleading 
in this context: It includes biological sources of  variability 
unique to individuals (such as variations in prenatal hor-
monal levels that are not controlled by genes), as well as the 
different life experiences that individuals are exposed to 
(which could include differential treatment by parents, sexual 
molestation of  one twin but not the other, encountering 
certain role models or sex partners in adolescence and adult-
hood, and so on). Any random measurement error also raises 
the estimate of  this factor. If  the unshared environment is 
the dominant factor, the concordance rates will be low and 
roughly equal for monozygotic and dizygotic twin pairs.

In twin studies published in the early 1990s by Michael Bailey, 
Richard Pillard, and others, concordance rates for homosexual-
ity in monozygotic twins (both male and female) were around 
50%, whereas the concordance rates for dizygotic twins were 
much lower.13 Another study from the same period, led by Fred 
Whitam of  Arizona State University, found an even higher con-
cordance rate for monozygotic male twins (65%, compared 
with 29% for dizygotic twins).14

The Bailey-Pillard studies yielded estimates of  heritability 
of  roughly 50% in both sexes (although with a considerable 
range of  uncertainty). Unshared environment contributed about 
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as much as genes, whereas shared environment contributed little 
or nothing. These fi ndings suggested, not only that genes have a 
strong infl uence on sexual orientation, but also that parental 
treatment of  children (insofar as it is exerted similarly on both 
members of  a twin pair) plays little or no role.

Because these early studies relied on recruiting gay twins 
through advertisements, they may have suffered from distor-
tions arising from the recruitment process. For example, if  gay 
individuals who had monozygotic co-twins were especially likely 
to volunteer if  they knew that their co-twin was also gay, then 
this would artifi cially infl ate the observed concordance rate for 
monozygotic twins. If  dizygotic twins were less susceptible to 
such a bias, this would give rise to an exaggerated estimate of  
heritability.

To get away from this kind of  problem, more recent studies 
have recruited pairs of  twins from large preexisting lists or 
registries of  twins that were created without reference to the 
twins’ sexual orientation. Studies based on this approach have 
been conducted in several countries. An Australian study 
came up with heritabilities of  30% for men and 50%–60% for 
women.15 A Swedish study found heritabilities of  34%–39% 
for men and only 18%–19% for women.16 A Finnish study (the 
Alanko study already discussed in Chapter 4) found 45% for 
men and 50% for women.17 One U.S. study found 0% for men 
and 48% for women;18 another treated men and women together 
and found a heritability of  28%–65%.19 The studies found 
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little or no effect of  shared environment but a substantial effect 
of  the unshared environment.

The large quantitative differences among the various studies 
are disconcerting, but they are probably not worth trying to 
dissect in detail. For one thing, the differences may not be sig-
nifi cant, given that these studies tend to have fairly low statistical 
power. (Although the studies may recruit up to a few thousand 
twin pairs, most pairs are uninformative because neither member 
is gay.) Differences may also result from the criteria employed 
for selecting subjects or for defi ning homosexuality. The 
Swedish study relied solely on the numbers of  same-sex part-
ners, for example, whereas the Australian study asked about a 
whole range of  issues related to sexual orientation. Finally, it 
should be borne in mind that measures of  heritability can differ 
between populations, even when there is no actual difference in 
the prevalence of  the relevant genes. That’s because the strength 
of  nongenetic effects may vary, leaving genes in greater or lesser 
control of  the trait.

In some of  the twin studies, participants were asked about 
their childhood gender characteristics.20 It turns out that mono-
zygotic twins who are both gay are also very similar to each 
other in terms of  how gender-nonconformist they were during 
childhood. From the data in these studies it appears that 
childhood gender-nonconformity, like homosexuality, is sub-
stantially heritable. In fact, a Dutch twin study that focused on 
childhood gender-nonconformity without regard to adult sexual 
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orientation obtained an estimated heritability for that trait 
of  70%, which is remarkably high.21 According to the Finnish 
registry study, it appears that a shared set of  genes is partially 
responsible both for childhood gender-nonconformity and 
adult homosexuality.22

Monozygotic twins reared separately from birth offer an 
especially useful paradigm for studying the origin of  psycho-
logical traits. If  such twin pairs share traits on more than a 
chance basis, those traits are likely to be infl uenced either by 
genes or by the shared intrauterine environment, not by the 
postnatal environment. Unfortunately, it is very diffi cult to fi nd 
separately reared monozygotic twin pairs in whom at least one 
member is gay or bisexual. The research group of  Thomas 
Bouchard Jr. at the University of  Minnesota identifi ed six such 
pairs, two male and four female.23 With regard to the fi rst male 
pair, both members were unambiguously gay—in fact, they 
didn’t know of  each other’s existence until one of  them was 
mistaken for his brother at a gay bar, after which they met each 
other and became lovers. (This could be considered an extreme 
example of  what is popularly called “genetic sexual attraction”—
the strong sexual attraction that can arise between biologically 
related persons who were raised apart.) The other pair consisted 
of  a man who identifi ed as gay (although he had had relation-
ships with women earlier in his life) and a man who identifi ed 
as straight (although he had had a homosexual relationship 
earlier in his life). This pair might be considered concordant for 
some degree of  bisexuality. Another male pair concordant for 
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homosexuality was reported by Fred Whitam and colleagues.24 
Thus, these three cases, although hardly enough to build a sta-
tistical case, do support the idea that male homosexuality is 
strongly infl uenced by genes or the prenatal environment.

The four female pairs studied by the Bouchard group were all 
discordant: One member of  each pair was lesbian or bisexual and 
the other heterosexual. Thus, the study offered no support at all 
for the idea that female homosexuality is heritable, although the 
small numbers prevented any strong conclusion on this score.

Twin studies suffer from various potential shortcomings. 
The diagnosis of  each pair as monozygotic or dizygotic is not 
always done correctly, especially when it is based on appearance 
(as was the case in most of  the studies just discussed) rather 
than molecular tests.25 Recruitment biases can exist, as I’ve men-
tioned. And the causes of  homosexuality in twins may not 
always be the same as in singletons.26 Nevertheless, looking at 
the twin studies as a whole it seems reasonable to draw the fol-
lowing conclusions: Homosexuality is signifi cantly heritable in 
both sexes, the unshared environment is also important, but the 
shared environment plays little or no role.

MOLECULAR GENETICS—
CANDIDATE-GENE STUDIES

The results of  the family and twin studies have motivated attempts 
to fi nd actual genes that might predispose to homosexuality in 
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men or women—so-called “gay genes.”* One way this has been 
done is simply to guess that a specifi c gene might be involved 
and then to compare this gene in gay and straight people. This 
is called the “candidate gene” approach.

In the early 1990s, molecular geneticists Dean Hamer, 
Jeremy Nathans (of  Johns Hopkins University), and their 
colleagues tried this approach with the gene that codes for 
the androgen receptor, a key player in the interaction between 
testosterone and the brain.27 Obviously, gay men don’t com-
pletely lack this gene, because if  they did they would have 
androgen insensitivity syndrome and they would have the out-
ward appearance of  females (see Chapter 6). However, a range 
of  variations occur in the DNA sequence of  this gene that 
are known or suspected to affect the activity of  the androgen 
receptor in a variety of  ways. Hamer and Nathans looked for 
consistent differences in the gene between gay and straight 
men, but drew a blank. More recently, a group in Hamer’s lab, 
led by Michael DuPree, focused on the gene that codes for 
aromatase, the enzyme that converts testosterone to estrogen.28 
Again, they found no evidence that variations in this gene infl u-
ence men’s sexual orientation.

* I use the phrase “gay gene” as shorthand for a hypothetical gene that 

increases the probability that its owner will become homosexual, possibly in 

conjunction with other genes or nongenetic factors.
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GENOME SCANS

Another approach is to search large sections of  the genome, or 
the entire genome, without any preconceived ideas as to which 
genes might be involved. The initial study of  this kind was pub-
lished by Dean Hamer’s group in 1993.29 Hamer fi rst recruited 
a sample of  gay men and asked about the sexual orientation of  
their relatives. He found increased rates of  male homosexuality 
among the brothers, uncles, and male cousins of  the index cases, 
in line with what I’ve mentioned earlier. However, of  the two 
kinds of  uncles (maternal and paternal), only maternal uncles 
had signifi cantly increased rates, and among the four kinds of  
male fi rst cousins (sons of  maternal aunts, sons of  maternal 
uncles, sons of  paternal aunts, and sons of  paternal uncles) only 
the sons of  maternal aunts had signifi cantly increased rates. In 
other words, only men connected to the index cases through the 
female line had an increased likelihood of  being gay. This pattern 
suggests that there might be maternal inheritance of  genes pre-
disposing to male homosexuality. Reinforcing this conclusion, 
Hamer presented several family trees in which multiple gay men 
were found; in each tree, all the gay men were connected to 
each other exclusively through females. (An example is shown in 
Figure 7.1.) Such a pattern of inheritance usually points to genes 
on the X chromosome, because this is the only chromosome 
that men inherit exclusively from their mothers. Hamer there-
fore focused his molecular studies on the X chromosome.



I should say right away that data from subsequent studies 
have not uniformly confi rmed a higher rate of  male homosexual-
ity among maternal-line than paternal-line relatives of  gay men: 
Some studies have done so,30 while others ave not.31 A recent 
study led by Gene Schwartz of  Northwestern University, for 
example, found the same elevated rate of  homosexuality among 
all four kinds of  fi rst cousins.32 I will return to this issue later 
in the chapter.

For the X chromosome study, Hamer and his colleagues 
recruited 40 pairs of  brothers, each pair consisting of  two gay 
men. Recall that women possess two X chromosomes and men 
just one. Thus, if  the brothers in each pair were gay on account 
of  a gene on the X chromosome (an X-linked gene), then they 
should both have inherited the same genetic material from the 
same maternal X chromosome—the one that carried the puta-
tive “gay gene.” Because of  the phenomenon called crossing-over, 

Figure 7.1 Family tree including seven gay men (black squares) in three 
generations. Note that the gay men are connected to each other entirely 

through women (circles) and not men (squares). From Hamer et al., 1993.
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in which the two maternal X chromosomes break up and rejoin 
during the development of  the ovum, only the region of  the 
X chromosome near to the “gay gene” will be co-inherited by 
the brothers at an above-chance rate. Hamer therefore examined 
22 DNA markers—sites where DNA sequences are known to 
vary among individuals in the population—that are scattered 
along the length of  the X chromosome. This is called a linkage 
study.

In Hamer’s data, the pairs of brothers shared the same markers 
at an above-chance rate in just one region of  the X chromosome, 
a region named Xq28, which lies near the tip of  the long arm 
of  the chromosome. This was interpreted to mean that a gene 
or genes predisposing to homosexuality lay in that region. 
Hamer’s report seemed to confi rm a genetic predisposition to 
homosexuality—in men at least—and it invited further studies 
to actually home in on the responsible gene.

Unfortunately, Hamer’s report has not been robustly 
confi rmed. Hamer’s own group did publish a follow-up study 
that obtained a similar fi nding, although with a much lower level 
of  statistical signifi cance than the original study.33 A Canadian 
group applied similar techniques but failed to fi nd any evidence 
for “gay genes” at Xq28.34 Hamer has argued that the Canadians 
obtained a negative result because they failed to select subjects 
who would be likely to show X chromosome linkage.35

In 2005, researchers from Hamer’s lab, led by Brian Mustanski 
and Michael DuPree, published another linkage study, this time 
scanning the entire genome and not just the X chromosome.36 
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This study again made use of  families containing pairs of  gay 
brothers; some of  these were the same subjects who were used 
in Hamer’s earlier studies and some were newly recruited. The 
researchers confi rmed the linkage to Xq28 in the previously 
studied families but not in the newly recruited families or in the 
entire dataset. The likely reason, according to the authors, was 
that the new families were not preselected to favor maternal 
inheritance. The study also came up with evidence of  linkage 
to markers on three autosomes (chromosomes other than sex 
chromosomes)—specifi cally, chromosomes 7, 8, and 10. A sim-
ilar but independent study by a British-Canadian group came up 
with evidence for linkage to markers on another autosome, 
chromosome 14.37 The statistical power of  these fi ndings was 
low, however, and the fi ndings should be thought of  as pointers 
for future research rather than as actual identifi cations of  regions 
containing “gay genes.”

A new and much larger linkage study has been under way 
for several years.38 The study is being led by psychiatrist and 
behavioral geneticist Alan Sanders of  Northwestern University. 
Sanders’ team set itself  the goal of  recruiting 1,000 pairs of  
gay brothers. If  they even come close to that number they should 
be able to reliably confi rm or disconfi rm the fi ndings of  the 
previous studies and perhaps identify other, as yet undiscovered 
locations of  genes that infl uence male sexual orientation.

As of  this writing, the published molecular genetic studies 
offer no more than suggestive evidence regarding the location 
of  “gay genes.” This lack of  conclusive results shouldn’t be taken 
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to weaken the belief, based on the family and twin studies, that 
genes do in fact infl uence sexual orientation. In the fi eld of  
behavioral genetics, identifying genes with strong effects has 
been generally diffi cult. Intelligence is substantially heritable, for 
example, yet a powerful whole-genome study failed to localize 
any single gene that accounted for more than 0.4% of  the total 
variation in intelligence in the population.39

With regard to sexual orientation, it is certainly possible that 
there are major genes that simply haven’t been localized yet. 
It’s also possible that sexual orientation is weakly infl uenced by 
several or many genes. With this kind of  polygenic inheritance, 
however, it would be unlikely that an individual would inherit 
either all of  the genes or none of  them. Thus, one would expect 
sexual orientation to have a more-or-less bell-shaped distribu-
tion, with lots of  bisexuals and relatively few exclusively homo-
sexual or heterosexual individuals. In fact, that’s what we don’t 
see, in men at least. Therefore, for polygenic inheritance to work 
in men there would have to be some other mechanism, either 
biological or environmental, that converts a bell-shaped underly-
ing dis tribution into more nearly dichotomous categories of  gay 
and straight. I will return to this issue in the fi nal chapter. 

POSSIBLE ROLE OF X INACTIVATION

There exist a variety of  molecular mechanisms that can modify 
the activity of  genes or entire chromosomes in a semipermanent 
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way without changing the underlying DNA sequence. These are 
called epigenetic processes. One example is X inactivation. Because 
men possess one X chromosome and women possess two, a mech-
anism operates during the development of  a female embryo to 
functionally inactivate (but not eliminate) one of  her X chromo-
somes. The point of  this inactivation is to make sure that cells in 
males and females have the same number of  functionally active 
chromosomes: If  this were not the case, cells in females would 
produce too many copies of  proteins coded by X-linked genes.

Women’s bodies are usually a roughly equal mix of cells in 
which one or the other X chromosome (the one inherited from her 
mother or the one inherited from her father) has been inactivated. 
According to a study led by Sven Bocklandt of UCLA, some 
mothers of gay men are unusual in this respect: Most of their cells 
(or their blood cells at least—the cells that were studied) have 
inactivated the same X chromosome.40 To give numbers: Only 
4% of control women with no gay sons showed an imbalance to 
the point that 90% of their blood cells had inactivated the same 
X chromosome, whereas 13% of women with at least one gay son 
and 23% of women with at least two gay sons did so.

This reported fi nding could mean that an X-linked gene 
that promotes homosexuality in men also affects the rate of  cell 
division in their mothers. By slowing down or speeding up the 
division of  the cells in which the “gay gene” is active, it would 
cause those cells to become an increasingly small or large fraction 
of  the total cell population over the course of  development. 
Other explanations are possible, however. In general, the fi nding 



T H E  RO L E  O F  G E N E S  s  1 7 5

supports the idea that X-linked genes play a role in the deve-
lopment of  male sexual orientation, and potentially open the 
door to clarifying the underlying mechanism. Bocklandt’s report 
remains to be confi rmed, however. Because Bocklandt included 
subjects from Dean Hamer’s 1993 study, who were selected to 
favor X-linked inheritance, the results might not be replicated 
in a broader sample.

GENES AND SEXUALITY IN 
FRUIT FLIES

In a state of  nature, the male fruit fl y, Drosophila melanogaster, is 
resolutely heterosexual. In the early 1960s, however, Indian 
geneticist Kulbir Gill, working at Yale University, created a 
mutant strain of  fruit fl ies in which males courted males and 
females with equal enthusiasm.41 When these fl ies were put 
together in all-male groups they formed long moving chains 
resembling conga lines, with each male attempting (unsuccess-
fully) to mate with the male in front of  it. The change from a 
heterosexual to a bisexual orientation was caused by a single 
mutation affecting a gene that Gill named “fruity,” with the 
standard three-letter abbreviation fru. The full name was a crude 
joke at the expense of  gay people, and it was later changed to the 
less obnoxious “fruitless.”

The fru gene was isolated and sequenced in 1996, by a group 
working at Stanford University,42 as well as by a Japanese group 
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led by Daisuke Yamamoto.43 Both male and female fl ies possess 
the fru gene, but the product of  the gene (the messenger RNA) 
is processed differently in the two sexes.44 The male fru product 
activates a cascade of  lower-order genes in the brains of  male 
fl ies, thus enabling male-typical sexual behavior and suppressing 
female-typical behavior. If  female fl ies are engineered to process 
fru in the male fashion, they remain anatomically female but they 
court other females rather than males, as shown in Figure 7.2.

Figure 7.2 Homosexual courtship. The lower of  these two fruit fl ies is a 
female that has been genetically engineered to process the fru gene in a 

male fashion. She is courting another female by “singing” to her with the 
vibrations of  her right wing. Photo courtesy of  Barry Dickson.
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Rather as testosterone does in the developing brain of  male 
mammals, the male fru promotes the survival of  certain clusters 
of  neurons, so these clusters end up sexually dimorphic—they 
contain more cells in males than in females.45 The main differ-
ence is that testosterone in mammals is a hormonal signal that 
enters the brain and masculinizes it, whereas the male-processed 
fru in Drosophila operates within brain cells themselves if  the 
chromosomal sex of  those cells is male.

Yamamoto’s group used molecular-genetic trickery to insert 
just one of  these male-specifi c neuronal clusters, named P1, into 
the brains of  female fl ies. Even though the rest of  the brain, and 
the body, of  these fl ies was female, they displayed male-typical 
sexual behavior, including courtship of  females.46 This was a 
striking demonstration of  the relevance of  sexual dimorphism 
in the brain to sex differences in partner choice.

Many different mutations or other genetic manipulations 
are now known that can induce homosexual behavior in fruit 
fl ies.47 In addition, two neurotransmitters, glutamate and dopamine, 
are known to play a role. Suppressing glutamate neurotransmis-
sion in male fl ies causes them to court other males.48 Raising 
dopamine levels in male fl ies has the same effect.49

Finally, lowering dopamine levels in male fl ies, although it 
does not cause them to court males, does cause other males to 
court them.50 This is thought to happen because, without suffi -
cient dopamine, males produce less than usual of  a chemical 
that is aversive to males—a kind of  “no-males-need-apply” 
pheromone. A similar effect has been observed in fl ies that are 
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entirely male except for the pheromone-secreting tissue, 
which has been genetically engineered to be female. Like the 
low-dopamine fl ies, these male fl ies court females but are courted 
by males.51 These observations serve as a reminder that sexual 
attraction involves two participants, an attractor and an attractee, 
and characteristics of  either can induce or suppress homosexual 
behavior. 

No one considers it likely that the detailed fi ndings in 
Drosophila apply to humans—too much is different between the 
two species in terms of  genetics, development, and brain orga-
nization. Still, there may be some useful lessons to be learned. 
First, there is simply the fact that it is proving possible to under-
stand the basis of  sexual partner preference in fl ies at the level 
of  specifi c genes, molecules, and brain cells, and the interactions 
among them. This offers hope that it will eventually be possible 
to do the same for our own species.

A second lesson from Drosophila is that the lower-level neural 
circuits that mediate courtship of  males and females exist in all 
fl ies: What differ between fl ies are the higher-level control cen-
ters that activate one circuit and inhibit the other. There is reason 
to believe that the same might be true in mammals, including 
humans, as I will discuss in the next chapter. 

Finally, it’s worth pointing out that, although the sexual dif-
ferentiation of  the mammalian brain is largely controlled by cir-
culating hormones, some infl uence is also exerted by the intrinsic 
chromosomal sex of  the brain itself, as happens in Drosophila. 
I already touched on this issue in Chapter 3. The evidence for 
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this comes from a variety of  studies, including the use of  genetic-
engineering technologies that allow researchers to manipulate 
the intrinsic brain sex of  mice independently of  the sex of  the 
gonads.52 There is no direct evidence as yet that these hormone-
independent processes infl uence partner preference either in 
mice or humans, but Sven Bocklandt and Eric Vilain (of  UCLA) 
have raised the possibility that they do so.53

GENES,  HOMOSEXUALITY, 
AND EVOLUTION

The idea that genes might predispose certain people to homo-
sexuality is paradoxical: We might expect such genes to reduce 
their owners’ reproductive success† and thus to be eliminated from 
the gene pool by natural selection. Doesn’t this throw doubt on 
the very existence of  “gay genes”?

Actually, plenty of  genes exist that lower reproductive suc-
cess. I’ve already mentioned a couple: The gene that causes 
androgen insensitivity, which renders its owner infertile, and the 
genes that cause congenital adrenal hyperplasia (CAH), which 
(untreated) can kill their owners long before they are old enough 
to have children.

† Reproductive success is a standard term meaning the total number of  an 

individual’s offspring that survive to maturity. I don’t mean to imply that there 

is anything particularly meritorious about having large numbers of  children.
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A number of  factors may help save such a gene from extinc-
tion. If  it is a recessive gene it will only harm its owner’s reproduc-
tion when the owner has inherited copies of  the harmful version 
of  the gene from both parents (the so-called homozygous state), and 
not when the owner has inherited a copy from just one parent 
(the heterozygous state). The homozygous state isn’t common, so 
natural selection acts only slowly to eliminate harmful recessive 
genes. New mutations may occur fast enough to compensate for 
the gradual elimination of  the gene. In the case of  androgen 
insensitivity syndrome (which is caused by an X-linked recessive 
gene in which XX female heterozygous carriers of  the gene are 
healthy), about one-third of  all cases of  the disorder are caused 
by new mutations.54

In some cases, “harmful” genes are actually benefi cial when 
they occur in the heterozygous state. The classic example is the 
gene that causes sickle cell anemia: Persons with two copies of  the 
gene develop the disease, but persons with one copy (the heterozy-
gous state) are actually better off  than those who have no copies, 
because the heterozygous state confers resistance to malaria. 
Therefore, in malaria-prone regions, the sickle-cell gene persists.

In real life, genes may have multiple effects, and they may 
interact with each other and with the environment in complex 
ways that make it hard to predict what their net effects on repro-
ductive success may be. That’s particularly true for genes that 
haven’t yet been identifi ed, such as the genes that may predis-
pose to homosexuality. Still, that uncertainty hasn’t prevented 
people from coming up with hypotheses about how “gay genes” 
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are able to stay afl oat in the gene pool, and even looking for 
evidence in support of  them.

One idea is this: Maybe being gay doesn’t have as severe an 
impact on reproductive success as we imagine.55 After all, many 
famous gay people, such as Oscar Wilde, have been parents. 
Perhaps traditional societies forced everyone to marry and have 
all the children they were capable of, regardless of  their sexual 
orientation. In that situation, genes predisposing to homosexu-
ality would not have been weeded out.

This idea doesn’t hold water, however—for men, at least. 
Whatever the situation in traditional societies, gay men in con-
temporary Western cultures are far less likely to have children 
than are their straight peers. In one U.S. random-sample survey 
conducted in 1994, for example, only 27% of  men who identi-
fi ed as gay or homosexual said they were fathers, compared with 
60% of  other men.56 A more recent Italian study found that gay 
men have only one-fi fth the number of  children that straight 
men have,57 and a British study (which focused on White men) 
found an even larger difference.58 These huge disparities should 
eliminate any gene for male homosexuality in the blink of  an 
evolutionary eye. The 1994 U.S. study found only a small dif-
ference between lesbians and other women (67% vs. 72% said 
they had children), but even that difference, if  consistently 
maintained, should eliminate genes for female homosexuality 
quite quickly.

About the only way that the existence of  gay genes could be 
compatible with the lower reproductive success of  gay people is 
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if  there is a compensatory increase in the numbers of  hetero-
sexual relatives of  gay people: individuals who, because of  their 
relatedness to the gay person, have some likelihood of  also 
carrying the “gay genes.” The transmittal of  these extra copies 
of  the genes into the next generation could balance the loss of  
copies caused by the lowered reproduction of  gay people them-
selves, thus maintaining “gay genes” in a state of  equilibrium 
through the generations. This, of  course, would require that not 
every person carrying a “gay gene” is actually gay.

Gay men do indeed seem to have more relatives than straight 
men. In the British study just mentioned, which was led by psy-
chiatrist Michael King, the combined total numbers of  siblings, 
aunts, uncles, and cousins (i.e., relatives belonging to genera-
tions that were likely to be complete at the time of  the survey) 
was 19.8 for the gay men and 16.9 for the straight men; in other 
words, the gay men had nearly three extra relatives.59 These extra 
relatives were fairly evenly spread across all the classes of  rela-
tives just mentioned, but the paternal relatives contributed more 
to the increase than did maternal relatives. Gay men also had 
more nephews and nieces than did straight men, but this gen-
eration was probably incomplete at the time of  the survey, so the 
numbers were more diffi cult to interpret.

A smaller British study, led by Qazi Rahman, failed to fi nd a 
signifi cant difference between the family sizes of  gay and straight 
White men, and found the opposite relationship—a greater 
family size for straight men—among their non-White subjects.60 
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This latter fi nding might have resulted from a recruitment bias, 
however.‡ 

An Italian study, like King’s British study, found that gay 
men had more relatives than did straight men, but the extra 
relatives were not evenly spread across all classes of  relatives—an 
issue I’ll return to later.61

KIN SELECTION

What causes gay men to have extra relatives? One possibility is 
that gay men (and possibly lesbians, too) actually help their 
relatives reproduce. For example, gay people might give their 
siblings money or assist them with child care, thus enabling 
them to have extra children. There are known examples of  non-
human species in which some individuals do not have offspring 
themselves but dedicate themselves to the reproductive success 

‡ Non-White immigrants who are not yet fully acculturated tend to 

belong to larger-than-average families, and they use more inclusive defi ni-

tions of  relationship terms like “cousin.” They also tend to be less accepting 

of  and open about homosexuality. I speculate that the straight non-White 

subjects were representative of  the entire non-White population, whereas 

the gay non-White subjects came from the more acculturated families, lead-

ing to a smaller estimate of  family size for the gay men. (This by way of  

demonstrating that, with suffi cient ingenuity, any inconvenient fi nding can 

be explained away.)
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of  their close relatives. The best-known examples are the social 
insects, such as ants and bees, in which sterile female workers 
help the queen reproduce. 

This “kin selection” model, which was fi rst invoked to 
explain homosexuality by sociobiologist E.O. Wilson,62 does 
not work well to explain the persistence of  “gay genes” in 
humans, however. Admittedly, there is one set of  studies that 
seems to support it: Paul Vasey and his student Doug VanderLaan 
have reported that homosexual men in Independent Samoa, 
who are known locally as fa’afafi ne, are signifi cantly more willing 
to assist their siblings with child-rearing duties than are straight 
men.63 This helpfulness is not directed to the children of  nonkin, 
and it is not explained simply by the men’s general femininity, 
so in those respects it fi ts well with the kin selection model. 
However, it is very unclear that a fa’afafi ne provides enough assis-
tance to his kin to satisfy the model. For a fa’afafi ne’s behavior to 
satisfy kin selection theory, he must help a sibling have an extra 
two surviving offspring for every one offspring that he gives up 
on himself. That is a very diffi cult condition to fulfi ll.

Comparable studies in the United States and the United 
Kingdom have found no evidence in favor of  a kin selection 
model.64 What’s more, gay people devote considerable resources 
to their own (reproductively ineffi cient) sex lives, but this behav-
ior has little value in terms of  a kin selection model. And, 
however benevolent gay people’s feelings toward their relatives 
might be, this benevolence could hardly increase the number of  
their relatives in the generation before their own, yet there are 
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in fact extra relatives in that generation, according to the King 
study.65

THE “FERTILE FEMALE” HYPOTHESIS

A more likely explanation for why gay people belong to larger 
extended families than straight people is that “gay genes” act 
directly within some of  the relatives of  gay people to increase 
their reproductive success. At least two models exist for how this 
might work. Both require than “gay genes” have other effects 
besides conferring a predisposition to homosexuality.

In one model, “gay genes” promote the reproductive success of  
the opposite-sex relatives of gay people. Because the relevant 
research has been done on the relatives of gay men, this model is 
usually called the “fertile females” hypothesis.66 It could be, most 
simply, that a male “gay gene” is not really a gene for homosexual-
ity per se, but for sexual attraction to males (androphilia). If  so, 
those female relatives of gay men who inherited the gene might 
be, as it were, “hyper-heterosexual.” That is, they would have the 
regular tendency to experience sexual attraction to males that 
most women share, plus an extra dose conferred by the androphilic 
gene that runs in their families. As a result, they might engage in 
more sex with men and thus become pregnant more often.

To the extent that this sexually antagonistic model is correct, the 
larger average size of  gay men’s extended families should result 
from the greater fecundity (number of  children) of  their female 
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relatives rather than of  their male relatives. Although the King 
study mentioned earlier did not observe this effect, an Italian 
research group led by Andrea Camperio-Ciani of  the University 
of  Padua has reported a difference of  this kind in two studies.67 
In fact, the specifi c distribution of  enhanced fertility found in 
the Italian study was suggestive of  at least one “gay gene” on the 
X chromosome, consistent with Dean Hamer’s 1993 study. 
Similar data were obtained by Qazi Rahman and colleagues for 
the relatives of  White men in the U.K.68

Thus, the “fertile females” hypothesis for the maintenance of  
genes promoting male homosexuality has some observational 
support. What’s more, detailed mathematic modeling has shown 
that, with certain assumptions (that two genes infl uence male 
sexual orientation, at least one of  them located on the X chro-
mosome), the sexually antagonistic model explains why male 
homosexuality persists at a constant low frequency in the popu-
lation without either dying out or increasing in frequency.69

BENEFICIAL EFFECTS ON SAME-SEX 
RELATIVES

I’ve just described a mechanism whereby a gene predisposing to 
homosexuality in one sex might increase the reproductive suc-
cess of  heterosexual persons of  the other sex. There are other 
possible mechanisms, however, in which a gene promoting homo-
sexuality in one sex might increase the reproductive success of  
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heterosexual persons of  the same sex, or of  both sexes. The most 
detailed model of  this kind was developed by economist 
Edward Miller of  the University of  New Orleans.70 As with the 
other models, this one was directed primarily at explaining male 
homosexuality, although it could be applied to both sexes.

Miller started from the assumption (for which I have 
described evidence earlier in this book) that male homosexuality 
is not an isolated trait but rather is part of  a package of  gender-
variant traits. Miller proposed that several “feminizing” genes 
control these traits. If  a man inherits a few of  these genes, he 
will have some feminine characteristics, which might include 
increased empathy and kindness, decreased aggressiveness, and 
the like. These genes, Miller suggests, increase his attractiveness 
to women, permitting him more sexual access to women and 
thus offering him the likelihood of  having more offspring. If  a 
man inherits all of  these genes, however, he will be feminized to 
the point of  homosexuality, and his reproductive success will 
drop markedly. This leads to an equilibrium state that maintains 
a certain constant percentage of  gay men in the population. 
Because each feminizing gene is present in many more straight 
men than gay men, it only has to raise each straight man’s 
reproductive success by a small amount to compensate for the 
lowered reproductive success of  gay men. 

There are three predictions that one could make on the basis 
of  this model. First, straight men who exhibit certain feminine 
traits should experience greater reproductive success than straight 
men who lack such traits. Second, straight men who have gay 
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relatives should be more likely to exhibit feminine traits than 
straight men who lack gay relatives. And third, straight men who 
have gay relatives should experience greater reproductive success 
than heterosexual men who lack gay relatives.

Miller did not test these predictions, but a group led by 
Brendan Zietsch of  the Queensland Institute of  Medical 
Research (and including Michael Bailey) made an initial attempt 
to do so, using nearly 5,000 male and female subjects from the 
Australian twin registry mentioned earlier.71 The subjects fi lled 
out questionnaires that investigated their masculinity or femi-
ninity, their sexual orientation, and the number of  opposite-sex 
sex partners they had had over their lifetime. (The researchers 
used the number of  sex partners in preference to fecundity—the 
total number of  offspring—on the theory that modern culture 
has divorced fecundity from the psychological traits that used to 
regulate it.)

Zietsch’s group found, fi rst, that femininity in men and mas-
culinity in women were associated with an increasing likelihood 
of  being gay. This was fully expected, of  course. However, among 
straight men, femininity was associated with a larger number of  
female sex partners, and among straight women, masculinity was 
associated with a larger number of  male sex partners. Thus, in 
accordance with Miller’s model, gender-atypical traits do seem to 
promote reproductive success in both straight men and straight 
women.

Second, by analysis of  concordance rates in the monozygotic 
and dizygotic twin pairs, the researchers were able to show that 
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overlapping genetic factors were partly responsible for the 
correlation between gender identity and sexual orientation and 
(in straight men and women) between atypical gender identity 
and number of  sex partners. This is also consistent with Miller’s 
model.

Finally, the researchers found that the heterosexual individ-
uals with gay co-twins had more opposite-sex sex partners than 
did heterosexual individuals without gay co-twins, although the 
difference only reached statistical signifi cance for females. This 
suggests that, among females at least, close same-sex relatives of  
gay individuals inherit genes that aid their reproductive success 
by conferring atypical gender characteristics.

These fi ndings need to be replicated and extended. In gen-
eral, though, it is clear that there are robust models that can 
account for the persistence of  “gay genes” through their benefi -
cial effect on the reproductive success of  gay people’s relatives.72 
Evolutionary considerations do not rule out the existence of  
genes that promote homosexuality—in fact, such considerations 
may be the key to identifying them and understanding their 
mode of  action.
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All mental traits, including sexual orientation, have some 
durable representation in the brain. These representa-

tions are not merely a matter of  neuronal activity patterns; we 
know this, because their infl uence reemerges after our thoughts 
have been diverted into other channels, after we have been asleep 
or under general anesthesia, and even after our brains have been 
cooled to a temperature at which all neuronal activity ceases. 
Therefore, these brain representations are structural in a broad 
sense, which could include the number, kind, and arrangement 
of  neurons, synapses, or molecules.

Finding these representations could be diffi cult. Take our 
preference for one musical composer over another. This too has 
to have some representation in the brain, but it is likely to be an 
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inconspicuous one. Finding it might be like fi nding, in a hay-
stack, not a needle but an unmarked stalk of  hay. Our hope that 
the representation of  sexual orientation is fi ndable rests on the 
assumption that there is something unusual about this trait—
that it involves very basic and specialized neural hardware rather 
than general-purpose networks.

Even fi nding a brain representation for a person’s sexual 
orientation—whether straight or bisexual or gay—doesn’t mean 
that we have understood how it came into being. Figuring that 
out requires putting together information from many different 
approaches, some of  which I have discussed in previous chap-
ters. I will make only some brief  comments on this topic at the 
end of  the chapter, and postpone further consideration of  it 
until later in the book. In this chapter, I will focus on what has 
been learned from studying the brains of  people of  different 
sexual orientations.

A BRIEF TOUR OF THE BRAIN

The brain has a dauntingly complex organization, but for the 
present purposes I need only give a quick sketch, focusing on a 
few structures that may be relevant to our enquiry (see Fig. 8.1). 
The brain consists of  two general parts: the forebrain, which 
takes up most of  the brain’s volume, and the brainstem, which 
connects the forebrain to the spinal cord. It’s the forebrain that 
interests us here.



The most obvious feature of  the forebrain is the cerebral 
cortex, the wrinkled, layered sheet of  gray matter (neurons and 
synapses) that forms most of  the outer surface of  the left and 
right cerebral hemispheres. The cerebral cortex is the principal 
site of  cognitive processing. On each side of  the brain, the cere-
bral cortex is divided into four major lobes—the frontal, tempo-
ral, parietal, and occipital lobes—and these lobes are further 
divided into anatomically and functionally specialized regions 
that are designated with numbers or names. Under the cortex is 
white matter (stained black in the fi gure), which consists of  neu-
ronal fi bers connecting cortical regions with each other and with 

Figure 8.1 Transverse section through the human brain, showing some of  
the structures mentioned in this chapter. The white matter (fi ber tracts) 
has been stained dark. Image by permission of  Michigan State University 
Brain Biodiversity Bank, produced with support from the U.S. National 

Science Foundation.
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other brain regions. The major band of  white matter than inter-
connects the left and right hemispheres is called the corpus callosum; 
another, much smaller one is called the anterior commissure.

Even deeper under the white matter are large groups of  
nuclei—clusters or masses of  neurons that are not organized into 
layers. I’ll mention just three of  these groups. The thalamus acts 
as a way-station between lower centers and the cerebral cortex, 
converting sensory signals into a form that the cerebral cortex 
can digest. It also participates in cognitive processes by way of  
its two-way connections with the cortex.

Below the thalamus is the hypothalamus, which I’ve already 
mentioned several times in earlier chapters. The hypothalamus 
can be seen on the underside of  the brain. It is situated on either 
side of  the third ventricle, a slit-like space fi lled with cerebrospinal 
fl uid that lies in the brain’s midline. In spite of  its rather small 
size, the hypothalamus participates in a wide variety of  “life-
preserving” functions, such as feeding and drinking, keeping our 
body temperature in the right range, and reproduction. The 
hypothalamus also controls the function of  the pituitary gland, 
the master gland of  the endocrine system that sits immediately 
under the hypothalamus. The hypothalamus is divided into 
many small nuclei with specialized functions, and these are con-
nected with many other brain regions, including the cerebral 
cortex. The hypothalamus is one of  the most ancient parts of  
the brain in evolutionary terms.

Another subcortical structure that needs to be mentioned is 
the amygdala, which lies to the side of  the hypothalamus at the 
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base of  each cerebral hemisphere, within the temporal lobe. 
Each amygdala is a ball-like mass of  neurons about 1 cm in 
diameter, and like the hypothalamus, it consists of  several indi-
vidual nuclei. Although the different nuclei within the amygdala 
have a variety of  connections and functions,1 one important 
function of  the amygdala is the processing of  emotion—most 
notably, the forming of  emotional associations sparked by, for 
example, seeing happy or fearful faces.2 Parts of  the amygdala 
are involved in sexual functions, connect richly with hypotha-
lamic nuclei that are concerned with sexual behavior,3 and differ 
between the sexes in terms of  their synaptic architecture.4

THE HYPOTHALAMUS AND 
SEXUAL ORIENTATION

As I already discussed in Chapter 3, a region at the front of  the 
hypothalamus called the medial preoptic area is involved in the 
regulation of  male-typical sexual behaviors, and within this area 
lies at least one cell group that is larger, on average, in males than 
in females. In rats, this cell group is called the sexually dimorphic 
nucleus of  the preoptic area (SDN-POA), and in humans it is 
called the third interstitial nucleus of  the anterior hypothalamus 
(INAH3) (see Fig. 8.2A). It is suspected, but not proven, that 
the rat’s SDN-POA and the human INAH3 are homologous 
structures, meaning that they evolved from the same structure in 
the common ancestor of  rats and humans.5
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In the 1991 study already mentioned at the beginning of  
this book, I reported that INAH3 was signifi cantly smaller, on 
average, in gay men than in straight men (Fig. 8.2B). In fact, 
there was no signifi cant difference between its size in the gay 
men and in the women in my sample (whose sexual orientation 
was unknown).6

Because it was an autopsy study, various questions of  inter-
pretation arose, especially because all the gay men in my study, 
but only about half  of  the straight men, died of  complications 
of  AIDS. A number of  critics have raised the possibility that 
I was seeing an effect of  that disease rather than something 
related to the men’s sexual orientation. I don’t think that was the 
case, for a variety of  reasons. There was no difference between 
the size of  INAH3 in the straight men who died of  AIDS and 
those who died of  other diseases; there was no obvious pathol-
ogy in the specimens I studied; other nearby nuclei (INAH1, 
INAH2, and INAH4) showed no size differences between sub-
ject groups; and the INAH3 of  one gay man who died of  non-
AIDS causes (which I obtained after publication of  the 1991 
study) was as small as in the gay men in the study. Still, autopsy 
studies do have their limitations: I will discuss brain imaging 
studies on living, healthy people later in the chapter.

Only one attempt has been made to replicate my study, 
by psychiatrist and neuroscientist William Byne of  Mount Sinai 
School of  Medicine, New York, and several colleagues.7 Byne’s 
group confi rmed that INAH3 was sexually dimorphic, and that it 
did not differ in size between persons who died of complications 
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of  AIDS and those who died of  other causes. With regard to 
sexual orientation, they found INAH3 to be intermediate in 
size between the average sizes for (presumably straight) men and 
women (Fig. 8.2C). The size difference between the gay and 
straight men did not quite reach statistical signifi cance by the 
test that Byne employed, so he described it as a “trend.”*

Byne’s group also measured neuronal packing density (the 
number of  neurons per cubic millimeter) in INAH3, and found 
a “strong trend” for neuronal density to be higher in the gay 
men than in the straight men. Neuronal density is relatively high 
when the structures that usually occupy the spaces between neu-
rons, such as synapses, are smaller or fewer, allowing the neurons 
to pack more closely together; Byne suggested that this might be 
the case in gay men relative to straight men. 

Byne’s fi ndings were in no way a refutation of  the fi ndings 
of  my study, but neither were they a clear-cut confi rmation. 
Further studies are certainly needed. Other studies have strength-
ened the general conclusions of  my own in indirect ways, 
however. First, very similar fi ndings to those of  my human study 
have been made in sheep (see later discussion). Second, Dick 
Swaab’s group at the Netherlands Institute for Brain Research 

* Byne used a two-tailed t-test, which is the appropriate test in cases 

where there is no advance prediction about the direction of  a difference. 

Given that my study had already reported INAH3 to be smaller in gay men, 

a one-tailed test might have been appropriate. Such a test would have yielded 

a signifi cant difference.
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reported that INAH3 was smaller in male-to-female transexuals 
than in non-transexual men.8 Third, activity patterns in this 
region of  the hypothalamus have been reported to differ between 
gay and straight men (see later discussion).

One other structure in the hypothalamus has been reported 
to differ in size between gay and straight men. As I mentioned 
in the Introduction, Dutch researchers (Dick Swaab’s group) 
reported in 1990 that a cell group called the suprachiasmatic 
nucleus was larger in gay men than in straight men.9 The supra-
chiasmatic nucleus is concerned with the regulation of  circadian 
rhythms, not sex. Swaab’s report has not been followed up by 
other groups. If  the fi nding is real, its signifi cance is uncertain. 
(In a preliminary study that has not been followed up, Qazi 
Rahman and Kevin Silber did report on apparent differences 
between the sleep–wake cycles of  gay and straight people.10)

For the sake of  completeness, and to clear up some confusion 
that has developed in the literature, I should mention that Dick 
Swaab’s group reported in 1985 on a different hypothalamic cell 
group, now generally known as INAH1, which they claimed was 
larger in men than in women.11 They named the cell group 
“SDN-POA,” described it as “analogous” to the rat’s SDN-POA, 
and performed a number of  subsequent studies of  its structure 
and development.12 They also reported failing to fi nd any differ-
ence between the size of  INAH1/“SDN-POA” in gay and 
straight men, and used this fi nding to reject the idea that the 
hypothalamus of  gay men develops in a sex-atypical fashion.13 
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Since that time, however, three other laboratories have failed 
to confi rm the basic sex difference in INAH1.14 Thus, the reli-
ability of  Swaab and Fliers’ 1985 observation, the merits of  
any theoretical conclusions based on it, and the appropriateness 
of  the name “SDN-POA” in reference to INAH1, are open to 
serious question. Swaab continues to believe that this nucleus is 
sexually dimorphic, however.15

OTHER BRAIN REGIONS

Several brain regions outside of  the hypothalamus have been 
reported to differ in structure between gay and straight people. 
Both of  the fi ber tracts interconnecting the two cerebral hemi-
spheres that were mentioned earlier—the anterior commissure 
and the much larger corpus callosum—have been reported to be 
larger in gay men than straight men, a difference in the opposite 
direction from what I reported for INAH3.

The anterior commissure study—based on autopsy material—
was carried out by Laura Allen and Roger Gorski of  UCLA.16 
They had previously reported that the anterior commissure was 
larger, on average, in women than in men; thus, their report that 
the anterior commissure was larger in gay than in straight men 
seemed to be another example of  a brain structure that is shifted 
in the feminine direction in gay men. When Byne’s group attempted 
to replicate this fi nding, however, they were unable to fi nding any 
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difference in the size of  the anterior commissure—either between 
gay and straight men or between men and women.17

The study on the corpus callosum was carried out much 
more recently by Sandra Witelson and her colleagues at 
McMaster University, using magnetic resonance imaging (MRI) 
in living subjects.18 The corpus callosum is a single band-like 
structure, but it is conventionally divided into a series of  sectors, 
from front to back, that interconnect different lobes of  the cere-
bral cortex. Among Witelson’s subjects, who were all right-
handed, all the sectors of  the corpus callosum were larger in gay 
men, but the difference was only signifi cant for one sector called 
the isthmus, which interconnects parts of  the parietal and tempo-
ral lobes in the left and right hemispheres.

There has been a long-running controversy on the subject of  
whether the corpus callosum is sexually dimorphic. If  it is, the 
difference is subtle, and it may affect different parts of  the cal-
losum in different ways. Witelson had previously reported, how-
ever, that the isthmus is larger in non-right-handed people—i.e., 
people who are left-handed or mixed-handed—compared with 
people who are consistently right-handed, and this has been 
independently confi rmed.19 Thus, Witelson’s fi nding of  a differ-
ence in the isthmus between gay and straight men (which has 
not yet been independently replicated) is relevant to the ques-
tion of  a connection between handedness and sexual orienta-
tion, a topic I discuss in Chapters 5 and 9.

A group led by Jorge Ponseti of  the University of  Kiel, 
Germany, used MRI to examine the distribution of  gray matter 
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and white matter throughout the brains of  gay and straight men 
and women.20 They found no differences between gay and 
straight men, but they did fi nd several locations where lesbians 
had signifi cantly less gray matter than did straight women. The 
most marked difference was in a region of  the left cerebral 
hemisphere called the perirhinal cortex (see Fig. 8.3). This region 
typically has more gray matter in women than in men, so 
Ponseti’s fi nding was another example of  a sex-atypical structure 
in gay people—in lesbians, this time. The perirhinal cortex is 
involved in olfactory processing, spatial processing, and memory 
encoding; all of  these functions differ between men and women 
in some respects.

Yet another anatomical study was carried out by Ivanka Savic 
and Per Lindström of  the Karolinska Institute in Stockholm, 

y=2 y=0 y=−2

Figure 8.3 Brain structure and sexual orientation in women. These are 
three transverse slices through the brain, showing the location of  a region 
(indicated by the arrow) where there is less gray matter in lesbians than in 

straight women, according to a magnetic resonance imaging  study by 
Ponseti et al., 2007. This region, the perirhinal area of  the left 
cerebral cortex, typically has less gray matter in men than in 

women: Thus it is gender-shifted in lesbians.
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Sweden, using both MRI and positron emission tomography 
(PET).21 They studied 90 subjects, including both straight and 
gay men and women. In the MRI portion of  the study, Savic 
and Lindström compared the volumes of  the left and right cere-
bral hemispheres. In the straight men, the right hemisphere was 
2% larger than the left—a modest but highly signifi cant differ-
ence. In the straight women, the two hemispheres were the same 
size. In gay men, the two hemispheres were also the same size; 
in other words, gay men were sex-atypical in this regard. In the 
lesbians, the right hemisphere was just slightly larger than the 
left, perhaps indicating a small shift in the male direction in this 
measurement.

The Swedish researchers used the PET scanner to visualize 
functional connections within the brains of  their subjects.† The 
main fi ndings of  interest concerned the left and right amygdalas. 
There were marked differences between straight men and women. 
In straight men the right amygdala was more richly connected 
with other brain regions than was the left amygdala, whereas in 
straight women the left amygdala was more richly connected. 
What’s more, the main functional connections formed by the 

† The PET scans, performed while the subjects are not engaged in any 

specifi c mental activity, produce an estimate of  how neuronal activity varies 

over time at many small regions (voxels) throughout the brain. To the extent 

that any two regions tend to be active simultaneously, a functional connection 

is likely between them. The demonstration of  a “functional connection” does 

not specify exactly how the two regions are connected in anatomical terms.
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amygdala were to different brain regions in the two sexes. 
(These fi ndings confi rmed earlier reports from the laboratory 
of  Larry Cahill at the University of  California, Irvine.22) In the 
gay men and lesbians, however, these characteristics were almost 
entirely sex-atypical: The fi ndings in gay men resembled those 
in straight women, and the fi ndings in lesbians resembled those 
in straight men. 

BRAIN ACTIVITY

In Chapter 6, I mentioned two studies that reported on differ-
ences in brain activity related to sexual orientation, both of  
them focused on the auditory system. Several more recent stud-
ies have used functional magnetic resonance imaging (fMRI) to 
reveal activity patterns in the brains of  gay and straight people 
while they were viewing potentially arousing images. These 
images have included male and female faces,23 male and female 
genitals in a state of  arousal,24 and video clips of  male–male and 
female–female couples engaged in sexual behavior.25

In general, these studies have revealed widely distributed 
brain systems that are active during the viewing of  erotic images, 
when those images are appropriate to the viewer’s sexual orienta-
tion. That is to say, roughly the same brain regions are active 
when straight men view female images as when gay men view 
male images, and similarly for lesbian and straight women. This 
is not particularly surprising.
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I mentioned in Chapter 1, however, that most women (unlike 
men) respond with similar genital and subjective arousal to 
erotic videos showing male–male and female–female couples, 
regardless of  their own stated sexual orientation.26 It is therefore 
rather surprising that brain responses in women viewing genitals 
are fairly specifi c: According to Jorge Ponseti’s group, several 
brain regions including parts of  the thalamus and the frontal 
lobe of  the cerebral cortex were more active in straight women 
when they viewed male genitals than when they viewed female 
genitals, and vice versa for lesbians.27 The reason for this appar-
ent disconnect between the specifi city of  brain activity and the 
lack of  specifi city in genital and subjective arousal is unclear and 
merits further study.

Although, as just mentioned, activity patterns in the brains 
of  gay and straight people are generally similar (so long as they 
are viewing images of  their preferred sex partners), there does 
seem to be one difference, which concerns the amygdala. In gay 
men, according to a Northwestern University group led by Adam 
Safron, the amygdala is far more active when the subject is view-
ing male than female erotic videos, consistent with their sexual 
orientation. In straight men, on the other hand, the amygdala is 
equally active during viewing of  male and female erotic videos, 
as well as during viewing of  nonerotic videos.28 This unexpected 
fi nding needs to be confi rmed, and its meaning is unclear. One 
possibly relevant fact is that the amygdala contains nuclei with a 
variety of  functions, not all of  them related to sexual behavior; 
a signal representing the sum of  activities in all these nuclei might 
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fail to detect important differences in straight men’s responses to 
different images. A recent Chinese study reported on some other 
apparent differences in the brain responses to sexually arousing 
images in gay and straight men.29

PHEROMONE STUDIES

Perhaps the most intriguing functional imaging studies have 
been carried out by the Karolinska Institute group. In these 
studies, the Swedish researchers examined brain activity patterns 
in gay and straight men and women while they were exposed to 
substances suspected of  being human sex pheromones. 

Some background is in order here. I already mentioned the 
relevance of  pheromones to the sex life of  the fruit fl y, Drosophila. 
In that case, the pheromones are present on the cuticle (hard 
outer surface) of  the fl y, and are detected by other fl ies through 
the sense of  taste. Rodents also produce sex pheromones, but 
these are volatile substances, often derived from steroid sex hor-
mones, that are released from the animals’ urine or body secre-
tions into the air; they are detected through the sense of  smell 
(olfaction). A small sensory structure within the rodent’s nose 
called the vomeronasal organ (VNO) is specialized for detecting 
pheromones.

The importance of  pheromones to rodent sexuality has been 
demonstrated in many studies. For example, Catherine Dulac’s 
group at Harvard University studied mutant mice that were 
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unable to sense any urinary pheromones.30 Male mice with this 
mutation were unable to tell the difference between males and 
females; these mice courted and attempted to mount males and 
females equally, unlike wild-type male mice that have a strong 
preference to interact sexually with females. Female mice with 
the mutation showed the entire sequence of  male-typical sexual 
behaviors, including solicitation, mounting, and pelvic thrust-
ing and, like the mutant males, they directed these behaviors 
indiscriminately toward males and females. Even simply remov-
ing the VNO in otherwise normal female mice had the same 
effect as the mutation.

These fi ndings suggest that sex pheromones play an impor-
tant role in directing the sex behavior of  male and female mice 
to animals of  the opposite sex. They also indicate that the neural 
circuitry responsible for male-like sexual behavior is present in 
adult female mice, but that this circuitry is normally suppressed 
by inputs from the VNO.

There has been a great deal of  controversy about whether 
sex pheromones exist in humans and, if  so, what their function 
may be. On the one hand, the olfactory system is less well devel-
oped in humans than in many other mammals; the VNO is 
vestigial at best and does not contain sensory cells that connect 
with the brain; and the genes that code for the vomeronasal 
receptor molecules are nonfunctional in humans.31

On the other hand, there is some evidence that substances 
suspected of  being human sex pheromones may be detected 
by the main olfactory sense organ rather than by the VNO.32 
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And pheromone enthusiasts point to a variety of  studies in 
which sniffi ng body secretions or substances purifi ed from secre-
tions appears to have some psychological effect, such as improv-
ing the person’s mood or affecting his or her judgments of  
attractiveness.33

Human sex pheromones are suspected of  being sex steroids 
that have been chemically altered by bacteria that inhabit the 
skin. Some researchers hold that, to be considered a pheromone, 
a substance must act through unconscious channels, while others 
refer even to consciously perceived odors as pheromones. It’s 
very possible that a substance will have a perceptible odor at a 
high concentration but also work as a pheromone at concentra-
tions too low to be consciously sensed.

In 2005, researchers at the Monell Chemical Senses Center 
in Philadelphia asked straight men, straight women, gay men, 
and lesbians to compare the attractiveness of  odors derived from 
the armpits of  these same four subject groups.34 Oddly, neither 
straight men nor straight women showed any consistent pre-
ferences when comparing odors derived from straight men and 
straight women. However, straight men, straight women, and 
lesbians all liked the odors from gay men less than those from 
other subject groups, while gay men themselves liked the odors 
from gay men better than those from other subject groups, espe-
cially in comparison to odors from straight men or lesbians.

That the odor of  gay men is recognizably different from the 
odor of  other people is believable, although the claim hasn’t been 
independently verifi ed and its chemical basis hasn’t been studied. 
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It seems unlikely to me, though, that gay men have an innate 
preference for the odor of  gay men over that of  straight men, 
because many gay men are attracted to straight men and, given 
the opportunity, will have sex with them even in preference to 
gay partners. Thus this fi nding, if  replicable, is more likely to 
represent a learned association resulting from gay men’s prior 
history of  intimacy with other gay men. 

James Kohl, an independent researcher who also markets 
“human pheromones” to the general public, believes that phero-
mones may have a primary infl uence in setting up a person’s 
basic sexual orientation. Other, more consciously perceived 
aspects of  attractiveness, such as facial appearance, are attached 
to a person’s basic orientation through a process of  association 
during early postnatal life, according to Kohl.35

This model is attractive in that it solves the “binding prob-
lem” of  sexual attraction. By that I mean the problem of  why all 
the different features of  men or women (visual appearance and 
feel of  face, body, and genitals; voice quality, smell; personality 
and behavior, etc.) attract people as a more or less coherent 
package representing one sex, rather than as an arbitrary collage 
of  male and female characteristics. If  all these characteristics 
come to be attractive because they were experienced in associa-
tion with a male- or female-specifi c pheromone, then they will 
naturally go together even in the absence of  complex, genetically 
coded instructions.

Still, even in fruit fl ies, other sensory inputs besides 
pheromones—acoustic, tactile, and visual stimuli—play a role 
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in sexual attraction, and sex-specifi c responses to these stimuli 
appear to be innate rather than learned by association.36 
We simply don’t know where the boundary between prespecifi ed 
attraction and learned association lie in our own species, nor 
do we have compelling evidence for the primacy of  one sense 
over another.

Turning now to the Karolinska study, Ivanka Savic and her 
colleagues used PET technology to visualize brain activity in 
volunteers who were exposed to two compounds that they 
referred to at “putative human pheromones.” One, a substance 
called 4,16-androstadien-3-one (AND), is a steroid derivative 
that is present in armpit secretions of  both men and women.37 
(Savic, as well as other authors, refer to AND as a male-specifi c 
compound derived from testosterone, but the evidence does 
not appear to support this assertion.38) The other, called estra-
1,3,5(10),16-tetraen-3-ol (EST), is an estrogen-like compound 
present in the urine of  pregnant women. When sniffed, AND 
and EST have a variety of  effects on mood. Some of  these effects 
differ between the sexes, but that doesn’t seem to be the case with 
regard to sexual arousal: Both AND and EST are reported to 
enhance sexual arousal in both men and women.39

Some effects of  these substances can be elicited even 
when they are diluted to concentrations that are too low for 
conscious detection. In the studies discussed here, however, 
Savic’s group used the pure undiluted chemicals, and their 
subjects did have conscious experience of  the odors that were 
presented to them.
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Savic’s subjects were heterosexual men and women, along 
with gay men.40 In a later study the researchers added lesbians 
to the mix.41 Some brain regions were activated in a rather non-
specifi c fashion: These included cortical regions known to be 
involved in the processing of  odors, as well as the amygdala. 
The most interesting pattern, however, was seen in the hypo-
thalamus—specifi cally, in a zone at the front of  the hypothala-
mus, which included the medial preoptic area (where INAH3 
is located), as well as nuclei behind the medial preoptic area that 
are also thought to be involved in the regulation of  sexual behav-
iors. (The PET technique lacks the resolution to image indi-
vidual hypothalamic nuclei, unfortunately.) The front zone was 
active in straight men when they smelled EST but not AND, 
whereas straight women showed the exact opposite pattern: 
The zone was active when they smelled AND but not EST. In 
gay men, this area responded to AND and not EST, just as in 
straight women and in sharp contrast to straight men. In lesbi-
ans, as in straight men, this zone did not respond to AND. 
It did respond to EST, but not as strongly as this region did in 
straight men. Thus, the response pattern in lesbians was strik-
ingly different from that in straight women but not precisely the 
same as that seen in straight men. 

It would make a neat story if  AND was a male-specifi c sex 
pheromone and EST was a female-specifi c sex pheromone. Then 
one could conclude that cell groups in the front part of  the 
hypothalamus are selectively responsive to odors from persons of  
whichever sex is attractive to the subject, and unresponsive to 
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odors from the other sex. In reality it’s not that neat, because 
AND is present in the armpits of  both sexes, and EST, although 
female-specifi c, is only present during the latter part of  preg-
nancy, which is hardly an ideal time to solicit sex partners. What’s 
more, as mentioned above, AND and EST have not been shown 
to promote sexual arousal in a sex-specifi c fashion. Thus, Savic’s 
fi ndings, although intriguing, leave many unanswered questions 
that need to be resolved in future studies. Perhaps most immedi-
ately, it is important to fi nd out whether similar orientation-
specifi c activity patterns are seen when AND and EST are sniffed 
at the very low concentrations present in real life. If  so, one 
might go on to study whether the brain responses to these com-
pounds result from a learning process (refl ecting a history of  
sexual contacts with males or females, for example) or whether 
they exist prior to the onset of  sexual activity and possibly 
contribute to a person’s choice of  sex partners.

SHEEP

Among domesticated breeds of  sheep, 6% to 10% of  rams 
mate with other rams and do not mate with ewes, or do so much 
less readily. Aside from the preferred sex of  their partners, the 
sexual behavior of  these homosexual rams resembles that of  
heterosexual rams.42 The existence of  substantial numbers of  
individuals with a durable homosexual orientation (as opposed 
to a bisexual or heterosexual orientation) seems to be unusual 
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among animal species. Thus, even though sheep are not ideal 
laboratory animals, several researchers have focused on them 
with a view to understanding the biological basis of  male sexual 
orientation in this species.

According to studies by Anne Perkins of Carroll College in 
Montana, Charles Roselli of Oregon Health and Science University, 
and their colleagues, the brains of homosexual rams differ in 
several important respects from those of heterosexual rams:

As I reported for humans, the sexually dimorphic nucleus in  •
the medial preoptic area, known as oSDN in sheep, is about 
half  the size in homosexual rams compared with heterosex-
ual rams (Fig. 8.2D).43

The levels of  the aromatase enzyme are lower in the oSDN  •
of  homosexual rams than in heterosexual rams.44

The levels of  receptors for estrogen in the amygdala are  •
lower in homosexual rams than in heterosexual rams.45

The sheep, like the rat, is a species in which conversion of  tes-
tosterone to estrogen (by aromatase), and the binding of  estro-
gen to its receptors, have been considered important for 
masculinization of  the brain during fetal life, at least with regard 
to some traits.46 If  so, the differences noted here between het-
erosexual and homosexual rams suggest that homosexual rams 
may have experienced lower levels of  testosterone, and of  estro-
gen formed from it, during the prenatal sexual differentiation of  
the brain, and their brains may therefore have been masculinized 
to a lesser degree than is typically the case. There cannot have 
been a global lack of  masculinization, however, because most of  
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the sexual behaviors of  the homosexual rams, except for their 
choice of  partners, are typically male.

Roselli’s group examined the effect of  treating pregnant ewes 
with an aromatase-blocking drug.47 The idea was that the drug 
would block conversion of  testosterone to estrogen in the brains 
of  male fetuses, possibly leading to homosexual partner choice in 
adulthood. The results were quite mild, however: The treated 
rams showed slightly less mounting behavior but did not choose 
male sex partners, and the drug did not prevent male-typical 
differentiation of  the brain. Initially, the authors conjectured 
that the dosage of  the aromatase blocker might not have been 
suffi cient, but more recent experiments with larger and more 
frequent doses also failed to prevent masculinization of  the rams’ 
brain or behavior.48 Roselli’s group has therefore adopted a 
different interpretation, which is that testosterone by itself  plays 
an important role in the development of  sexual orientation in 
sheep, even without conversion to estrogen. Thus, sheep may be 
more similar to humans than to rats in this respect.

The existence of  an animal model for male sexual orienta-
tion that quite closely parallels what is seen in humans offers 
a variety of  possibilities for exploring the underlying mecha-
nisms in ways that would be diffi cult with human subjects. For 
example, it should be possible to compare gene activity, trans-
mitter distribution, neural connections, and synaptic architec-
ture in homosexual and heterosexual sheep, and thus to form 
hypotheses about how the gross differences already reported 
translate into circuitry that mediates sexual behavior with male 
or female partners.
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OVERVIEW

There is growing evidence for structural and functional differ-
ences between the brains of  gay and straight people. These 
involve brain systems that could well be involved in the regula-
tion of  sexual attraction to one sex or the other, such as the 
hypothalamus and amygdala, as well as systems that are unlikely 
to have any close involvement with sexuality.

With regard to the former, the fi ndings are supportive of  the 
idea already put forward several times in this book, that prenatal 
sex hormones control the sexual differentiation of  brain centers 
involved in sexual behaviors, and that this process goes forward 
differently in individuals who become gay as compared to those 
who become straight. The brains of  “pre-gay” male fetuses 
may undergo less masculinization and/or more feminization in 
comparison to those of  “pre-straight” male fetuses, and vice 
versa for “pre-lesbian” female fetuses.

The parallels with the results of  animal experiments, 
described in earlier chapters, are a large part of  the reason for 
leaning toward this conclusion. Still, some caution is in order. 
One possible interpretation of  Byne’s fi ndings on INAH3 is that 
sexual orientation affects only the packing density of  neurons 
in the nucleus, not their total number.49 If  true, this might take 
the focus away from the early developmental period when—if  
animal studies are relevant—testosterone promotes the survival 
of  neurons in INAH3. Instead, the key difference might arise 
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during some poorly defi ned later period when the neurons are 
elaborating their synaptic connections.

As I did not measure cell packing density in my own 
subjects, I cannot strongly confi rm or refute such an interpreta-
tion. Still, I am skeptical that changes in packing density alone 
could explain my results, for, if  so, the density would have to be 
very much increased in the subjects with small INAH3s, and 
that is something I would have noticed. In fact, several of  my 
gay subjects had virtually no detectable INAH3, which is incom-
patible with possessing a full complement of  neurons. Thus, 
I tend to believe that, in at least some of  the gay subjects, the 
small size of  INAH3 is accounted for by programmed cell 
death during early development, the same process that is thought 
to account for the small size of  the nucleus in females.

The fi ndings of  differences between gay and straight people 
in brain regions that are not obviously concerned with sexuality, 
such as parts of  the cerebral cortex, could be connected with the 
existence of  cognitive differences between these same groups, as 
discussed in Chapters 4 and 5. Because, as with the cognitive 
differences, the brain differences generally represent shifts 
toward the other sex, they could be taken as further evidence for 
sex-atypical brain development in gay people.

What is lacking at this point is a clear correlation between 
form and function. That, for example, could involve demonstrating 
that lower mental-rotation skills in gay men are associated with 
sex-atypical development of  the brain structures or connections 
that underlie this skill. Such correlations have been diffi cult to 
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establish even with respect to male–female differences, however, 
because the brain basis of  individual cognitive skills, such as 
mental rotation, has not been pinned down. Some structure–
function correlations can be made in connection with the later-
alization of  cognitive functions, and I will discuss this issue 
in the next chapter. 

INHIBITION AND 
SEXUAL ORIENTATION

Some observations suggest that male heterosexuality might 
involve, not just the existence of  sexual attraction to the oppo-
site sex, but also the active suppression of  sexual attraction to 
the same sex. Most of  the evidence comes from animal studies. 
Damage to the medial preoptic area in male rats or ferrets causes 
a change in their preference from female sex partners to male 
partners, suggesting that SDN-POA might normally both acti-
vate attraction to females and suppress attraction to males.50 
Conversely, as mentioned earlier, removing the VNO in female 
mice causes them to court both males and females, as if  the 
input from the VNO usually exerts a suppressive effect on 
courtship toward females.51

There is some evidence in humans too—at least in men—
for the active suppression of  brain circuitry serving same-sex 
attraction in heterosexual individuals. Homosexual attraction 
and behavior can appear in previously heterosexual men affl icted 
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by the Klüver-Bucy syndrome, which is caused by damage to 
structures in the temporal lobe including the amygdala, a major 
source of  input to the medial preoptic area.52 Homosexual 
attraction can also appear in heterosexual men who undergo 
surgical or chemical castration for prostate cancer,53 or who take 
female hormones as a prelude to sex reassignment surgery.54 It is 
certainly only a minority of  men in these categories who experi-
ence novel homosexual attraction, but the fact that this change 
occurs at all suggests that the brain circuitry serving attraction 
to males does exist in at least some heterosexual men, albeit in a 
functionally suppressed form.

At least in the rat’s SDN-POA, the predominant neuro-
transmitter used by the neurons in this nucleus appears to be 
γ-aminobutyric acid (GABA), which generally has an inhibitory 
action on other neurons.55 Thus, it is conceivable that the 
suppression of  attraction to males involves an inhibition exerted 
directly by the neurons of  SDN-POA (or INAH3) on cell 
groups elsewhere in the brain that promote attraction to males; 
this suppression may be released when the medial preoptic area 
is damaged or deprived of  its neural or hormonal inputs. 
Of  course, this idea is highly speculative and could be entirely 
wrong—I mention it simply to point out that there are possible 
biological mechanisms for setting up sexual attraction to one sex 
that depend primarily on preventing attraction to the other sex.
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Are there are any differences between the bodies of  gay 
and straight people, and if  so how do they come about? 

In Chapter 6, I already discussed evidence for one such 
difference—in fi nger-length ratios. I now look at a broader 
range of  studies. Some focus on gross anatomical features, 
such as height and weight, and others look at more subtle char-
acteristics, such as bodily symmetry or asymmetry. This latter 
topic will require us to briefl y revisit the brain.

For some reason, many inconsistencies exist among the 
studies in this fi eld. Still, it is worth reviewing them, because 
they may shed additional light on the question of  what devel-
opmental mechanisms are at work in the lives of  gay and straight 
people.

N I N E

-

The Body
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BODY SIZE AND SHAPE

Ray Blanchard (of  Toronto’s Centre for Addiction and Mental 
Health) and his colleague Tony Bogaert (now at Brock University 
in Ontario) have conducted several studies of  the relationship 
between body size and sexual orientation, using very diverse 
samples.1 In general, they have found that gay men are slightly 
shorter and lighter than straight men, on average, whereas lesbi-
ans are slightly taller and heavier.

With regard to men, the fi ndings have been fairly robust 
from study to study, but the fi ndings for women have been less 
so. In fact, Bogaert’s most recent study, based on data from a 
large national random-sample survey conducted in Britain, 
found no difference in average height or weight between straight 
and lesbian or bisexual women.2 Even so, in this study signifi -
cantly more variability was present in height and weight among 
lesbian and bisexual women than among straight women. Bogaert 
speculated that there might be subgroups of  non-heterosexual 
women—such as “butch” and “femme” lesbians—whose height 
and weight differed from the female average, but in opposite 
directions. 

Many factors can infl uence a person’s height and weight. One 
factor is age at puberty: The later puberty begins, the more time 
is available for childhood growth, so the person is likely to end 
up that much taller. Boys enter puberty later than girls, and this 
is the main reason why men are taller, on average, than women.
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Several studies have asked gay and straight people about their 
age at puberty. The consensus is that straight and lesbian women 
enter puberty at the same time.3 One large random-sample survey 
found that gay men enter puberty a few months earlier than 
straight men,4 but another, much more detailed study failed to 
fi nd any difference.5 All in all, there is little evidence for differ-
ences in the onset of  puberty between gay and straight people.

Prenatal infl uences, which might include genetic and hor-
monal factors, also infl uence a person’s adult size. This is known 
because there is a correlation between birth weight and adult 
weight.6 A study conducted in Denmark, where detailed birth 
records are available for the entire population, found that gay 
men—identifi ed by the fact that they entered a same-sex 
marriage—were signifi cantly shorter and lighter at birth than 
the general male population.7 Only a small minority of  gay 
Danish men enter same-sex marriage, so a replication study on 
a broader sample would be desirable. Still, this study points to 
prenatal biological factors as contributing to the differences in 
height and weight between gay and straight men.

With regard to females, the Danish study did not fi nd an 
overall correlation between birth length or weight and the likeli-
hood that a woman would enter a same-sex marriage. Nevertheless, 
heavy, short babies (a combination that is predictive of  being 
overweight or obese in adulthood) did have an increased likeli-
hood of  entering a same-sex marriage. This fi nding again sug-
gested a prenatal biological infl uence on female sexual orientation, 
although perhaps only for a subset of  females.
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Devendra Singh, of  the University of  Texas at Austin, has 
made a many-year study of  the waist-to-hip ratio of  men and 
women; this is the ratio of  the circumference of  the waist to the 
circumference of  the hips. Women have relatively wide hips 
and therefore typically have a lower waist–hip ratio than men. 
According to Singh and his colleagues, lesbians who identify 
as “butch” have a higher (more male-like) waist–hip ratio than 
do straight women, whereas lesbians who identify as “femme” 
have the same ratio as straight women.8 Because the waist–hip 
ratio rises if  people become overweight, this difference does 
not necessarily represent a constitutional difference between 
butch and femme lesbians: It could simply be that butch lesbians 
have less interest in dieting or maintaining a “feminine” profi le. 
Nevertheless, Singh’s group reported on several other indicators, 
such as higher testosterone levels, in butch lesbians (see Chapter 6), 
and they interpreted this constellation of sex-atypical traits as 
indicative of  sex-atypical prenatal development.

TRUNK AND LIMB LENGTH

Men have longer limbs, longer trunks, and wider shoulders that 
women, but these sex differences are not all in proportion. In 
men, the limbs are longer, in relationship to the dimensions of  
the trunk, than they are in women. Put another way, leg length 
forms a greater proportion of  total height, and arm length 
forms a greater proportion of  total arm span (the distance 
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between the fi ngertips of  the two hands when the arms are 
extended to the side), in men than in women.

Both limb and trunk length are strongly infl uenced by sex 
hormone levels during development; this infl uence involves a 
direct action of  testosterone and estrogen on the skeleton, as well 
as an indirect action whereby sex hormones infl uence the secre-
tion of  growth hormone from the pituitary gland. The extra 
growth of  the male limb bones occurs primarily before puberty, 
whereas the extra growth of  the male trunk occurs mainly after 
the onset of  puberty.9 Estrogen is responsible for the closure of  
the growth zones in the limb bones at puberty, in both males and 
females, and thus limits the fi nal length of  the limbs.

James Martin and Duc Huu Nguyen of  the Western 
University of  Health Sciences in Pomona, California, performed 
a detailed and fairly large anthropometric study of  gay and 
straight men and women; they measured about 100 subjects 
in each group.10 They found no differences in the dimensions 
of  the trunk between the straight and gay men, or between the 
straight and lesbian women. In other words, the sex dimorphism 
in trunk dimensions was just as marked for gay people as for 
straight people. They did, however, fi nd very marked differences 
in limb length: The limbs of  the gay men were signifi cantly 
shorter, in proportion to their trunk dimensions, than those of  
the straight men, whereas the limbs of  the lesbians were signifi -
cantly longer than those of  the straight women; in other words, 
both gay men and lesbians were shifted toward the opposite 
sex in these measures. The differences were more marked for the 



arms than the legs (Fig. 9.1). There were also differences in the 
length and shape of  the hands, again with the values for gay 
individuals shifted toward those typical for the opposite sex.

Martin and Nguyen interpret their fi ndings to mean that gay 
men had less exposure to sex steroids during development than 
did straight men, and that lesbians had greater exposure than 
did straight women. This conclusion is supported by animal 
studies. For example, administration of  testosterone to new-
born female rats (which shifts their sexual partner preference 
toward females) also increases the length of  their limb bones 
compared with untreated females.11

The differential limb growth between gay and straight 
individuals probably occurs during childhood, because that is 

Figure 9.1 Body proportions. This bar graph shows the ratio of  the 
length of  the arms (left and right arms combined) to height. 

Men generally have a higher ratio than women, but both gay men 
and lesbians have ratios that are shifted about one-third of  the 

way to the values for the opposite sex. Data from 
Martin and Nguyen, 2004.

0.775

0.78

0.785

0.79

0.795

0.8

Gay

Straight

FemaleMale

A
rm

s/
he

ig
ht

 r
at

io



T H E  B O DY  s  2 2 7

when the basic sex difference arises. The timing of  the postu-
lated differences in hormone exposure is less clear. It could be 
during childhood, or it could be during fetal life. In the latter 
case, it would exert a kind of  priming effect, probably by infl u-
encing the sensitivity of  the bones to sex hormones.

PENIS SIZE

When Alfred Kinsey and his colleagues conducted their famous 
sex surveys in the mid-20th century, they gathered data about 
the size of  their male subjects’ penises. The men were given 
instructions on how to measure the length and circumference 
of  their own penis at home. They were supposed to mail the 
answers back to the researchers, but less than half  of  them actually 
did so.

Kinsey himself  did not use these data to investigate whether 
there was any relationship between male sexual orientation 
and penis size, or at least did not publish any fi ndings on the 
topic. More recently, however, Tony Bogaert, along with Scott 
Hershberger of  California State University, Long Beach, mined 
Kinsey’s fi les for information on this question.12 Among the 
straight men, according to their analysis, the average reported 
length of  the erect penis (measured along the top surface 
from abdomen to tip) was 5.99 inches (15.21 cm). Among gay 
men it was 6.32 inches (16.05 cm), or one-third of  an inch 
(0.84 cm) longer. Comparable differences were found in erect 
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circumference and in fl accid length and circumferences: In all 
cases, gay men reported slightly larger measurements than 
straight men. 

The main strength of  the study was the large number of  
subjects: Complete data were available for more than 3,000 
straight men and more than 800 gay men. This ensured that all 
the size differences were highly signifi cant in statistical terms. 
There were also potential weaknesses, however:

Because the men reported their own measurements, there  •
was plenty of  room for inaccurate reporting: Perhaps gay 
men were more prone to exaggeration than straight men. 
Anyone who has read gay sex ads will acknowledge the legi-
timacy of  this concern.* And in a study that asked gay men 
to measure their partners’ penises on two separate occasions, 
the reproducibility of  the measurements from one test to the 
other was poor, illustrating the problem with entrusting the 
measurement to “amateurs.”13 
Even if  all the measurements were accurate, gay men  •
may have been more likely to mail in their data, or to take 
the measurements in the fi rst place, if  they had a larger-
than-average penis. The researchers did not consider this 
possibility, but it is a signifi cant one in view of  the low 
response rate.

* In a recent issue of  Frontiers in LA, a gay newsmagazine, the mean penis 

length of  20 advertisers was an implausible 8.37 inches (21.3 cm).
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Gay men may have been more sexually aroused, and thus had  •
a more extreme erection, when they took the measurements. 
After all, gay men are more aroused by the sight of  an erect 
penis than are straight men.14

Somewhat alleviating these concerns is the fact that a smaller 
1961 study by sexologist Kurt Freund, in which the researchers 
themselves measured their subjects’ penises, is said to have come 
up with a similar size difference in favor of  gay men.15 (I haven’t 
read the study, which was published in an obscure Czech-
language journal; it is cited by Bogaert and Hershberger.)

If  the fi nding of  a larger penis size in gay men is correct, what 
does it mean? Since prenatal and postnatal testosterone both pro-
mote development of  the penis, the most obvious interpretation 
would be that testosterone levels were higher in gay men than in 
straight men at some point of  pre- or postnatal development. 
This is, of  course, the opposite of  the usual hypothesis, which 
proposes that testosterone levels were lower during the gay men’s 
early development.

Bogaert and Hershberger suggest a couple of  possible expla-
nations for their paradoxical fi nding. One is that the usual pre-
natal peak in testosterone levels occurs earlier than usual in 
fetuses that become gay men, thus raising it during the most 
crucial early period for genital development but lowering it 
during the later period for brain development. The other sug-
gestion is that testosterone levels are in fact lower in pre-gay 
than in pre-straight fetuses, but that these low levels cause the 
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developing penis to increase its sensitivity to the hormone, so 
that when testosterone levels rise at birth or at puberty they 
cause the penis to grow more than usual.

It’s very unclear which of  these ideas is correct. Although 
Bogaert and Hershberger’s study does suggest a biological dif-
ference between gay and straight men, most likely involving 
testosterone levels during development, it needs to be replicated 
in a modern sample with objective measurement techniques 
before it can be given full credence.

SYMMETRY AND 
DEVELOPMENTAL INSTABILITY

Humans, like all vertebrates, are bilaterally symmetrical, but not 
perfectly so. The deviations from perfect left–right symmetry 
are of  two kinds. The fi rst occurs when the deviation from sym-
metry is in the same direction in most individuals. The best-
known example is the position of  the heart on the left side of  
the chest; many other internal organs are similarly asymmetric 
in location or shape. I’ll call this consistent-sided (CS) asymmetry. 
(It is often simply called “directional asymmetry.”)

Although most obvious in the viscera, there also tend to be 
small CS asymmetries in the rest of  the body, and these may be 
more marked in one sex than the other. For example, I mentioned 
in Chapter 8 a report that the right cerebral hemisphere is 2% 
larger than the left in heterosexual men, but that the two hemi-
spheres are the same size in heterosexual women.16
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The existence of  CS asymmetries in the body means that the 
developing embryo must somehow distinguish between its left 
side and its right side, in order to direct different developmental 
programs on the two sides. The discovery of  how the embryo 
accomplishes this fundamental task makes for a fascinating 
scientifi c detective story, which sadly is not relevant enough to 
retell here.17 With regard to CS asymmetries that differ between 
the sexes, however, differential exposure to sex hormones is 
thought (but not proven) to be the responsible factor.18

The other kind of  asymmetry involves deviations from per-
fect symmetry whose direction is unpredictable from individual 
to individual: Either the left or the right side may be more devel-
oped. I will call this random-sided (RS) asymmetry. (In the scientifi c 
literature it is usually called “fl uctuating asymmetry,” a phrase 
whose meaning may not be self-evident.) Any bilateral feature 
of  the body will show some degree of  RS asymmetry, if  it is 
measured precisely enough. That’s because development always 
encounters a certain amount of  “noise” or “jitter” that ensures 
slightly different outcomes on the two sides of  the body.

Some individuals show more RS asymmetry than others. 
This may happen because their genes were less able to correct 
for the “jitter” than were the genes of  most people, or because 
the jitter they encountered was more intense than usual, amount-
ing to a disruption or destabilization of  development. Specifi cally, 
the embryo, fetus, or child might have encountered an infection, 
fever, trauma, nutritional defi cit, toxin exposure, or other envi-
ronmental stressor that proved diffi cult to compensate for, 
resulting in asymmetry. Developmental instability is the catch-all 
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phrase used to refer to the range of  factors that can lead to high 
RS asymmetry, as well as to other effects.19

People (and animals) unconsciously check out the visible 
symmetry or asymmetry of  others when forming judgments of  
their attractiveness—the more symmetrical they are, the more 
attractive they are thought to be.20 According to evolutionary 
psychologists, this is a basic mechanism for assessing the quality 
of  a potential mate.21 The rationale for this is that individuals 
with high degrees of  RS asymmetry are liable to suffer from 
more physical and mental health problems than are more sym-
metrical individuals.22 Thus, in a sense, low RS asymmetry is 
“good” and high asymmetry is “bad.” Still, the levels of  RS 
asymmetry that are commonly encountered are probably not 
very signifi cant in any functional sense, at least in our present-
day culture.

Several research groups have looked into whether gay and 
straight people differ in terms of  how much RS asymmetry 
their bodies exhibit. The thought behind the research is this: 
If  gay people have greater RS asymmetry, that could be taken as 
an indication that they experienced some problem within the 
general category of  developmental instability. This problem, 
whatever it was, might have derailed the developmental program 
that usually leads to heterosexuality, leaving them predisposed 
to becoming gay.

Based on a variety of  limb and digit measurements, one 
research group (Patricia Hall and Catherine Schaeff  of  American 
University) has reported that both gay men and lesbians show 
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signifi cantly more RS asymmetry than their same-sex peers.23 
Hall and Schaeff  interpreted their fi ndings to suggest that 
developmental instability does play an important role in the 
development of  homosexuality. Several other studies, however, 
failed to detect any difference in RS asymmetry between gay 
and straight people.24

A problem with the measurement of  RS asymmetry is this: 
Many of  the anatomical features that are used for the measure-
ment of  RS asymmetry also display some degree of  CS asym-
metry (i.e., a consistent bias favoring the left or right side), and 
the direction and magnitude of  the CS asymmetry can vary 
between the sexes and between gay and straight people. (I men-
tioned the example of  the left and right cerebral hemispheres.) 
If  this CS asymmetry is not carefully assessed and removed from 
the data for each group of  subjects, the measure of  RS asym-
metry is likely to be incorrect. When James Martin, David Puts, 
and Marc Breedlove reanalyzed datasets from their own previ-
ously published studies, taking this issue into account, they 
found that gay men and lesbians actually show less RS asymme-
try than straight men or women.25 If  this fi nding is correct, one 
could argue that gay people actually experience less develop-
mental instability than do straight people, not more. Still, given 
that there are unresolved confl icts between the existing studies, 
we can be sure that the last word hasn’t been spoken on the issue 
of  RS asymmetry and sexual orientation.

In Chapter 5, I mentioned studies indicating that both gay 
men and lesbians are slightly more likely to be non–right-handed 
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(left-handed or mixed-handed) compared with straight men 
and women. Because the connections between the brain and the 
body are crossed, this suggests that the usual dominance of  the 
left cerebral hemisphere is not quite as marked in gay people as 
it is in straight people. Some researchers have taken this fi nding 
as a possible indicator of  developmental instability in gay people: 
Some genetic or environmental problem, according to this idea, 
might have disrupted the usual pathway to right-handedness, 
and this same problem might have disrupted the usual pathway 
to heterosexuality.26 There is no real reason to favor develop-
mental instability over other causal mechanisms, such as prenatal 
sex hormones, however.

Handedness is just one window on the lateralization of  
brain function, and several other such windows have been used 
to see if  the brains of  gay and straight people are organized in 
different ways. Tasks involving simultaneous presentation of  
two different syllables to the left and right ears (dichotic listening 
tasks) have been used to assess hemispheric specialization for 
language.27 Other studies have examined how symmetrically the 
two sides of  the brain process visual, auditory, spatial, and verbal 
information.28

In some of  these studies, the data for gay people resemble 
those for straight people of  the other sex, consistent with the 
idea that they experienced atypical levels of  sex hormones during 
early development. For example, Qazi Rahman and his colleagues 
reported that lesbians are shifted in a masculine direction in 
some aspects of  language lateralization.29 And the Swedish 
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study of  the connections of  the left and right amygdala, which 
I described in Chapter 8, pointed to sex-atypical functional 
organization of  this part of  the brain in both gay men and 
lesbians.30

The fi ndings of  different studies have not always been con-
sistent, however, and even the existence of  a basic sex difference 
in brain lateralization for language remains controversial after 
decades of  study.31 It does seem likely that there are gay/straight 
differences in the functional lateralization of  the brain, but the 
lessons to be learned from them will depend on a better under-
standing of  how they relate to underlying sex differences.

HAIR WHORL DIRECTION

Most people’s scalp hair features a whorl-like arrangement visible 
on the top of  the head. Viewed from above the head, the major-
ity of  hair whorls are clockwise in direction, but a minority 
of  people—about 1 in 10—have a counterclockwise whorl. In 
2003, a National Cancer Institute geneticist, Amar Klar, claimed 
that gay men have a greatly elevated rate of  counterclockwise 
whorls. Based on surreptitious observations of  men on a gay 
beach, he reported that 30% of  gay men have such a whorl—far 
higher than the rate among men he observed on a non-gay 
beach—and he tied this in to a hypothesis linking left-handed-
ness, counterclockwise hair whorls, and male homosexuality to a 
single gene that supposedly controls all these traits.32
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Given the enormous difference between the data for gay 
and straight men—the difference was signifi cant at p <0.0001, 
meaning that it had less than a 1 in 10,000  likelihood of  having 
arisen by chance—Klar’s study attracted considerable attention 
from the media and from psychologists. Yet, two subsequent 
studies, carried out with much greater scientifi c rigor, failed 
to observe any signifi cant difference in hair whorl directions 
between gay and straight men.33 Several studies found no 
correlation between hair whorl direction and handedness 
either. It seems that Klar’s data may have been distorted by sub-
jective bias; that is, by the fact that he knew which groups 
his subjects belonged to when he was assessing the direction 
of  their hair whorls. Statistical tests don’t identify problems of  
this kind.

GAYDAR

“Gaydar” is a colloquial expression for the ability to spot people 
who are gay without the benefi t of  any explicit information 
about their sexual orientation. To the extent that gaydar works, 
there must be something about the discernible characteristics 
of  gay men that distinguishes them from straight men, and 
something about lesbians that distinguishes them from straight 
women.

As many studies have shown, gaydar does work, although 
it is not infallible.34 And if  gaydar works, there must be a 
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corresponding “straight-dar,” but this skill isn’t usually of  much 
interest because almost everyone is straight. From a scientifi c 
point of  view, though, the interest is not so much in identifying 
either gay or straight people as in fi guring out the recognizable 
differences between them. This could throw light on the factors 
that infl uence the development of  sexual orientation. For pres-
ent purposes, then, I am mainly interested in what gaydar can 
tell us about the person observed, rather than what it can tell us 
about the observer, although the latter is an interesting issue in 
itself.35

I mentioned in Chapter 4 the study by Gerulf  Rieger 
and his colleagues, who showed observers short excerpts from 
home movies of  gay and straight people made when they were 
children.36 The observers, who were not told the subjects’ sexual 
orientation, rated the pre-gay boys as much more feminine than 
the pre-straight boys, and they rated the pre-lesbian girls as 
more masculine than the pre-straight girls. Because the videos 
had not been made with research in mind, their content was 
poorly controlled. Nevertheless, it appears that the judges 
depended both on the type of  activities that the children were 
engaged in as well as on ill-defi ned aspects of  the children’s 
demeanor—their “vibes,” to use a technical term. Whatever the 
exact cues, the pre-gay children were unconsciously “outing” 
themselves by virtue of  gender-atypical behavioral traits.

In the case of  adults, a variety of  cues, alone or in combina-
tion, can be used to assess a person’s sexual orientation. This 
was shown very clearly in a recent study by Rieger and his 
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colleagues.37 The Northwestern University group video-recorded 
interviews with gay and straight men and women (20–25 in 
each of  the four groups). From each interview, the researchers 
extracted a single 5- to 10-second clip, consisting of  the fi rst 
sentence the interviewee spoke in response to a question about 
his or her interests. The video was modifi ed so as to emphasize 
the interviewee’s body outline and deemphasize facial appear-
ance and other details. Raters (a mix of  gay and straight men 
and women) were presented with the video without the sound, 
the sound without the video, a written transcript of  the spoken 
sentence, a still photograph of  the standing interviewee, or the 
video combined with the sound. For each of  these except the 
written transcript, the raters discerned the interviewees’ sexual 
orientation at far above chance levels, and they did best with the 
combined video plus sound. This suggests that appearance (as 
seen in the still photo), body motion, and voice all carry inde-
pendent information about a person’s sexual orientation, and 
that this information can be picked up on with just a few sec-
onds’ observation. If  the Monell study mentioned in Chapter 8 
is correct, there are also discernible differences between the 
body odor of  gay and straight people—particularly between gay 
and straight men—so this would offer yet another sensory 
channel through which gaydar could operate.38

What exactly is communicated by these various cues that is 
informative about sexual orientation? To a considerable extent, 
it is gendered traits. Men who seem feminine and women who 
seem masculine are judged to be gay. Let’s look at examples of  
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research that illustrate this point. Psychologist Kerri Johnson 
(who is now at UCLA) and her colleagues have conducted 
studies of  walking style (gait).39 The researchers found, fi rst, 
that raters judged people’s sex primarily from body shape. 
“Hourglass-shaped” fi gures—those with a low waist–hip ratio—
were judged to be female, whereas “tubular” fi gures—those with 
roughly similar shoulder, waist, and hip dimensions—were 
judged to be male. Raters judged the masculinity–femininity of  
walking fi gures primarily from the relative motion of  the shoul-
ders and hips: The more marked the fi gures’ shoulder motion 
(“swagger”), the more masculine the fi gures were judged to be; 
the more marked their hip motion (“sway”), the more feminine 
they were judged to be. Computer-generated walking fi gures 
that had a male shape and moved with a swagger were judged to 
be straight men, whereas those that had a male shape but moved 
with a sway were judged to be gay men. Conversely, fi gures that 
had a female shape and moved with a sway were judged to be 
straight women, whereas those that had a female shape but 
moved with a swagger were judged to be lesbians.

When presented with video clips of  real gay and straight 
men and women walking on a treadmill—clips that had been 
simplifi ed so as to contain information about body shape 
and motion and little else—raters identifi ed the fi gures’ sexual 
orientation at well-above-chance levels, although certainly not 
with complete accuracy. Thus, it appears that the average person 
walks with enough of  a sex-typical or sex-atypical gait to offer 
a usable clue to his or her sexual orientation.
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In addition, the researchers found that body shape was used 
in judgments of  women’s (but not men’s) sexual orientation. 
A high waist–hip ratio raised the likelihood that a woman would 
be judged to be lesbian. This could relate to Devendra Singh’s 
report, mentioned earlier, that “butch” lesbians do in fact have 
higher waist–hip ratios than femme lesbians or straight women.

Rieger’s study also pointed to the conclusion that gendered 
traits are used to judge sexual orientation. In that study, raters 
were asked how masculine or feminine the persons in the video-
tapes seemed. There was a strong correlation between judgments 
of  sexual orientation and judgments of  masculinity–femininity, 
even though the judgments were made by separate groups of  
raters. The more feminine a male subject was judged to be, the 
more he was likely to be judged as gay, and vice versa for the 
women. In fact, the male subjects who were most consistently 
judged to be gay also judged themselves to be the most feminine, 
and vice versa for the women. This correlation certainly suggests 
that masculinity–femininity is the general characteristic used to 
decide on a person’s sexual orientation.

It’s not the case that every feature of  gay people’s behavior 
is sex-atypical, however. Just as with the psychological traits 
discussed in Chapter 5, gay people seem to be a patchwork of  
sex-atypical and sex-atypical elements, and gaydar seems to pick 
up on that. Take voice quality as an example. Something about 
the voice offers a cue to sexual orientation, because judgments 
based on voice quality are accurate at well above chance levels.40 
Still, raters do make many errors, mostly in the direction of  
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misidentifying gay people as straight.41 In other words, many 
gay people have “straight-sounding” voices, but not many 
straight people have “gay-sounding” voices.

A group led by linguist Ron Smyth of  the University of  
Toronto performed a detailed phonetic analysis of  a set of  
25 male voices chosen to represent a spectrum from the most 
straight-sounding to the most gay-sounding.42 They fi rst looked 
at the fundamental frequency of  the voice. This is the characteristic 
that most obviously differentiates men’s and women’s voices: 
Men’s voices are lower-pitched, thanks to the lengthening and 
thickening of  boys’ vocal cords at puberty. The researchers found 
that gay-sounding men’s voices were no different in fundamental 
frequency from straight-sounding voices.

Many other characteristics distinguish male and female 
voices, however, even before the difference in fundamental fre-
quency emerges at puberty, and even if  the frequency difference 
in adult voices is artifi cially eliminated. One difference is that 
women typically make the various vowel sounds more distinct 
from each other than men do. (In technical terms, they exhibit 
greater “vowel peripherality” or “vowel-space dispersion.”) 
Smyth’s group found that gay-sounding male voices were 
relatively female-like in this characteristic, and a similar fi nding 
was made by a group at Northwestern University led by Janet 
Pierrehumbert, who compared the voices of  randomly selected 
gay and straight people.43

Women tend to lengthen vowel sounds more than men do. 
Here again, Smyth’s group found that gay-sounding male voices 
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featured longer vowel sounds, although the differences were 
observed for some vowels and not others. Further examples of  
sex-atypical phonetic characteristics involved phenomena called 
voice onset time (the length of  time at the start of  a syllable 
before the vocal cords start vibrating: Women and gay-sounding 
men have longer onset times), sibilant frequency (the distribution 
of  frequencies in s- or z-like sounds: Women and gay-sounding 
men use a higher frequency distribution), and clear/dark “l” (the 
difference between the “l” in “leave” and “old”: Women and 
gay-sounding men more commonly employ a “clear l”).

Pierrehumbert’s group found much less evidence for sex-
atypicality in gay people’s voices than did Smyth and his col-
leagues. This was probably because Pierrehumbert compared 
unselected gay and straight people and did not test how recog-
nizably gay or straight their voices sounded; thus, many of  their 
gay subjects probably lacked gay-sounding voices.

Although we can conclude that gaydar works to a considerable 
extent by detecting sex-atypical behavioral traits, that leaves unre-
solved the question of  how these traits develop. Obviously, uncon-
scious imitation of  the other sex, or of  other gay people, could 
play a role in causing these behaviors to become sex-atypical. 
Imitation of  the other sex could occur either during childhood or 
adulthood, while imitation of  other gay people would more likely 
happen after a person joins a gay community.

Smyth’s group suggested that gay men’s speech develops by 
imitation because, fi rst, speech in general is acquired by imitation, 
and second, “gay” phonetic characteristics are those that are not 
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constrained by anatomy or physiology. (They don’t involve 
differences in fundamental frequency, for example, which is tied 
to the dimensions of  the vocal cords.)

Without denying the likelihood that imitation does play 
some role in gay people’s adoption of  sex-atypical behaviors, 
this may not be the whole story. With regard to the voice, the 
brain is a more important determinant of  many phonetic char-
acteristics than is the vocal tract. Although both men and women 
are physiologically capable of  adjusting the duration of  their 
vowel sounds, for example, the fact is that longer vowel sounds 
have been observed in German-, Swedish-, and English-speaking 
women than in male speakers of  the same languages,44 as if  the 
gender difference in this trait is driven by something that tran-
scends the acquisition of  a specifi c language.

Genes could play an important role in the development of  
the unconscious behaviors such as those that are detected by 
gaydar. Even trivial behavioral characteristics, such as how chil-
dren hold their hands, are remarkably similar between monozy-
gotic twins and remarkably different between dizygotic twins. 
Is that because monozygotic twins imitate each other and dizy-
gotic twins don’t? No, because when twins are separated very 
early in life and brought together in adulthood, the monozy-
gotic pairs show the same uncanny similarity in hand posture, 
while the dizygotic twins are as different from each other as 
ever.45 Yet, if  genes play such an important role in the deve-
lopment of  these unconscious behaviors, it means that these 
behaviors emerge from specifi c developmental programs in the 
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brain—programs that could easily differ between men and 
women and between gay and straight people.

Studies of  fl irting behavior make a similar point. The seem-
ingly trivial unconscious behaviors that people exhibit when they 
are fl irting—head turns, touching of  hair, and so on—differ 
between men and women, and these differences have been observed 
consistently across dozens of  cultures, both Western and non-
Western.46 This indicates the importance of  biological programs 
in the development of  unconscious gendered behaviors, and raises 
the real possibility that the atypicality of  these behaviors in some 
gay people arises, not through imitation, but because the underly-
ing biological programs are themselves sex-atypical.

Although I have focused on what gaydar tells us about the 
people observed, rather than what it tells us about the observers, 
there is one point about the observers that is worth making. We 
might intuitively suppose that gay people would have more 
accurate gaydars than straight people. After all, gay people have 
strong motivation and frequent opportunity to hone this skill. 
For straight people, on the other hand, the skill is largely irrel-
evant to their lives. Yet most studies—such as Rieger’s—have 
found only minor differences in the accuracy of  gay and straight 
people’s gaydar, and some—such as Smyth’s—have found none 
at all. And people, gay or straight, demonstrate their good gaydar 
skills with exposure to just a brief  and highly reduced specimen 
of  speech or movement.

If  gaydar were based on the recognition of  characteristics that 
are unique to gay people, this uniformly high performance level 
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would defy explanation. But it isn’t. Rather, gaydar appears to 
involve the detection of  ordinary gendered traits, by and large—
traits that distinguish men and women and that are important to 
anyone’s life as a social being. What turns “gendar” into gaydar, 
for the most part, is simply the mismatch between some of these 
discernible gendered traits and a person’s physical sex. 

OVERVIEW

In this chapter, I’ve reviewed studies that focus on the bodies of  
gay and straight people. I described studies that looked for differ-
ences in stature and body proportions, penis size, and hair whorl 
direction, and other studies that looked for differences in bodily 
symmetry. Finally, I surveyed studies on the basis of  gaydar—
what clues to their sexual orientation gay (and straight) people 
give off in the course of ordinary, unconscious behaviors. The 
results of many of these studies suggest that gay people are gender-
atypical in subtle aspects of  their anatomy and behavior.

Because of  the lack of  consistency between studies, some 
caution is obviously called for interpreting these reports. There 
are contradictory studies on whether gay people exhibit more 
random-direction asymmetry than straight people, for example. 
The initial report on hair whorl direction was followed by two 
failures to confi rm it. The single study on penis length actually 
found gay men to be “hypermasculine” rather than gender-
atypical in this trait. And even studies that reported robust shifts 
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in a gender-atypical direction did so only for some of  the mea-
sured traits, not all.

Even so, the studies described in this chapter do bolster the 
conclusions from previous studies, providing more indications 
that early development follows somewhat different pathways in 
gay and straight people, probably because of  differences in levels 
of  sex hormones or in the response of  the brain or body to 
those hormones. The reported anatomical differences in height, 
limb/trunk proportions, fi nger-length ratios (described in 
Chapter 6), and size of  the cerebral hemispheres (Chapter 8), 
as well as the behavioral differences in voice quality and gait 
that are detected by gaydar, all tend to support this model. In 
contrast, the studies offer little support for an alternative 
biological theory—the idea that weak genes or prenatal environ-
mental stressors (“developmental instability”) are the cause of  
homosexuality.

I will postpone a more detailed review of these issues until the 
fi nal chapter of  the book. Before that, however, I need to describe 
a set of  studies that point to a fairly novel factor that seems to 
infl uence sexual orientation, in men at least: birth order.
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According to Ray Blanchard and his colleagues, gay men 
have more older brothers, on average, than do straight 

men.1 This apparent infl uence of  older brothers on the sexual 
orientation of  later-born boys is biological rather than social in 
nature, the Canadian researchers believe. They hypothesize that 
the infl uence of  one boy on another is not a direct one but is 
mediated by their mother—more specifi cally, by their mother’s 
immune system.

The idea that being a later-born member of  a family predis-
poses men to homosexuality was put forward by psychiatrists 
at London’s Maudsley Hospital—Eliot Slater and (separately) 
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The Older-Brother Effect
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Edward Hare* and Pat Moran—in the 1960s and 1970s.2 
But the real heavy lifting in this area has been done by Canadians 
Ray Blanchard, Kenneth Zucker, Tony Bogaert, and various col-
leagues. Since the early 1990s, they have published at least 25 
papers on the topic, many of  them being replications of  the 
basic fi nding in a wide variety of  subject groups.

One way to represent a person’s birth order position is by use 
of  an index devised by Slater, which is the number of  the person’s 
older siblings divided by the person’s total siblings. Thus, a fi rst-
born child has a Slater’s Index of  0 and a last-born child has an 
index of  1. My own index, as the second of  fi ve children, is 
1 divided by 4, which equals 0.25. The Toronto group has found 
in study after study that the average Slater’s Index is slightly 
higher for samples of  gay men than it is for straight men. The 
data for seven such studies are shown in Figure 10.1.

If  gay men have a higher (later-born) Slater’s Index than 
straight men, this could be for any of  four reasons: They could 
have more older brothers, more older sisters, fewer younger 
brothers, or fewer younger sisters. As shown in Figure 10.2, an 
analysis of  Blanchard’s data showed that all four of  these pos-
sibilities were true: Gay men had signifi cantly more older broth-
ers and sisters than did straight men, as well as signifi cantly 
fewer younger brothers and sisters.

* Edward Hare was stepfather to myself  and my four brothers. From 

oldest to youngest our sexual orientations are gay, gay, straight, straight, and 

straight—a sequence that’s at odds with his theory.



This doesn’t mean that all four of  these factors played a 
causal role in the men’s homosexuality. If, for example, it is only 
older brothers that play a causal role, gay men will of  course 
have more older brothers than straight men, but they will also 
tend to have more older sisters. The older sisters will “come 
along for the ride,” because it takes time to produce older broth-
ers, and girls may also be born during that time. Similarly, they 
will tend to have fewer younger brothers and sisters, simply 
because having older brothers increases the likelihood that they 
will be late-born in their families.

Figure 10.1 Birth order and sexual orientation. The bar graphs show the 
average Slater’s Index for gay and straight men for seven samples 

studied by Blanchard and colleagues. An index of  0 would 
represent a fi rst-born child; an index of  1 would represent 

a last-born child. Single children are excluded because 
they cannot be represented by this index. In all samples, 
gay men are later-born (on average) than straight men. 

From Blanchard, 2001.
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The Toronto group used a statistical technique called logistic 
regression to sort out which of  the four factors was playing a 
causal role and which were “coming along for the ride.” The 
results indicated that only the number of  older brothers infl u-
enced the men’s sexual orientation. The differences in the num-
bers of  older sisters, younger brothers, and younger sisters were 
all secondary consequences of  the increased number of  older 
brothers. Thus, Blanchard calls this infl uence the “fraternal birth 
order effect,” and it is often simply called the older-brother effect.

Figure 10.2 The numbers of  the four kinds of  siblings of  homosexual 
and heterosexual men. These data represent the unweighted averages of  
14 samples, taken from studies by Blanchard’s group, that collectively 

included about 3,000 gay men and 7,000 straight men. (“Unweighted” 
means that each sample was treated equally regardless of  the number of  

men in each sample, which varied greatly.) From Blanchard, 2004.
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HOW WELL-ESTABLISHED IS THE 
OLDER-BROTHER EFFECT?

Blanchard, Bogaert, and their colleagues have reported observ-
ing the older-brother effect in (by my count) 12 studies, some 
of  which dealt with more than one group of  subjects. Four of  
the studies were based on data collected long ago by Alfred 
Kinsey, psychoanalyst Irving Bieber, sexologist Alan Bell, and 
psychologist Marvin Siegelman.3 Six of  the studies were based 
on groups of  North American volunteers recruited by the inves-
tigators.4 One was based on a multinational sample recruited 
through the Internet.5 One study was based on two national 
random-sample surveys—potentially the most accurate kind of  
study.6 In another national random-sample survey, which 
involved British subjects, Bogaert failed to observe an older-
brother effect.7 He attributed this failure to insuffi ciently pre-
cise information about the subjects’ birth order and siblings.

In addition to these studies on gay men, the Canadian 
researchers have reported an older-brother effect for other, 
potentially related groups. These included gay male adolescents 
and feminine (probably pre-gay) boys,8 androphilic (“homo-
sexual”) male-to-female transexuals,9 and male sex offenders 
whose victims were adult, pubescent, or prepubescent males.10 
In each case, these males had more older brothers than compa-
rable gynephilic males—for example, male sex offenders whose 
victims were female.
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The results of  studies by other researchers have not been in 
complete accord with the fi ndings of  the Toronto group. In a 
Northwestern University study led by Gene Schwartz, which 
recruited about 1,700 gay and straight male subjects, a signifi -
cant older-brother effect was found. In addition to having an 
excess of  older brothers, however, the gay men also had an excess 
of  older and younger sisters.11 According to a logistic regression 
analysis, the younger sisters, and possibly the older sisters as 
well, had an infl uence that was independent of  the number of  
older brothers. A British study led by Michael King obtained 
similar results to the Northwestern study, except that it was the 
older sisters rather than the younger sisters who infl uenced the 
men’s sexual orientation independently of  the older brothers.12

Two Italian studies, led by Andrea Camperio Ciani of  the 
University of  Padua, did get results similar to the Canadian 
studies: Gay men were later-born, and this was due entirely to 
an excess of  older brothers.13 In London, Qazi Rahman per-
formed two studies that assessed the older-brother effect in 
fairly small samples. In one study, he saw a robust effect,14 while 
in the other, the effect was equivocal: The gay men did not 
have a greater average number of  older brothers, but they were 
more likely to have at least one older brother.15 Rahman did not 
present data on sisters. Doug VanderLaan and Paul Vasey 
reported that Samoan fa’afafi ne (homosexual men, many of  
whom are markedly feminine—see Chapter 7) have excess older 
brothers compared with other male Samoans, but they have 
excess older sisters too, and the older sisters had an infl uence 
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that was independent of  the older-brother effect.16 On the 
basis of  their most recent analysis, VanderLaan and Vasey con-
clude that two factors are associated with an increased likeli-
hood of  homosexuality among Samoan men: an older-brother 
effect of  the kind proposed by Blanchard, as well as a general 
effect of  large family size.17

Particularly surprising are the negative results from two very 
large, apparently well-designed studies. Danish researchers 
started with all the 2 million Danes who were born in a certain 
three-decade time span.18 They compared the family data of  
3,500 persons who entered into homosexual marriages with 
those of  nearly half  a million persons who entered into hetero-
sexual marriages—gay and straight people respectively, one may 
presume. The gay men did not have an excess of  older brothers, 
but they did have an excess of  older sisters. Of  course, men 
who entered same-sex marriages may not have been typical of  
all gay Danish men. Interestingly, the women who entered into 
same-sex marriages had signifi cantly fewer older sisters than 
women who entered heterosexual marriages, suggesting that 
older sisters decrease the likelihood that their younger sisters will 
be lesbian.

The other study, by economist Andrew Francis of  Emory 
University, used data from the National Longitudinal Study of  
Adolescent Health,19 which has followed about 10,000 American 
teenagers through to their early 20s. Francis found that men 
with a single older brother were no more likely to be gay than 
men with no older brothers. Men with multiple older brothers 
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were slightly more likely to be gay, but the effect didn’t reach 
statistical signifi cance, perhaps on account of  the small numbers 
of  men in the study with multiple older brothers. 

Richard Green studied a large group of  male-to-female 
transexuals.20 He confi rmed Blanchard’s fi nding that androphilic 
transexuals have more older brothers than gynephilic transexu-
als, but he maintained that his data undercut the theoretical 
explanation that Blanchard has put forward to explain the older-
brother effect, as we’ll see later.

My take on the entire collection of  studies is that gay men do 
have signifi cantly more older brothers, on average, than straight 
men. If  this were not the case, some systematic error would have 
to have biased the Canadians’ many studies and the positive fi nd-
ings of  several other researchers. No one has been able to pinpoint 
such an error. That some studies have failed to detect an older-
brother effect may result from methodological issues, atypical 
samples, or pure chance. (Blanchard has spelled out what he con-
siders the weaknesses of  some of the negative studies.21)

It is not quite so clear that older sisters and younger siblings 
have no effect on men’s sexual orientation. Most of  the research 
suggests that they don’t, but a few studies do seem to show a 
positive infl uence of  older sisters that is independent of  the 
older-brother effect, and not every one of  Blanchard and 
Bogaert’s studies, considered singly, rules out such an infl uence. 
If  having older sisters does increase the chances that boys become 
gay, it is likely to be a weaker effect that the effect of older brothers. 
Still, to the extent than an older-sister effect exists, it suggests 
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that being late-born in a family, or simply being born into a 
large family, may be as important as having older brothers in 
predisposing boys to homosexuality.

HOW STRONG IS THE 
OLDER-BROTHER EFFECT?

The Toronto researchers have put a great deal of  effort into 
quantifying the older-brother effect. They have assessed the 
strength of  the effect in two complementary ways. First they 
have asked: By how much does having an older brother increase 
the likelihood that a man will be gay? Second, they have calcu-
lated the percentage of  all gay men who owe their sexual orienta-
tion to the older-brother effect—a measure that provides an 
estimate of  the importance of  the older-brother effect in 
relation to all the other potential factors that may predispose 
men to homosexuality.

According to Blanchard and Bogaert, the effect of  older 
brothers on the sexual orientation of  their younger brothers is 
linear. Compared with having no older brothers, each older 
brother increases the likelihood that a man will be gay by the 
same fi xed percentage, which they have estimated at 33%.22 The 
results of  some large-scale studies, however, suggest that the 
effect may be nonlinear. One such study, by Gene Schwartz and 
colleagues, found that the fi rst and second older brothers have 
only small effects, but that the effect grows rapidly stronger 
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with three or more older brothers.23 Francis’s study, which found 
no effect of  one older brother but a trend toward an effect with 
multiple older brothers, also raises the possibility of  a nonlinear 
effect.24

Let’s stay with Blanchard’s linear model and the 33% 
estimate, however. This is a sizable infl uence of  an older brother. 
It is much larger, for example, than the effect of  older brothers 
on gendered traits in childhood, as discussed in Chapter 4.

Looked at another way, however, it’s quite a modest effect. 
According to estimates from Blanchard’s group, the rate of  
homosexuality among men with no older brothers is 2%.25 
Thus, having one older brother will raise the likelihood of  being 
gay to less than 3%, and having two brothers will raise it to less 
than 4%. It will take more than ten older brothers to give a man 
a better-than-even chance of  being gay by the older-brother 
effect, but families with 11 or more boys almost never crop up. 
It’s still very possible that some men with just one or two older 
brothers are gay on account of  the older-brother effect, but 
some other factor would have to be acting in concert with that 
effect: either another cause of  homosexuality, or just a hefty 
dose of  good luck.

Blanchard and Bogaert (along with James Cantor and Andrew 
Peterson) borrowed statistical techniques from medical epi-
demiology to estimate the percentage of  all gay men who owe 
their sexual orientation to the older-brother effect.26 The fi gure 
they came up with was 15%, or about one in seven gay men. 
In a more recent study, using different samples and methods, 
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Blanchard and Bogaert increased this fi gure to 29%, meaning 
that between one-quarter and one-third of  all gay men owe their 
sexual orientation to their older brothers.27

Taken literally, this claim can hardly be correct, at least for 
contemporary samples of  young gay men, because well under 
29% of  such men have any older brothers.28 The claim also 
seems to imply that for every gay man there is one cause for his 
homosexuality, and only one. There is no reason to accept this 
idea, however, rather than the alternative idea that fraternal birth 
order and other factors such as genes can add together or inter-
act in a man’s psychosexual development. Thus, I interpret 
Blanchard and Bogaert’s statement that 29% of  gay men owe 
their homosexuality to their older brothers simply as a fi gure of  
speech intended to convey some idea of  the magnitude of  the 
older-brother effect in relation to all factors that infl uence men’s 
sexual orientation.

There’s another problematic aspect of  these fi gures, which 
has to do with historical trends in family size. Since the early 
19th century, the average number of  children born to American 
women has dropped from seven (for White women) or eight 
(for Black women) to barely more than two today.29 This drop 
is part of  a global phenomenon known as the demographic transi-
tion. Thus, most American men used to have older brothers, and 
many had several.† Today, on the other hand, few young men 

† Many of  these older brothers died early in life, but this fact is irrelevant 

to Blanchard’s theory of  the older-brother effect, as we’ll see.
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have even one. If, even in today’s brother-poor society, the older-
brother effect is responsible for producing 29% of  the gay men 
in the United States, then the overall rate of  male homosexuality 
should have been much higher two centuries ago than it is 
now. The same should be true for contemporary societies that 
have not yet undergone the demographic transition to small 
family size.

Bogaert has discussed this issue.30 He believes that the rate 
of  male homosexuality in the U.S. has indeed declined—he 
points to a 10% estimate made by UCLA psychiatrist Judd 
Marmor in 1980,31 and compares it with the 2%–3% fi gure 
coming from a national random-sample survey published in 
1994.32 Yet this apparent decline in less than two decades is far 
too precipitous either to be credible in itself  or to mesh with the 
slow decline in family size over the last two centuries. We don’t 
know the rate of  male homosexuality early in the 19th century, 
but it seems unlikely that it was much higher than it is today. 
Fred Whitam’s studies, mentioned in Chapter 1, suggest that 
the rate of  (urban) homosexuality is similar in the Philippines 
and Guatamala to what it is in the United States, even though 
family size is smaller in the United States.33 

Thus, the older-brother effect, if  it is as strong as Blanchard 
and his colleagues maintain, implies that the rate of  homosexu-
ality, and particularly the numbers of  men who are gay on 
account of  their older brothers, should change signifi cantly 
across time or between cultures. So far, such changes haven’t 
been well documented. It might be worth investigating this issue 
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by comparing different ethnic groups in the United States. 
Hispanic-Americans, for example, have more siblings than other 
groups,34 and Hispanic-American men (but not women) are 
slightly more likely than men of  other ethnicities to experience 
same-sex attraction and to identify as gay.35 It would be interest-
ing to study whether these differences are linked through the 
older-brother effect.

THE OLDER-BROTHER EFFECT 
AND HANDEDNESS

In three studies, Blanchard’s group have reported a rather sur-
prising fi nding: The older-brother effect only applies to right-
handed gay men; gay men who are mixed- or left-handed do not 
have any excess of  older brothers.36 In a very large Internet-
based study, Blanchard and Lippa reached a similar conclusion, 
although their data provided only moderately strong evidence in 
favor of  it, in spite of  the large numbers.37

The reason this fi nding is surprising is that, as described in 
Chapter 5, gay men in general are slightly left-shifted in handed-
ness compared with straight men. Thus, both being non–right-
handed and having older brothers are factors that, considered 
individually, increase the likelihood that a man will be gay. 
Putting these two factors together in the same man might be 
expected to increase the likelihood of  his being gay even further. 
But in fact they have no such effect. Instead, the two factors 
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seem to cancel each other out: Non–right-handed men with 
older brothers are no more likely to be gay than are men who 
lack either of  these predisposing factors. I’ll consider why this 
might be at the end of  the chapter.

WHAT CAUSES THE 
OLDER-BROTHER EFFECT?

Why should having an older brother increase a boy’s likelihood 
of  growing up gay? The explanations that most readily come to 
mind are social ones. These require that there is something about 
the experience of  growing up with an older brother that helps 
drive a boy down a path toward homosexuality. For example, 
parents might (consciously or unconsciously) guide their oldest 
son toward heterosexuality but give later-born sons free rein to 
be different. Younger sons might become gay as part of  a general 
tendency toward rebelliousness or openness to experience.38 
Younger sons might even become gay because of  the opportu-
nity for sexual interactions with an older brother. (Not that the 
evidence actually supports any of  these ideas.)

The fi ndings of  a 2006 study by Tony Bogaert appear to 
have ruled out all social explanations of  this kind.39 Bogaert 
recruited about 950 gay and straight men (index subjects), many 
of  whom had been brought up in nonstandard families (i.e., 
they had adopted brothers or step-brothers, or they were adopted 
themselves). It turned out that only older brothers who had the 
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same biological mother as the index subjects increased the like-
lihood that the index subjects would be gay. Adoptive brothers, 
step-brothers, and half-brothers who had only the father in 
common had no such effect. What’s more, the infl uence of  bio-
logical older brothers existed even if  those brothers never actu-
ally lived with the index subjects (because the index subjects 
were adopted out of  the birth family, for example).

Given the crucial importance of  this study to the interpreta-
tion of  the older-brother effect, it needs to be replicated by other 
investigators. As it stands, however, it points strongly away from 
social explanations and toward biological ones operating before 
birth—specifi cally, to an infl uence exerted on male fetuses by 
mothers who previously had at least one male child.

Blanchard, Bogaert, and their colleagues have proposed that 
it is the mother’s immune system that “remembers” the earlier 
pregnancy and exerts an infl uence on subsequent male fetuses.40 
In their maternal-immunity model, women who are pregnant 
with males may be exposed to certain antigens (molecules capable 
of  stimulating an immune response) that are possessed by male 
but not by female fetuses. The exposure may happen during the 
pregnancy or because of  leakage of  fetal cells into the mother’s 
circulation at the time of  birth.

The mother may develop antibodies against those male-specifi c 
antigens. If  so, when her immune system encounters those 
antigens again—during a later pregnancy with another male 
fetus—her antibodies bind to the antigens and block their 
function. If  the usual action of  those antigens is to guide brain 
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development in a male-typical direction, the fetus might there-
fore end up less stereotypically masculine than other boys, 
and this might include a tendency toward homosexuality. With 
each successive pregnancy with a male fetus, the likelihood 
and strength of  such an immunological reaction will increase, 
heightening the likelihood that the fetus will develop into a 
gay man.

The male-specifi c antigens that are thought to be involved 
are histocompatibility antigens (antigens that provoke immune reac-
tions when tissue is grafted from one person to another). More 
specifi cally, they are “minor histocompatibility antigens” that 
are coded by genes on the Y chromosome, a chromosome that 
is possessed only by males. Thus, they are often referred to 
simply as H-Y antigens. They include a number of  different mol-
ecules with quite diverse functions. Molecules coded by genes 
on other chromosomes could also be involved, so long as those 
genes are expressed (active) only in males.

In evaluating this model, it’s important to remember that 
every fetus, no matter whether it is male or female, is immuno-
logically foreign to its mother. That’s because half  its genes 
come from its father, who is usually unrelated to the mother. 
There exists a specifi c mechanism that causes the mother’s 
immune system to “tolerate” her fetus rather than reject it, and 
this mechanism should, in principle, prevent any response to the 
H-Y antigens possessed by a male fetus.

Nevertheless, immunological reactions to fetal antigens can 
occur. The best-known example is Rh disease. Rh (or rhesus 
factor) is a cell-surface antigen possessed by some individuals. 
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Rh disease may occur if  the mother is Rh-negative and she 
becomes sensitized to an Rh-positive fetus: The sensitization is 
usually caused by fetal bleeding into the maternal circulation 
during the birth process. During a subsequent pregnancy with 
a second Rh-positive fetus, her anti-Rh antibodies attack the 
fetus’s red blood cells, causing a potentially fatal anemia. 
Blanchard suggests that something analogous happens to cause 
the older-brother effect.

The maternal-immunity hypothesis neatly explains why (in 
most of  the Toronto researchers’ data, at least) only males exert 
the effect, and why only males are sensitive to it. It also explains 
why the older-brother effect becomes stronger with increasing 
numbers of  older brothers, and why older brothers exert an effect 
even if  they don’t actually live with their younger brothers.

Another relevant fi nding has to do with birth weight. Several 
studies have reported that children with older brothers have a 
lower birth weight than children with older sisters. According 
to Blanchard’s group, it is only later-born boys, not girls, who 
are subject to this effect.41 What’s more, they reported that 
gay men with older brothers had an even lower birth weight 
than did straight men with older brothers. Blanchard and col-
leagues interpret these fi ndings in the following way. Usually, 
the anti-male antibodies generated during the fi rst pregnancy 
are fairly weak: They reduce the birth weight of  later-born boys 
somewhat, but don’t affect their sexuality. Occasionally the 
anti-male antibodies are stronger, in which case they reduce the 
weight of  later-born boys more, and also predispose them to 
homosexuality.
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Somewhat undermining this interpretation are the fi ndings 
of  a recent and far larger Danish study, which found that older 
brothers reduce the birth weight of  later-born girls as well as 
boys, although not to the same extent.42 The Danish researchers 
do believe in the anti-H-Y mechanism, however: They suppose 
that the effect on girls results from a kind of  innocent-bystander 
effect that is technically called “determinant spreading.”

The Danes made another intriguing observation: If  a 
woman’s two sons were fathered by different men, the second 
son did not show the expected reduction in birth weight. 
This, the researchers surmise, was because the second son’s 
paternal antigens were different from the fi rst son’s, and there-
fore were not recognized by the mother’s antibodies. With 
a large enough sample, it might be possible to assess whether 
switching fathers also prevents homosexuality in a woman’s 
later-born sons.

Another study of  newborns, published in 1979, may be rel-
evant to the older-brother effect. Eleanor Maccoby (of  Stanford 
University) and colleagues reported that later-born boys have 
lower testosterone levels at birth than do fi rst-born sons.43 The 
effect was particularly marked for sons born soon after their 
older siblings. This difference is in the expected direction to 
increase the likelihood of  homosexuality in these later-born 
boys. The researchers did not report that male older siblings had 
any greater infl uence on the later-born boys’ testosterone levels 
than female older siblings, however, which would have been a key 
fi nding supportive of  the maternal-immunity hypothesis.
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Richard Green pointed out a different potential problem 
with the maternal-immunity hypothesis.44 In his study of  
transexuals, he confi rmed the older-brother effect, as mentioned 
earlier: Androphilic male-to-female transexuals had more older 
brothers than did gynephilic transexuals. But the androphilic 
transexuals with older brothers were not necessarily the last-
born males in their families. What about those males who were 
born even later? Green identifi ed 22 such men, and found that 
21 of  them were heterosexual and one was bisexual. None was 
homosexual. If  the maternal-immunity theory was right, Green 
reasoned, at least some of  these males should have become gay 
men or androphilic transexuals, but they didn’t.

Actually, Green’s observation is not fatal to the maternal-
immunity hypothesis, but it does constrain the hypothesis some-
what. We can think about it this way: We know that most boys 
with older brothers don’t become gay. This could either be 
because most mothers don’t generate anti-male antibodies, or 
because most boys are unaffected by those antibodies. If  the 
former case were true, Green’s observation would be a real prob-
lem, because the few mothers who generate the antibodies 
should exercise the same infl uence on the sexual orientation of  
all their later-born sons, and they evidently don’t. If, on the 
other hand, all mothers generate antibodies to male fetuses but 
most fetuses are unaffected by them, there would be no particu-
lar reason to expect large numbers of  those late-born sons to 
follow their gay brothers toward homosexuality, so Green’s 
observation would be not be a show-stopper. Thus, if  Green’s 
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observation is found to be generally true, it suggests that some 
intrinsic characteristic of  the fetus itself  is the crucial factor 
affecting whether maternal anti-male antibodies will predispose 
it to homosexuality or not. This characteristic could be a certain 
gene, for example.

In summary, the maternal-immunity hypothesis offers a cred-
ible biological explanation for the older-brother effect, but it 
lacks direct supportive evidence. It is known that women who 
have been pregnant with boys have an immunological memory of  
exposure to H-Y antigens, and that this memory lasts for many 
years.45 But do the mothers of  later-born gay men differ immu-
nologically from women whose sons are all straight? And do 
antibodies or cells in the blood of  these women actually have the 
capacity to push a male fetus down the path toward homosexuality? 
Studies relating to these questions have not been reported.

Let me give an example of  the kind of  direct experiment that 
can be done. In 2009, researchers at Johns Hopkins Medical 
School published a study on the cause of  autism.46 They had 
formed the hypothesis that autism results from maternal anti-
bodies that interfere with fetal brain development. They there-
fore purifi ed antibodies from mothers of  autistic children and 
from mothers of  nonautistic children, and administered the 
antibodies to pregnant mice. Later, they tested the behavior of  
the adult mice that were born of  those pregnancies. The mice 
that had been exposed to the antibodies from the mothers of  
autistic children showed autistic-like behavior, and their brains 
showed signs of  having been subject to immunological attack, 
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whereas the mice that had been exposed to antibodies from the 
mothers of  healthy children showed no unusual behavior or 
brain pathology. Thus, the experimental fi ndings supported the 
researchers’ original hypothesis.

I know little about autism and have no idea whether this 
study represents an authentic breakthrough in our understand-
ing of  the condition. My point is simply that no comparable 
studies have been done to investigate the basis of  Blanchard’s 
older-brother effect as a cause of  homosexuality. Without such 
studies, the maternal-immunity hypothesis remains an intrigu-
ing but speculative hypothesis.

IS  THE OLDER-BROTHER 
EFFECT ADAPTIVE?

In Chapter 7, I discussed Edward Miller’s ideas about how genes 
predisposing to male homosexuality might be maintained in the 
population in spite of  the negative effect of  being gay on a man’s 
reproductive success.47 Briefl y, Miller suggested that there are a 
number of  feminizing genes circulating in the population. Each of  
these genes, acting independently, has no effect on a man’s sexual 
orientation but enhances his attractiveness to women and thus 
increases his reproductive success. When all the genes happen to 
be present in the same man, however, they cause him to be gay. 
The positive reproductive effect of  these feminizing genes in 
heterosexual men outweighs their negative effect in gay men.
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In the same paper, Miller proposed an analogous explana-
tion for the older-brother effect. Miller noted that competition 
among offspring for resources lowers their reproductive success 
and thus reduces the benefi t to a female of  having multiple off-
spring in the fi rst place. Diversifi cation among offspring reduces 
competition for resources, however, and thus enhances the 
mother’s reproductive success. (In fact, this may be part of  the 
reason why sexual reproduction is preferred over asexual repro-
duction by so many species. Sexual reproduction produces 
genetically diverse offspring, whereas asexual reproduction pro-
duces genetically identical clones.) Miller suggested that the 
maternal-immunity phenomenon has evolved because it slightly 
feminizes most of  a woman’s later-born sons, thus altering their 
personalities in ways that make them less likely to compete with 
their older brothers. That the process occasionally produces gay 
sons is, in this model, simply an accidental by-product—a sort 
of  “too much of  a good thing” phenomenon. The adaptive 
value of  the mechanism is expressed in the greater total number 
of  grandchildren a woman may have as a result of  it.

Miller’s explanation is, of  course, speculative, and it does not 
have a great deal of  supportive evidence. In fact, there is some 
evidence to the contrary. Qazi Rahman wanted to know whether 
there was a detectable feminizing infl uence of  older brothers on 
gendered traits other than sexual orientation—something that 
would be predicted both by Miller’s explanation and by Blanchard 
and Bogaert’s basic model for how the older-brother effect works. 
In a sample of  gay and straight men, he confi rmed both the 
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older-brother effect (more of  the gay men had older brothers) 
and a broad femininity of  the gay men (they scored lower on the 
male-favoring mental rotation test, and they were shifted in the 
feminine direction on a test of  masculinity–femininity). But 
there was absolutely no tendency for men with older brothers—
whether gay or straight—to score in a more feminine direction 
on these tests than men without older brothers.48 Bogaert has 
made a similar observation, although limited to childhood femi-
ninity and not cognitive skills such as mental rotation.49

This is a puzzling result, and it needs to be confi rmed. But 
taken at face value it suggests that, if  the maternal-immunity 
mechanism is the explanation for the older-brother effect, it 
does not work by broadly feminizing the brain development of  
later-born sons. It could work by some other effect that acts 
more specifi cally on sexual orientation. If  so, there would seem 
to be alternative developmental pathways leading toward male 
homosexuality: one leading to a combination of  homosexuality 
and a broader gender-nonconformity, and the other (operative 
in gay men who have older brothers) that predisposes to homo-
sexuality but not to other gender-nonconformist traits.

Earlier, I mentioned the fi nding that both being non–right-
handed and having older brothers are associated with an increased 
likelihood of  homosexuality, but not if  both factors are present 
in the same person. This also suggests that more than one devel-
opmental mechanism may lead to homosexuality in men, and 
furthermore that they may do so in a mutually antagonistic 
fashion. Blanchard and his colleagues have proposed a specifi c 
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model for how this might work.50 A certain level of  testosterone 
in male fetuses is associated with a heterosexual outcome, they 
propose, and levels both above and below that level predispose 
to homosexuality. Non–right-handedness, they suggest, is asso-
ciated with higher-than-average testosterone levels, whereas 
having older brothers is associated with lower-than-average 
levels. Thus, both factors, operating singly, predispose to homo-
sexuality, but when present together, fetal testosterone levels end 
up in the average range that leads to heterosexuality.

I don’t think that this particular mechanism is correct, for 
two reasons. First, there is little reason to believe that non–right-
handedness is associated with high fetal testosterone levels. (If  it 
was, straight men should be left-shifted with respect to straight 
women, but as discussed in Chapter 5, they don’t seem to be. The 
“sex difference” in handedness is due entirely to the left-shifted 
handedness of  gay men, according to Richard Lippa’s data.51) 
Second, if  gay men with older brothers had lower-than-usual 
testosterone levels, they should be shifted toward femininity in 
other traits, but they are not, according to Rahman’s study just 
described. Still, Blanchard’s data do seem to call for more than 
one developmental pathway leading toward homosexuality. I will 
take up this issue again in the next chapter.
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Sexual orientation is an aspect of  gender that emerges from 
the prenatal sexual differentiation of  the brain. Whether a 

person ends up gay or straight depends in large part on how this 
process of  biological differentiation goes forward, with the lead 
actors being genes, sex hormones, and the brain systems that are 
infl uenced by them. 

The biological perspective on sexual orientation stands in 
marked contrast to traditional beliefs, which have remained 
largely silent on the origin of  heterosexuality while ascribing 
homosexuality to family dynamics, learning, early sexual experi-
ences, or free choice. As I discussed in Chapter 2, there is no 
actual evidence to support any of  those ideas, although we 
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cannot completely rule out that they play some role. In my view, 
differences of  opinion on this score often result from differ-
ences in what we mean by sexual orientation. Biological factors 
give us a sexual orientation in the sense of  a disposition or 
capacity to experience sexual attraction to one sex or the 
other, or to both. Other factors infl uence what we do with those 
feelings.

Two theories that invoke environmental factors in the devel-
opment of  sexual orientation merit special consideration because 
they intersect with biology in interesting ways. Günter Dörner’s 
prenatal stress theory (Chapter 6) emerged from research in rats: 
Prenatal stress has been reported to alter the timing of  the pre-
natal testosterone surge in male rat fetuses, leading to “demascu-
linization” of  the brain and to atypical sexual behavior in 
adulthood. These animal studies offer a theoretical background 
for investigating the effect of  prenatal stress in humans. Yet, care-
fully controlled studies have not been able to document any such 
effect in men. Apparently, human mothers and human fetuses are 
resistant to this kind of  stress effect.

The other interesting idea is Daryl Bem’s proposal that 
genes predispose to childhood gender-nonconformity, and that 
interactions with peers are what propel the gender-nonconform-
ist child toward homosexuality in adulthood. There is no 
evidence, however, that modifying peer interactions affects 
the likelihood that a gender-nonconformist child will grow up 
gay. Again, then, Bem’s “exotic becomes erotic” theory lacks 
empirical support.
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SEXUAL ORIENTATION IS LINKED TO 
OTHER GENDERED TRAITS

If  one idea does have empirical support, it is that homosexuality 
is part of  a package of  gender-atypical traits. Some characteris-
tics of  the bodies and minds of  gay men are shifted in a female 
direction compared with straight men, and some characteristics 
of  the bodies and minds of  lesbians and bisexual women are 
shifted in a male direction compared with straight women.

It’s important to stress that these shifts are (for the most 
part) only shifts and not complete gender reversals, and they 
don’t affect every gendered trait. Gay men don’t have women’s 
bodies, otherwise they would be women. Nor do they have wom-
en’s minds, otherwise they would be transexuals. Similarly, lesbi-
ans don’t have the bodies or minds of  men. What is impressive 
is not so much the size of  these gender shifts but their number 
and variety. Here is a quick synopsis of  some of  the reported 
fi ndings that I have described earlier in this book:

The body. •  The ratio of  limb length to trunk length—a sexu-
ally differentiated trait—is shifted in a sex-atypical direction 
in both gay men and lesbians. Digit-length ratios are gender-
shifted in lesbian and bisexual women, and possibly in gay 
men too. Some lesbians are sex-atypical in their waist-to-hip 
ratios. Both gay men and lesbians are gender-shifted in 
aspects of  body function that are recognized by “gaydar,” 
including gait and voice quality.
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The brain • . Gay men are gender-shifted in the size of  INAH3, 
the sexually dimorphic cell group in a region of  the hypo-
thalamus concerned with male-typical sexual behavior. They 
are also gender-shifted in terms of  the relative sizes of  the 
left and right cerebral hemispheres. Both gay men and lesbi-
ans are gender shifted in their brain responses to compounds 
thought to be sex pheromones and in the functional con-
nectivity of  their amygdalas. Lesbians and bisexual women 
are gender shifted in their auditory physiology, both at the 
level of  the cochlea and in their central auditory pathways.
Childhood characteristics • . Pre-gay children are gender-nonconformist 
in a variety of  traits including physical aggressiveness, 
engagement in rough-and-tumble play and sports, prefer-
ence for the company of  same- or opposite-sex peers, 
interests, and the unconscious behaviors that allow raters 
to judge them as gender-nonconformist from home videos.
Cognitive traits • . Gay men and lesbians are gender-shifted in a 
variety of  male-favoring visuospatial traits such as mental 
rotation, targeting, and navigation, as well as female-favoring 
tasks such as verbal fl uency (both sexes) and object location 
memory (gay men only).
Personality • . Gay men consider themselves less masculine, and 
lesbians consider themselves less feminine than do straight 
men and women. Both gay men and lesbians have gender-
shifted occupational preferences. Gender shifts have also been 
reported in physical aggressiveness, instrumentality, empathy, 
expressiveness, and aesthetic/technological interests.
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Gay people remain gender-typical in a variety of  traits, espe-
cially those related to sexuality, such as their interest in casual 
sex. With regard to gay men, a very few shifts have been reported 
that seem to be in the opposite direction of  those just described, 
with gay men shifted in a “hypermasculine” direction. These 
traits are penis size (gay men’s penises reported to be larger than 
straight men’s, based on a single study), auditory evoked poten-
tials (again, a single study), and handedness. Considering a large 
penis to be a hypermasculine trait may be somewhat misleading, 
however: That idea depends on the assumption that a woman’s 
clitoris is developmentally equivalent to a small penis, which is 
not really true. (Most of  the tissue that develops into the shaft 
of  the male penis forms the labia minora, not the clitoris, in 
women.) And believing that gay men’s left-shifted handedness is 
a “hypermasculine” trait depends on the assumption that men 
in general are left-shifted with respect to women but, as men-
tioned in Chapter 5, the excess left-handedness in men may be 
contributed by gay men themselves. Thus, the evidence for 
hypermasculine traits in gay men (or hyperfeminine traits in 
lesbians) is very thin.

A COMMON ORIGIN 
FOR GENDER-SHIFTED TRAITS?

To understand why gay people are gender-shifted in so many 
and such diverse traits besides their sexual orientation, it makes 
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sense to look to the processes that are responsible for differences 
between men and women in general. Chief  among these is the 
hormonally mediated sexual differentiation of  the body and 
brain.

In humans, testosterone is the major hormone responsible 
for sexual differentiation during early development. Before 
focusing on this hormone, however, it’s worth recalling that 
other factors play contributory roles, as discussed in Chapter 3. 
The testicular antimüllerian hormone (AMH) prevents develop-
ment of  the female reproductive tract in males, and (in mice) is 
responsible for at least one sex difference in behavior—the 
greater degree of  exploratory behavior shown by males. Another 
factor is the internal chromosomal sex of  brain cells (XX or 
XY): This contributes to the sex difference in aggressive behav-
ior (in mice, again). It is quite possible that future research will 
uncover more ways in which these and other “minor” factors 
infl uence the sexual differentiation of  the brain, perhaps includ-
ing brain systems responsible for sexual feeling and behaviors.

The central role of  testosterone, however, has been amply 
demonstrated in nonhuman animals by experiments in which 
this hormone has been administered or its action blocked, in 
fetuses or newborn animals. When present at high levels (during 
early and mid-pregnancy in humans), it drives development in a 
male direction; when present at low levels during that same time 
span, it permits development to proceed in a female direction. 
Although testosterone can be converted into estrogen within the 
human brain by the aromatase enzyme, suggesting some role for 
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estrogen in male brain development that remains to be identi-
fi ed, observations on males who are insensitive to estrogen or 
who lack the aromatase enzyme have not pin-pointed any effects 
of  estrogen on male-typical psychosexual development or gender 
identity. 

To judge from the animal experiments described in Chapter 3, 
testosterone exerts organizing effects on brain systems that con-
tribute to a wide variety of gendered traits, including sexual behav-
iors and sexual partner preference. The same seems to be true in 
humans, according to observations on persons with congenital 
adrenal hyperplasia (CAH) and other conditions that affect fetal 
androgen levels or sensitivity to androgens (Chapter 6). 

Thus, the most parsimonious biological explanation for the 
development of  sexual orientation is this: If  testosterone levels 
during a critical prenatal period are high, the brain is organized 
in such a way that the person is predisposed to become typically 
masculine in a variety of  gendered traits, including sexual attrac-
tion to females. If  testosterone levels are low during that same 
period, the brain is organized in such a way that the person is 
predisposed to become typically feminine in gendered traits, 
including sexual attraction to males. Bisexuality might result 
from intermediate levels of  testosterone, although there is little 
direct evidence bearing on this.

A closely related alternative hypothesis is that there is 
no difference between pre-gay and pre-straight fetuses in the 
actual circulating levels of  testosterone, but that their brains 
respond to testosterone in different ways, due to differences in 
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the receptors or other molecules that are involved in translating 
the hormonal signal into actual neuronal architecture. Thus, the 
same level of  testosterone might drive brain development strongly 
in a male direction in a “pre-straight” male fetus but less so in a 
“pre-gay” male fetus, and vice-versa for female fetuses.

We do not have defi nitive information that would allow us to 
choose between these two models. Because they are so closely 
related, I lump them together into a “prenatal hormonal” model 
for the development of  sexual orientation. However, some of  the 
gendered traits associated with sexual orientation (such as limb-
to-trunk ratios) involve the body rather than the brain. Thus, if  
we wish to identify a single “decision point” in the development 
of  sexual orientation, we should look to elements that are 
common to the development of  the body and the brain, not to a 
specifi cally brain-related element. Actual testosterone levels, or 
the receptor mechanisms that respond to them, seem better can-
didates in that regard than, say, differences in brain-specifi c 
growth factors, neurotransmitter mechanisms, or the like.

Probably most sex researchers believe at this point that a 
prenatal hormonal mechanism of  this kind is operative. 
Otherwise, it is too diffi cult to explain the association of  sexual 
orientation with all the other gendered traits that I’ve listed. 
However, there remains considerable uncertainty about the 
strength of  the effect—whether, in other words, these prenatal 
hormonal factors decide whether a person will experience sexual 
attraction to males or females, or whether they rather provide a 
predisposition that can be modifi ed by other factors, such as 
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parenting and life experiences. Because the evidence for these 
other factors seems so weak, I am inclined to place most of  the 
developmental control in the hands of  prenatal hormones. 
However, I do acknowledge that certain observations—such as 
the fact that CAH women are only partially shifted in the direc-
tion of  homosexuality—could be interpreted to mean that 
other factors play important roles. 

THE ROLE OF GENES

The prenatal hormone theory is not an ultimate explanation of  
how people become straight or gay, because it leaves unexplained 
how hormone levels might come to differ between two fetuses 
of  the same sex. There are many ways in which this could happen, 
but one likely possibility is that genes help set these levels.

The family and twin studies discussed in Chapter 7 provide 
evidence that genetic differences between individuals account 
for a substantial fraction of  the differences in sexual orientation 
that are observed in the population. Estimates of  the heritabil-
ity of  homosexuality have been quite variable but range around 
30%–50% for both sexes, which is similar to heritability esti-
mates for many other psychological traits.1

The twin studies, especially the Finnish study discussed in 
Chapter 7, suggest that a common set of  genes predisposes both 
to gender-nonconformist characteristics in childhood and to 
homosexuality in adulthood.2 If  so, it is likely that these genes 
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work through the hormonal pathway, because childhood gen-
dered characteristics seem to be strongly infl uenced by prenatal 
hormones (Chapters 4 and 6).

Working on this assumption, Dean Hamer and others 
looked for differences in the genes that code for two key hor-
mone-related molecules, the androgen receptor and aromatase, 
but drew a blank (see Chapter 7). However, a very large number 
of  genes are involved one way or another in the interaction 
between sex hormones and their target tissues. These include 
genes for enzymes in the synthesis and metabolism of  the hor-
mones; genes for carrier proteins, several kinds of  receptors, 
co-activators, and co-repressors; and the many genes whose 
activity is regulated by sex hormones. And, given the evidence 
for the involvement of  the neurotransmitter γ-aminobutyric 
acid (GABA) in the sexual differentiation of  the hypothalamus,3 
this introduces another collection of  genes—those involved 
in GABA transmission—as possible contributors to the herita-
bility of  sexual orientation. Thus, there is every reason to test 
for the involvement of  other candidate genes, especially if  the 
genome-wide scans continue to yield equivocal results.

In general, few major genes have been identifi ed in the fi eld 
of  behavioral genetics; most heritable psychological traits seem 
to be infl uenced by multiple genes, each of  modest effect. This 
could well be true for sexual orientation too. If  so, different 
individuals might carry different complements of  “gay genes” 
and thus exhibit different “kinds” of  homosexuality. For exam-
ple, one gay person might carry genes that infl uence limb-trunk 
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length in addition to sexual orientation, another person might 
only have psychological gender-shifted traits and not bodily 
ones, and yet another person might be gay but lack other gender-
shifted traits altogether.

DOES THE OLDER-BROTHER EFFECT 
WORK THROUGH PRENATAL 

HORMONES?

In the previous chapter, I discussed the work of  Blanchard, 
Bogaert, and their colleagues, who showed that having older 
brothers increases the chances that a man will be gay. Those 
authors have presented evidence that the older-brother effect is 
biological rather than social in nature. They propose that it 
involves immunization of  the mother against male-specifi c anti-
gens during an initial pregnancy with a male fetus, and an effect 
of  this immunization on the development of  a later male fetus.

The question is, does this immunological process work by 
lowering testosterone levels in the later male fetuses? Blanchard 
and his colleagues suggest that it does.4 I would be happy to 
believe that, except for the observation by Rahman that older 
brothers have no effect on childhood gender characteristics or 
mental rotation.5 This issue merits further research, but at this 
point it seems that the older-brother effect does not cause the 
broad gender shift that would be expected if  it lowered fetal 
testosterone levels. It may therefore work through some other 
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mechanism involving a more specifi c effect on the brain cir-
cuitry that is responsible for sexual orientation.

IS  THERE A RANDOM BIOLOGICAL 
INFLUENCE?

In Chapter 3, I mentioned the idea that random biological 
processes can infl uence psychosexual development. The example 
I cited was the “uterine proximity effect” in rodents: Female fetuses 
that happen to be located next to males pick up testosterone from 
those males and are partially masculinized in their sexual behavior 
as a result. Actually, many developmental processes are “probabi-
listic” or “stochastic” in nature, meaning that the results are not 
rigidly specifi ed but are subject to random variability or “noise.”

Perhaps the strongest clue that probabilistic processes infl u-
ence sexual orientation comes from monozygotic twins. If  one 
such twin is gay, there are roughly even odds that the co-twin 
will be gay or straight. How can this be the case if  the twins 
possess the same genome, developed in the same uterus at the 
same time, and experienced very similar rearing conditions? 
If  one believes that early sexual experiences determine sexual 
orientation, these experiences might differ between the twins. 
One twin might have been sexually molested and the other not, 
for example. However, the evidence speaks against an infl uence 
of  molestation or sexual experiences in general on sexual orien-
tation, as discussed in Chapter 2.
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Lynn Hall (of  New York University School of  Medicine) 
and Craig Love (of  Brown University) performed a study that 
may throw light on this issue.6 They examined the fi nger-length 
ratios (2D:4D) of  seven pairs of  monozygotic female twins in 
which each pair was discordant for sexual orientation: one woman 
in each pair was lesbian, the other was straight. They found that, 
in each pair, the 2D:4D ratio of  the lesbian twin was lower (i.e., 
male-shifted) in comparison with the straight twin. In another 
study, Hall identifi ed another consistent anatomical difference 
between discordant female twin pairs—a lower total number of  
ridges in their fi ngerprints.7 In both studies, pairs of  concordant 
twins (both lesbian) showed no differences of  this kind. 

Given the small numbers of  subjects, these studies need to 
be replicated. Nevertheless, they suggest that, when female 
monozygotic twins are discordant for sexual orientation, the les-
bian twin has experienced higher levels of  testosterone prena-
tally than her heterosexual sister. In other words, the same 
biological factor (prenatal testosterone levels) appears to guide 
the development of  sexual orientation in discordant twins as it 
does in gay and straight people generally, but in the case of  these 
twins there is no ultimate cause, such as genetic differences. 
Rather, it is as if  a biological coin has been tossed. Quite likely, 
such coin-tossing occurs during the development of  singletons 
too. To the extent that this may be the case, we should not expect 
to identify a specifi c cause behind every individual’s sexual ori-
entation, beyond a general attribution to the prenatal hormonal 
mechanisms that I’ve been discussing.
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HOW DOES SEXUAL ORIENTATION 
BECOME CATEGORICAL?

Most gendered traits are dimensional. An individual’s verbal 
fl uency score, for example, can lie anywhere along a broad spec-
trum, although women tend to outscore men. Sexual orienta-
tion, on the other hand, is categorical, in men at least: There is 
a bimodal (two-peaked) distribution of  sexual orientations, 
with a large cluster of  men who are entirely or mostly straight, 
a smaller cluster of  men who are entirely or mostly gay, and few 
men who experience roughly equal attraction to the two sexes. 
Although the distribution of  women’s sexual orientations is not 
obviously bimodal, nevertheless there are many women who say 
that they are exclusively attracted to one sex or the other.

One could imagine that the categorical nature of  male sexual 
orientation results from an entirely deterministic process of  
development. For example, there might be a gay gene and a 
straight gene, and possession of  one or the other drives an indi-
vidual to a sexual orientation at one or other end of  the Kinsey 
scale. That would be a delightfully simple model, but it doesn’t 
seem very likely to be correct, at least for the population as a 
whole. For one thing, the intermediate factors, such as prenatal 
testosterone levels, probably vary continuously. There’s no evi-
dence for two sets of  male fetuses with completely distinct, 
non-overlapping testosterone levels. Also, if  male sexual orien-
tation were rigidly determined in this way, we would expect 
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much tighter correlations with other gendered traits than are 
actually observed.

It is more likely that some developmental process takes a 
broad spread of  individual trajectories and forces them into just 
two channels, one leading to heterosexuality and one leading to 
homosexuality. For example, male fetuses whose prenatal testos-
terone levels are above some threshold value are steered down 
the “straight” channel, and those whose testosterone levels are 
below that threshold are steered down the “gay” channel. Thus, 
two fetuses whose testosterone levels are quite similar (but on 
different sides of  the threshold) may end up with radically dif-
ferent sexual orientations.

This model implies that something must be keeping the chan-
nels separate—a developmental wall or ridge, if  you like. What 
could that correspond to in biological terms? One possibility 
is that it involves mutual inhibition between neural centers or 
circuits responsible for sexual attraction to males and to females. 
Mutual (reciprocal) inhibition produces an unstable, winner-take-
all situation and thus leads to a black-or-white outcome, even 
when the input signals are every shade of  gray. If  a mutual inhib-
itory mechanism is at work, it seems to be less strongly active in 
females than in males. Some observations in rats suggest that there 
might indeed be a sex difference of  this kind, because inhibitory 
processes in several sex-related regions of  the hypothalamus are 
stronger in male rats than in females.8

Mutual inhibition might operate only during development, 
so as to set up a single dominant channel in any particular 
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individual, while the other channel simply withers away and 
ceases to exist. This could be part of  the reason why organiza-
tional effects of  hormones are limited to a certain period of  
development.

Alternatively, the mutual inhibition might continue to 
operate—perhaps in an attenuated fashion—throughout life. 
This latter idea is more compatible with the observation that, 
under certain circumstances, sexual partner preference can 
change. In Chapter 8, I mentioned two examples of  this from 
animal studies: In adult female mice, destruction of  the vome-
ronasal organ uncovers an entire suite of  male-typical sexual 
behaviors, including mounting of  females, that the animals did 
not previously show,9 and in adult male ferrets and rats, destruc-
tion of  the medial preoptic area (including SND-POA) changes 
their partner preference from female to male.10

Although sexual orientation usually remains stable in humans, 
I have mentioned that homosexual feelings can sometimes emerge 
spontaneously in previously heterosexual women, as well as in 
previously heterosexual men who undergo hormone treatments 
or castration, or who experience brain damage. Thus, there are 
suggestions that brain circuitry capable of  mediating sexual 
attraction to the nonpreferred sex does exist in adult animals and 
humans, but is functionally disabled by inhibition from brain 
centers concerned with attraction to the preferred sex.

If  such a mutual inhibitory loop does operate, its neuronal 
basis remains to be identifi ed. Even so, it is tempting to specu-
late that INAH3 (and SDN-POA in rats) is one element of  the 



C O N C L U S I O N S  s  2 8 7

loop, namely the source of  inhibition exerted by the male-
typical channel on the female-typical channel. That’s because 
SDN-POA is rich in cells that are sensitive to testosterone and 
that use the inhibitory transmitter GABA.11 The observation 
that damage to this region in male rats and ferrets changes the 
animals’ partner preference, as mentioned earlier, is also consis-
tent with the idea. Still, there are other brain regions that are 
also candidates to play this role: one is the medial portion of  
the amygdala, which (in rodents) helps create a preference for 
opposite-sex partners12 and also contains many neurons that use 
GABA as a transmitter.13

Where the other elements of  this hypothetical control 
system are located is unknown, but several other regions of  the 
hypothalamus are actively involved in the regulation of  male and 
female sexuality; these include regions in the medial preoptic 
area near INAH3, as well as a region further back in the hypo-
thalamus known as the ventromedial nucleus.

DIVERSITY AMONG GAY PEOPLE

Throughout much of  this book, I have been content to break 
down the population into two classes, “gay” and “straight,” with 
an occasional nod to “bisexual.” That’s because, for the most 
part, subjects have been recruited into research studies on the 
basis of  simple questions that lead to this kind of  grouping. 
Yet, there is also evidence for considerable diversity within the 
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categories of  “gay male” and “lesbian.” Here are some of  the 
main lines of  evidence:

Gay people have, to a varying extent, used terminology like  •
“butch/femme” and “top/bottom” to designate types of  
lesbians and gay men who differ in gendered traits or in their 
preferred sexual behaviors.
In many of  the quantitative studies reviewed in this book,  •
the scores of  gay men and lesbians are not merely gender-
shifted with respect to their straight counterparts, but are 
also more spread out, as if  gay men and lesbians do not form 
monolithic blocs to the same extent that straight men or 
straight women do.
Pre-gay boys who are markedly feminine are more likely to  •
be “bottoms” in adulthood than are more conventionally 
gendered boys. Pre-gay girls who are markedly masculine are 
more likely to be “butch” in adulthood. 
When two brothers are gay, they are likely to share a similar  •
childhood history of  femininity or more conventional 
masculinity, as if  they both belong to the same “type” of  gay 
men. If  the brothers are both gay because they have inherited 
the same “gay genes,” then there should be different kinds of  
gay genes that lead to different kinds of  gay people.
Butch and femme lesbians have been reported to differ in  •
terms of  two anatomical measures—2D:4D ratios and 
waist–hip ratios—and perhaps in terms of  testosterone 
levels in adulthood. 
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Although these fi ndings hint at the existence of  at least two 
biological pathways that can lead to homosexuality—one 
accompanied by a broader gender-nonconformity and one less 
so—it’s important to stress that the data in this area are very 
limited. It has not been demonstrated that there is a specifi c 
class of  gay people who are conventionally gendered on all the 
various tests and measurements that I’ve discussed in this book, 
and another class who are gender-shifted on all of  them. It could 
equally be that all gay people have some gender-atypical traits, 
but few have the entire package. In fact, some of  the data, such 
as Rahman’s fi ndings on verbal fl uency plotted in Figure 5.2, 
indicate a gender-shift so complete that it must affect the great 
majority of  gay people. Gender-nonconformity, whether mea-
sured in cognitive or personality dimensions, is not the province 
of  some atypical minority of  lesbians and gay men.

There is one study that points to a special kind of  diversity 
among straight people. This is the taxometric analysis by Steven 
Gangestad and colleagues (Chapter 1), which concluded that a 
signifi cant minority of  straight people share a predisposing 
factor with gay people of  the same sex. Given the way that 
the analysis was set up, it seems likely that this predisposing 
factor is one that predicts gender-nonconformity in childhood 
and/or in adulthood. Perhaps this relates to Edward Miller’s 
hypothesis, discussed in Chapter 7, that male homosexuality 
results from inheriting a set of  several “feminizing” genes. 
If  that hypothesis is correct, the straight men who share a predis-
posing factor with gay men might be those who have inherited 
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some of  those feminizing genes, but not enough of  them to 
make them gay.

CHANGES IN THE PREVALENCE AND 
NATURE OF HOMOSEXUALITY

People often assume that, if  the prevalence or nature of  a trait 
like homosexuality varies across cultures, or across history in the 
same culture, then that trait must be a cultural phenomenon. 
Biological factors are assumed to be a fi xed attribute of  human 
populations that could not contribute to such diversity in space 
or time. In reality, however, biological factors may be closely 
involved.

I have already discussed one such example in Chapter 10, 
with respect to the older-brother effect. The demographic tran-
sition has led to a dramatic reduction in family size over the last 
two centuries, such that men with older brothers—the majority 
of  all men in the early 19th century—are an endangered species 
today. Thus, the number of  gay men who owe their homosexual-
ity to the older-brother effect should have declined markedly, 
at least in those countries that have undergone the demographic 
transition.

There is another possible effect of  the demographic transi-
tion on homosexuality. I discussed in Chapter 7 the “fertile 
female” hypothesis, which states that genes predisposing to male 
homosexuality increase the fecundity (number of  children) of  
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gay men’s female relatives, and this increase in female fecundity 
is what keeps gay genes in the population. Yet, before the demo-
graphic transition, women were pregnant so often that they 
didn’t have a great deal of  spare reproductive capacity, and this 
would have limited the positive effect of  “gay genes” on their 
fecundity. Now the situation is quite different—most women 
could have half  a dozen more children than they actually give 
birth to, and those extra children would almost certainly survive, 
so there is a great deal of  room for genes to increase their repro-
ductive success. Thus, to the extent that the fertile female 
hypothesis is correct, genes for male homosexuality should have 
become more prevalent in the population over the last two cen-
turies. And, if  it should be the case that the older-brother effect 
and the “fertile female” genes predispose to different kinds of  
male homosexuality (accompanied by different levels of  gender-
nonconformity, for example), then the overall “quality” of  male 
homosexuality might have changed perceptibly over the past 
two centuries—all thanks to an interaction between a cultural 
process, the demographic transition, with human biology.

Social and biological changes over an even longer term may 
have infl uenced the prevalence of  homosexuality. Economic his-
torians such as Oded Galor (of  Brown University) and Gregory 
Clark (of  the University of  California, Davis) have argued that 
human nature changed over the course of  the long “Malthusian 
era” between the agrarian revolution (which took place about 
10,000 years ago) and the Industrial Revolution (which started 
in the 18th century). During this time, social factors promoted 
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the reproductive success of  people who were less violence-prone 
and more disposed to care for their children.14 The spread of  
“feminizing” genes could well be the mechanism that accom-
plished this change. If  Edward Miller’s theory of  gay genes, 
discussed in Chapter 7, is correct, the increasing prevalence of  
these genes would in turn have increased the prevalence of  male 
homosexuality.

SEXUAL ORIENTATION AND GENDER: 
THE SOCIAL FALLOUT

I have discussed the social implications of  a biological perspec-
tive on sexual orientation in an earlier book,15 and I will not 
attempt another review of  this topic here. There is one facet of  
the science that deserves comment from a social perspective, 
however. This is the idea that sexual orientation is linked with a 
broader collection of  gendered traits. Does this concept stigma-
tize gay people, by reinforcing stereotypes of  “mannish” lesbi-
ans and “queeny” gay men?

Children who are gender-nonconformist do tend to suffer 
for it, not merely during childhood itself,16 but also years later. 
According to Katarina Alanko and her colleagues, when such 
children reach adulthood they are at increased risk of  psychiatric 
problems, such as anxiety and depression, and this is true for 
both boys and girls and regardless of  whether they end up gay or 
straight.17 Gender-nonconformity in adulthood can also lead to 
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stigmatization and resulting psychological distress, but gay men 
suffer more distress than do lesbians, according to a study by 
Michael Bailey’s group18—perhaps because any masculine traits 
that lesbian or bisexual women may exhibit are more socially 
acceptable or advantageous than feminine traits in gay men.

Whether gender-nonconformist children experience psy-
chological problems is strongly affected by how they are treated. 
When parents have cold or controlling attitudes toward these 
children, the chances of  psychological distress in adulthood are 
greatly increased, but if  a warm parent–child relationship is 
established, the likelihood of  such distress in adulthood is 
reduced.19 No doubt the same is true for relationships with sib-
lings, peers, teachers, and society in general.

Some critics, such as social psychologist Peter Hegarty of  the 
University of  Surrey in England, have taken the position that 
research into the relationship between gender-nonconformity 
(especially during childhood) and homosexuality tends to 
“medicalize” gay people, as well as gender-nonconformist 
children, and thus perhaps increases their risk of  suffering psy-
chological problems.20 The fact that “gender identity disorder of  
childhood” is a diagnosable medical condition may worsen the 
situation by labeling these children as having a disorder.

Still, there may be practical advantages to keeping the diag-
nosis. This is how Richard Pillard put it to me some years ago: 
“If  these same kids grew up in a culture that had a place for 
them, they would not be in confl ict or distress, and no diagnosis 
would be relevant. That said, these children are still suffering 
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and can benefi t from sensitive treatment. And having a diagnosis 
allows the psychiatrist to get paid.”

Kenneth Zucker, who treats many gender-dysphoric children, 
takes a more interventionist position. He believes that if  such 
children are caught early enough, they can and should be steered 
toward an acceptance of  their birth sex, no matter how strong 
their desire to change it. This point of  view is controversial.21

There have always been gay men who resent any attempt to 
identify a connection between male homosexuality and gender-
nonconformist traits. Benedict Friedländer, co-founder of  a 
German gay-rights organization in the early years of  the 20th 
century, asserted that Magnus Hirschfeld’s biological approach 
reduced homosexuality to a mental disorder. He wrote:

As long as the love for a male being is presented as a specifi c 

and exclusively feminine characteristic . . .  there remains an 

unavoidable image of  a partial hermaphrodite, that is, a kind 

of  psychic malformation. Here too one cannot claim respect, 

but only at most beg for pity and at best tolerance.22

Here’s a more recent example. In 2009, Sergio Garcia, an 
18-year-old gay male high-school senior at Fairfax High School 
in Los Angeles, ran successfully for prom queen against several 
female candidates.23 His action elicited this comment from gay 
playwright Vincent James Arcuri:

[B]ecause Garcia is gay, that places him in the feminine role? Are 

we expected to accept and align “gay” with “girl”? . . . [C]rowning 

this young man as the prom “queen” only conveys the wrong 
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message, one that accepts and perpetuates an archaic stereotype 

of homosexuality and reinforces an inaccurate portrayal of gay 

men as feminine, girlie caricatures.24

Gay men may adopt this point of  view because they themselves 
are not particularly feminine and thus see no truth behind the 
stereotype, or because they are all too feminine, having struggled 
all their life to present a more masculine image to the world. 
Arcuri, for example, underwent speech therapy to modify his 
voice, which he says transitioned at puberty from that of  a “girl” 
to that of  a “raging homosexual.”25 Femiphobia—the dislike or 
fear of  femininity in a man—is a potent force in our society, 
and when internalized by gay men it may be more destructive 
even than homophobia.26

In my opinion, the fi nding that gay and straight people tend 
to differ in a wide variety of  sex-differentiated traits offers a 
valuable insight into the origins of  sexual orientation, and thus 
helps us understand this important facet of  human diversity. 
No approach that ignores this reality is going to advance our 
understanding.

What’s more, the kaleidoscopic blend of  gender-variant and 
gender-typical traits that characterizes gay people is exactly what 
enables us to make our own unique contributions to society. It’s 
the reason that we should be valued, celebrated, and welcomed 
into society rather than merely being tolerated. The aim should 
be to foster acceptance of  gay people as we are, in all our rich 
diversity, and not to seek acceptance by shoe-horning ourselves 
into conformity with the straight majority.
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2D:4D ratio The length of  the index fi nger divided by the length of  the 
ring fi nger.

activational effect The functional activation during postnatal life of  a 
brain system whose basic organization has been established earlier in 
development.

age-stratifi ed relationship A sexual relationship characterized by a sub-
stantial age difference between the partners.

amygdala A group of  nuclei in the temporal lobe of  the brain, involved 
in the processing of  emotion, sexuality, and social functions.

androgen insensitivity syndrome (AIS) A congenital condition in 
which the androgen receptor is nonfunctional, causing affected XY 
fetuses to develop with the outward appearance of  females.

G L O S S A RY
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androgens Sex hormones, such as testosterone, that tend to drive devel-
opment in a male direction.

androphilic Sexually attracted to men.
anterior commissure A small band of  fi bers that interconnects the 

temporal lobes of  the left and right cerebral hemispheres. It crosses 
the midline in the region of  the anterior hypothalamus.

antibody A molecular components of  the immune system that recog-
nizes and binds to a specifi c antigen.

antigen A substance that is capable of  triggering an immune response.
antimüllerian hormone (AMH) A hormone secreted by the developing 

testes that suppresses development of  the female reproductive tract.
aromatase An enzyme that converts testosterone to estrogen.
auditory evoked potentials Electrical signals that may be recorded from 

the scalp, and that refl ect the activity of  auditory brain systems in 
response to a sound.

autosome A chromosome other than a sex chromosome.
AVPV A nucleus in the preoptic area of  the hypothalamus that is larger 

in females than in males; it helps regulate the reproductive cycle, at 
least in rodents.

bisexual Sexually attracted to persons of  either sex.
bottom In gay slang, a man who prefers to take the receptive role in 

anal sex.
butch Masculine or dominant, usually in reference to a lesbian.

coactivator An intracellular molecule that enhances the action of  a 
hormone.

cochlea The auditory sense organ in the inner ear.
cognitive Of  information-processing aspects of  the mind, such as 

perception; as distinct from emotions or personality.
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concordance rate The probability that both members of  a twin pair will 
exhibit some trait, given that one member does.

congenital adrenal hyperplasia (CAH) A genetic condition in which 
excess androgens are secreted by the adrenal gland during prenatal 
development.

consistent-sided (CS) asymmetry An anatomical asymmetry that is 
in the same direction from person to person. Also called directional 

asymmetry.
conversion therapy Psychological treatment intended to change a 

person’s sexual orientation.
co-repressor An intracellular molecule that inhibits the action of  a hor-

mone.
corpus callosum The largest band of  white matter that interconnects 

the left and right cerebral hemispheres.
critical period A period during which the development of  a certain 

brain system is particularly sensitive to the infl uence of  hormones or 
other factors.

crossing over The exchange of  genetic material between chromosomes 
during development of  a sperm or ovum.

demographic transition The marked decrease in the number of  off-
spring born to the average woman that has accompanied industrial-
ization and other social changes in many countries.

developmental instability Any of  a range of  factors that can impair 
development in such a way as to increase the amount of  random-
direction asymmetry.

dichotic listening A test of  brain lateralization for speech that involves 
the simultaneous presentation of  different syllables or words to the 
two ears.

dimensional Forming a continuous distribution; opposite of  categorical.
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discordant Of  twins, not sharing a trait such as homosexuality.
dizygotic Of  twins, arising from two different fertilized ova.
dopamine A neurotransmitter with a variety of  functions within the 

brain; it is particularly associated with motivation and reward.

egalitarian relationship A homosexual relationship between two persons 
who are similar in age and gender characteristics.

emotional jealousy Fear that one’s partner is emotionally involved with 
a third party.

ethology The study of  animal behavior.
eye-blink auditory startle response A refl ex blinking of  the eyes in 

response to an unexpected sound.

fa’afafi ne A homosexual man in Samoa, who may or may not be 
transgendered.

feminizing genes Hypothetical genes that promote the development of  
feminine characteristics in males.

femme Feminine, usually in reference to a lesbian.
fl ehmen response In some mammals, a curling of  the upper lip that 

facilitates detection of  pheromomes by the vomeronasal organ.
frequency In audition, the number of  sinusoidal pressure oscillations 

per second, corresponding roughly to perceived pitch.
fruitless (fru) A gene in fruit fl ies that regulates the development of  

brain regions responsible for sexual behavior.
fundamental frequency The lowest periodic component in a complex 

sound, such as a voice; it is the main contributor to the perceived 
pitch of  the voice.

γ-amino-butyric acid (GABA) A neurotransmitter that has an inhibi-
tory action in adults but may be excitatory during development.

gay Homosexual.
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gaydar The ability to identify a person as gay on the basis of  his or her 
appearance or unconscious behaviors.

gender The collection of  psychological traits that differ, to a greater or 
lesser extent, between the sexes.

gender dysphoria Severe dissatisfaction with one’s biological sex.
gendered Differing between the sexes, usually in reference to mental or 

behavioral traits.
gender-stratifi ed relationship A homosexual relationship characterized 

by a marked difference in gender characteristics between the 
partners.

gene A stretch of  DNA that is expressed as a functional unit; a unit of  
inheritance.

genome An individual’s entire genetic endowment.
glutamate A common excitatory neurotransmitter in the brain.
gray matter Brain tissue containing neurons and synapses, as contrasted 

with white matter.
growth factor A molecule that signals certain target cells to increase 

their rate of  growth.
gynephilic Sexually attracted to women.

heritability The fraction of  the variability in a trait within a population 
that is attributable to genetic differences between individuals.

heterosexual Sexually attracted to persons of  the other sex.
heterozygous state The state in which an individual has inherited dif-

ferent versions of  a particular gene from his or her two parents.
histocompatibility antigens Antigens that trigger rejection of  tissue 

grafted from one individual to another.
homosexual Sexually attracted to persons of  one’s own sex; gay.
homozygous state The state in which the same version of  a gene has 

been inherited from both parents and therefore is present on two 
homologous chromosomes.
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hormone A substance that is secreted by a gland into the bloodstream 
and that infl uences the activity or development of  tissues elsewhere 
in the body.

hwame In Mohave culture, a girl who rejects the female role.
H-Y antigens Histocompatibility antigens coded by genes on the 

Y chromosome, and therefore possessed only by males.
hypothalamus A small region at the base of  the brain on either side of  

the third ventricle; it contains cell groups concerned with sexuality 
and other basic functions.

INAH3 (3rd interstitial nucleus of  the anterior hypothalamus) A 
cell group in the hypothalamus that differs in size between men and 
women and between gay and straight men.

index subject A person initially recruited into a study, as opposed to a 
person drawn into the study later because of  a relationship to an 
index subject.

instrumentality A collection of  traits, including assertiveness, com-
petitiveness, aggressiveness, and independence, that tend to be more 
developed in men than in women.

isthmus A sector of  the corpus callosum that interconnects parts of  
the parietal and temporal lobes in the left and right cerebral 
hemispheres.

Kinsey scale A seven-point scale of  sexual orientation ranging from 0 
(exclusively heterosexual) to 6 (exclusively homosexual), devised by 
Alfred Kinsey.

lesbian Homosexual, gay (of  women only); a homosexual woman.
linkage study A method of locating genes of  interest on the basis of  their 

proximity to other genetic markers whose location is already known.
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lordosis refl ex A sexual behavior typically shown by female rodents in 
response to being mounted; the animal raises its rump to allow for 
penetration.

mental rotation The ability to tell whether two 2-dimensional drawings 
represent the same 3-dimensional object viewed from different angles.

monozygotic Of  twins, arising from a single fertilized ovum (and thus 
genetically identical or near-identical).

NELL2 A growth factor involved in the development of  the 
hypothalamus.

nucleus In neuroanatomy, a consistently recognizable cluster of  neurons 
in the brain.

oedipal homosexuality In psychoanalytic theory, homosexuality result-
ing from a failure to emerge from the oedipal phase of  psychosexual 
development.

oedipal phase In psychoanalytic theory, a period during infancy when a 
boy is sexually fi xated on his mother.

older-brother effect The increased probability of  homosexuality in 
men who have one or more older brothers.

organizational effect An effect of  a hormone on the developing brain 
that infl uences behavior in later life.

oSDN The sexually dimorphic nucleus in the medial preoptic area of  
the hypothalamus of  sheep.

oto-acoustic emission (OAE) A weak sound produced by the cochlea; it 
may be spontaneous (SOAE) or it may be evoked by clicks (CEOAE).

paraphilia An unusual sexual interest or behavior that is suffi ciently 
distressing or harmful to be considered a mental disorder.
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perirhinal cortex An area of  cerebral cortex within the temporal lobe 
that is involved in the encoding of  memory, spatial information, and 
olfaction.

pre-gay children Children who become gay adults.
pre-oedipal homosexuality In psychoanalytic theory, homosexuality 

that results from a failure to enter the oedipal phase.
pre-pulse inhibition Reduction in the strength of  the eye-blink 

auditory startle response when the startling sound is preceded by a 
fainter sound.

programmed cell death The “planned” death of  a cell or class of  cells 
as the end-product of  an organized sequence of  gene expression.

random-sided (RS) asymmetry An anatomical asymmetry whose 
direction is unpredictable from person to person. Also called fl uctuat-

ing asymmetry.
receptor A molecule or molecular assembly that responds to the 

presence of  a hormone or neurotransmitter.
recessive gene A version of  a gene that has little or no apparent effect 

when present as a single copy.
reproductive success The total number of  an individual’s offspring that 

survive to maturity.

sex hormone A hormone that helps regulate sexual function or develop-
ment. Several important sex hormones are steroids.

sex hormone binding globulin (SHBG) A protein in the blood that 
acts as a carrier for steroid sex hormones.

sex pheromone A substance produced or released by one individual that 
affects the sexual feelings or behavior of  another individual of  the 
same species.
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sex-biased Differing at least to a small degree between the sexes.
sexual jealousy Fear that one’s partner is physically involved with a third 

party.
sexually antagonistic model A model explaining the persistence of  a 

gene, in which a negative effect on the reproductive success of  one sex 
is counterbalanced by a positive effect on the reproductive success of  
the other sex.

sexually dimorphic Differing in structure between males and females.
sexually dimorphic nucleus of  the preoptic area (SDN-POA) A cluster 

of  neurons in the medial preoptic area of  the hypothalamus that is 
typically larger in males than in females.

shared environment Any nongenetic infl uences that promote a trait in 
both members of  a twin pair.

sickle cell anemia A form of  anemia caused by the inheritance of  two 
copies of  an abnormal gene for hemoglobin.

Slater’s Index A numerical representation of  a person’s order within a 
sibship: the number of  a person’s older siblings divided by the total 
number of  his or her siblings.

SRY A gene on the Y chromosome that confers maleness.
standard social science model The idea, prevalent through much of  the 

20th century, that the human mind starts out as a blank slate that is 
written upon by learning and culture.

steroid A class of  fatty molecules derived from cholesterol, including 
the sex hormones testosterone, estrogen, and progesterone.

straight Heterosexual.
suprachiasmatic nucleus A cell group in the hypothalamus that regu-

lates circadian rhythms.
systemizing In the terminology of  Simon Baron-Cohen, a male-typical 

trait involving interest in rule-governed systems.
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taxometric analysis A statistical method to look for hidden categories 
underlying a dataset.

testosterone A sex hormone secreted by the testis and the adrenal gland; 
it is the principal androgen.

thalamus A large group of  forebrain nuclei that receives sensory inputs 
from the periphery and is reciprocally connected with the cerebral 
cortex.

third ventricle A fl uid-fi lled space that occupies the midline of  the 
brain, separating the left and right hypothalamus.

top In gay slang, a man who prefers to take the insertive role in anal sex.
transexual A transgendered person who wishes to transition to the 

other sex, or who has already done so.
transgendered Having the subjective identity or the social role of  a 

person of  the other sex.
trend In statistics, a difference between samples that fails to satisfy a 

minimum criterion for signifi cance, perhaps because the samples 
were too small.

two-spirit person In Native American culture, a person who is trans-
gendered or who exhibits a mix of  male and female characteristics.

unshared environment Any nongenetic infl uence that promotes a trait 
in one member of  a twin pair but not the other.

vomeronasal organ A sensory structure within the nasal cavity of  some 
animals; it is involved in the detection of  pheromones.

waist–hip ratio The circumference of  the body at the waist divided by 
the circumference of  the body at the hips.

white matter Brain tissue containing fi bers but no neurons or synapses.
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winkte A Lakota Indian, biologically male, who adopts a female or 
mixed-gender role.

X chromosome A sex chromosome: females possess two, males pos-
sess one.

X inactivation In females, the inactivation of  one X chromosome 
during early development, leaving the individual with just one func-
tional X chromosome in each cell.

X-linked Of  a gene, located on the X chromosome, or caused by such 
a gene.

Y chromosome The smaller of  the two sex chromosomes; males possess 
one, females possess none.
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