CHAPTER SEVEN

Pre-natal hormones?
Stress? Immune attack?
Hormones
Many people have wondered if homosexuality is caused by exposure
in the womb to unusual levels of male or female hormones. The
theory is that if a male embryo is exposed to lower than normal levels
of male hormones, or a female embryo to excess male hormones,
the child may grow up homosexual. Such exposure to sex hormones
may make lower animals bisexual. In this chapter we argue any such
effect is small.
In normal development, it takes a natural surge of testosterone
in the embryo to turn the female reproductive tracts into male sex
organs. You could say that the default sexuality in the womb is
female, and that, without the testosterone surge the embryo would
remain female.
Treatments for medical conditions during pregnancy and
certain rare hormonal conditions in humans have given researchers
opportunity to study the effect of high or low levels of male and
female hormones on the embryo in the womb and on later sexual
orientation. We will look particularly at two of them.
Also, see Chapter Nine for detail of supposed effects on the
brain.

Exposure to diethylstilbestrol
Between about 1940 and 1970, diethylstilbestrol, an artificial female
sex hormone, was given to pregnant mothers at risk of miscarriage.
(It is no longer administered because of increased risks of genital
cancer in daughters and sons of these women.) The doses of diethylstilbestrol given to women in the study were very high: 5-250
mg. per day. In much later research, the children of these women
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were queried in detail about their sexual orientation in the previous
eighteen months: fantasies, romantic/sexual daydreams, and many
other detailed tests.1 In two studies, there was slightly more lesbianism than in the controls (a normal comparison group), but two earlier
studies found no difference in sexual orientation. A fifth study, the
latest and most definitive2 showed no difference. So, the girls were
exposed to levels of female hormone far in excess of anything a fetus
would naturally be exposed to, and, even at those very high levels,
no effect was found.
A study of twenty boys,3 exposed to diethylstilbestrol in the
womb, showed that none had homosexual tendencies (though one of
the non-exposed controls did). This suggests that pre-natal exposure
to this hormone does not lead to homosexuality in men.

Adrenogenital syndrome
When girls are exposed to male hormones in the womb, one outcome
is adrenogenital syndrome. You met adrenogenital syndrome in
Chapter Five. To recapitulate briefly: in the development of a
female fetus, the adrenal glands normally produce a hormone called
cortisol which is involved in control of protein and carbohydrate
metabolism. In adrenogenital syndrome, because of an enzyme deficiency, an androgen is produced instead. Girls exposed in the uterus
to this hormone (at nine times the usual concentration) develop
unusually large clitorises (more like miniature phalluses), and, if the
condition is untreated, can grow up looking very masculine. These
days, females with this condition are given life-long drug treatment
to counteract the masculinising effect of the continuing androgen
production. However, 40 years ago, girls with this condition were
sometimes left untreated, and researchers have studied them to find
effects on sexual orientation.
Earlier studies showed no effect on sexual orientation, but one
study by sex researchers Money, Schwartz, and Lewis4 came up
with a large group (37%) who were bisexual, but not lesbian, which
seemed to show a large influence on sexual orientation. However, a
survey of diabetic patients matched with the girls for age and hospital
experience came up with identical levels of bisexuality. Unless we
argue that diabetes also causes bisexuality, it would appear that
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common environmental factors in the two groups might have been
responsible. These girls were frequently hospitalised5 and subjected
to much medical scrutiny and interviewed about their sexuality.
The Money, Schwartz, and Lewis study has also been criticised for
poor interviewing techniques, which over-estimated the bisexuality of the respondents.6 For example, girls with this syndrome who
are untreated are acutely embarrassed about themselves and often
unwilling to talk about sex at all. In this study, they did not feel
feminine and did not have boyfriends. Some of this may have been
interpreted as bisexuality. In Chapter Three, we mentioned gender
nonconformity as one of the strongest predictors of future homosexuality. These girls felt very different from their peers. They were
particularly conscious of their excessive hairiness, which they said
was the one thing they would like changed more than anything, even
their deep voices.
Environmental factors appear to override hormonal influences, according to another study;7 no correlation was found between
masculine behaviour in girls with adrenogenital syndrome and
increased physical mascu
linisation. In still another study of the
condition, lesbianism seemed to be associated with poor vaginal
function, in which the girls doubted their femininity.8
A Swedish paper9 found some effect on sexual orientation.
Non-heterosexual orientation was reported by 20% of the sample
which was significantly different from controls. Meyer-Bahlburg
and others,10 conclude that there is definitely some effect, but it is
rather modest. In a quite thorough investigation, 31% of women
had crushes on other women (but so did 14% of the controls), 9%
expressed love for other women which was just significantly different
from the controls, 11% had actually had sex with other women,
but this was not significantly different from the controls. “Most
women were heterosexual, but the rates of bisexual and homosexual
orientation were increased above controls not only in women with
classical CAH, but also in those women with a non-classic form of
the syndrome, and the effect correlated with the degree of prenatal
androgenization.”10 Boys can also have this condition. They are
simply exposed to more male hormones than usual. This might be
expected to completely eliminate homosexuality. But, in a sample of
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thirty, one experienced homosexual attraction.11 This level (3%) is
not significantly different from the occurrence of homosexuality in
the normal population. The sample is too small to say much more,
except that exposure in the uterus to excess masculinising hormone
clearly does not eliminate homosexual orientation in males.
These results disproved the theory of pre-natal exposure to
excess hormones as an infallible cause of homosexuality. Exposure to
excess androgen had no effect on boys, and a modest effect on girls.
The girls were exposed in the womb to one of the strongest doses
of male hormones known in the scientific record, but a minority
became bisexual or lesbian. What, then, can possibly be producing
lesbianism in females experiencing normal conditions in the womb?
Not exposure to pre-natal hormones, it seems.
In a lesser known 1974 study, of eighteen young women in
Soviet Russia who had adrenogenital syndrome, none showed the
slightest trace of lesbianism or lesbian erotic fantasy.12 The author
attributed this to stricter mores in the Soviet Union. Regardless, it
seems the result is sensitive to social setting.
Subsequent papers confirmed more masculine-type play as
children, and somewhat less heterosexual interests, but remarkably,
in view of the high level of male hormone exposure, in one study of
250 girls, 95% had no problems with female gender identity.46 One
conclusion would be that the effects of the hormones were remarkably small.

Finger ratios and sexual orientation
In 2000 Williams et al.13 Californian researchers, published results
which seemed to confirm hormonal influence on sexual orientation. They measured finger length ratios at a gay and lesbian fair,
and found the ratio of index/ring finger was significantly more
“masculine” in lesbians. Since people are born with these ratios, this
seemed evidence that pre-natal hormones, mainly testosterone, were
powerfully influencing sexual orientation.
Digit ratios could be measured using a photocopier—an easy
laboratory test!—so an explosion of confirmatory studies followed,
and were extended to males, but the results for the men turned out to
collapse in a mess of contradictory papers, (one contributing factor
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to finger lengths for the men was ethnicity), and as at 2010 only the
lesbian results are firm enough to comment on.
We must emphasise that the connection between the finger
length and lesbianism is actually weak. Van Anders and Hampson14
could only explain 6-9% of the variance (i.e., explain 6-9% of the
lesbianism using finger lengths). Put simply, that is a very weak
effect. Also, heterosexuals with the same finger ratios outnumbered
lesbians 60 to 1.13
In a rather tour-de-force experiment, Lutchmaya et al.15
measured the fetal hormone levels directly in the amniotic fluid
and then much later, after birth, measured the digit ratios in the
children. This did not look at sexual orientation of course— too
early for that—and they found a relationship between the hormone
ratios and the digit ratios, but again rather modest. However this
result was only just statistically significant and it needs replication.
Seventy three percent of the explanation for the digit ratios was not
the hormones.
Twin researchers Paul et al.16 did a study to find the extent of
genetic influence (as opposed to hormonal influence) on the finger-length ratio and concluded that 66% of the effects were genetic.
This is above average, moderately strong, but much stronger than
the effect of hormones. The conclusion then is that there is some
genetic feature which influences this ratio and that is predominant.
Hormone effects are secondary at best, according to the authors.
McFadden17 found that the women’s finger length ratios did
not correlate with other supposed markers of prenatal hormone
exposure, called otoacoustic emissions, fluctuating asymmetry and
visio-spatial expertise. It rather seems whatever the explanation for
the effect, it is not very likely to be hormones.
The enticing idea that prenatal hormones are fixing one’s sexual
orientation in stone proves only to be a quite weak effect.

Other pre-natal hormone effects
Knickmeyer18 used the same system as Lutchmaya et al. and waited
until the children were born, and observed their play. They found no
link between pre-natal hormone levels and children’s play whether
gender-typical or atypical.
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A more recent paper19 also looking at sex hormones in amniotic
fluid similarly waited until the children were born and observed at
13 months the tendencies to play with gender-typical or atypical
toys. This could be taken as a rough indication of future SSA.
Though there were very clear gender-linked preferences for gender
appropriate toys, this was totally unrelated to previous sex-hormone
levels—except for progesterone, which makes no biological sense and
which the authors themselves rejected. However there was a link
with family structure— a large number of elder brothers suppressed
masculine preference in boys. There was also a strong influence
of more elder sisters—they promoted more feminine play in boys.
A similar effect was seen for girls— an excess of elder sisters was
linked to less feminine play. But these are social effects and much
stronger than any prenatal sex-hormone effects. These social effects
are not completely consistent with those in Chapter Three and more
work is needed.
So prenatal sex hormone exposure did not even affect gender-typical play very much.

Adult exposure to sex hormones
Do sex hormone drugs given to adults have any effect on sexual
orientation?
It was long believed that homosexuals had lower levels of
testosterone (male hormone), or higher levels of estrogen (female
hormone) in their bodies, and that lesbians had higher levels of testosterone and lower estrogen levels. The corrective step appeared to
be administration of counter-balancing doses of whatever hormone
was necessary. But it didn’t work. Male homosexuals given male
hormones only became more sexually active, not more heterosexual.
So doctors experimented with doses of estrogen in the thirties to
see if they stimulated androgen feedback responses. The father of
computer science, Alan Turing, arrested for homosexual activities,
was required to take estrogen. It had no apparent effect.20 Courts
ordering men to undergo hormonal treatment to change their orientation eventually stopped the practice as it became clear it was
ineffective.
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In the literature, as reviewed by New York hormone expert
Meyer-Bahlburg, three studies suggested testosterone levels were
lower in male homosexuals, twenty found levels in homosexuals
were the same as in heterosexuals, and two found elevated levels in
homosexuals.21 Another reviewer of the biomedical literature, from
the Netherlands, Louis Gooren, remarks, “Not only have the best
designed studies failed to find differences in hormone levels between
homosexuals and heterosexu
als, but…the scientific principles of
endocrinology do not make that plausible.”3 Nor, he commented
has it ever “been reported that sexual orientation underwent a shift
induced by the change of levels of androgens and estrogens.”
On the other hand, there is plenty of evidence that hormonal
therapy raises or inhibits existing sex drive. Rates of sexual fantasy
and orgasm more than tripled in one group of men being treated
with androgen for very low levels of testosterone.22 This is one
of the strongest effects on record for heightened libido. A similar
test of women on estrogen replacement therapy showed about a
20%increase in libido compared with controls.23 Androgens also
increase libido in women when they are given to combat advanced
breast cancer.24 Some drugs decrease libido. Oral contraceptives
tend to lower sex drive by about 30%, according to one study.25 But,
even in those cases, habits and mental attitudes can overrule. Even
with chemical castration rec
ommended for some sex offenders,
some criminal sexual behaviour persisted because of mental habits
that had been established. In one classic study, in which men were
treated with estrogens and anti-androgens,26 some criminal sexual
behaviour continued even though sexual activity dropped to about
25%of normal, and interest to about 60%. Even physical castration
has equivocal effects for many offenders. For some, sexual fantasy
and performance decrease quite rapidly: in one study of 2500 sex
offenders, repeated offences fell from 50%to 3.5%—but a small
minority continued to be as sexually active as ever.27 It is still possible
for castrated men, paraplegics, or eunuchs to have mental orgasms.28
But generally apathy sets in.
As one reviewer of the literature on hormones and libido
comments,
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The available literature suggests that humans have not
escaped completely from the endocrinological control
of sexual behavior and that humans are similar in certain ways to the other mammals. On the other hand it
is also obvious that social learning plays an extremely
important role in human sexual behavior.24

The placebo effect
Hormonal effects are often small compared with the effects of mental
attitudes. People who think a treatment is going to work often show
improvement even though the treatment is proven ineffective. This
is called the placebo effect. Placebos are inactive substances, without
physical curative effects, which are often used in drug trials. For this
reason, double-blind trials are now the rule when drugs are being
tested: neither the patient nor the researcher knows who received
the placebo and who received the prescribed drug until afterwards.
Studies of the effect of drugs on libido are subject to a strong placebo
effect—people who believe the treatment will raise libido often show
increased sex drive, suggesting that state of mind is one of the most
powerful influences on human sexuality.
One researcher of the effect of hormones on libido (Brown-Sequard, in Paris) was notorious many years ago for insisting that
a preparation of monkey testicles had revolutionised his sex life.
Only much later did researchers learn that the testicles had been
accidentally prepared in such a way that any sex hormones had been
thoroughly eradicated. The effect was all in the mind. “Very many
suggested effects on libido are anecdotal, and doubtful, and may
arise from increases in general well-being,” says one researcher in
the field.29

Maternal stress
In rats, researchers have found a link between maternal stress and
demasculinising effects in the sexual behaviour of male offspring.
The mother’s stress leads to a delayed testosterone surge in male
rats. An East German researcher, Dorner, claimed to have found
a similar stress effect in humans during the Second World War. If
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mothers underwent a lot of stress, he found no heterosexuality in
their young offspring, 25%bisexuality, and 35%homosexuality. The
remainder were too young to know what their preferences were.10
These were spectacular results, but the study appears to be
maverick. Other studies on rats could not find the effect, and stress
in human mothers delays the testosterone surge much less markedly
than in rats. Dorner has also been criticised for not interviewing the
mothers.30 Three other studies on humans did not find any effect.30
A later and more sophisticated study, although it found no correlations with stress for boys, did find an unsurprising relatively strong
correlation between homo
sexual fantasy and childhood gender
non-conformity30 (see Chapter Three). Curiously, in this study, there
was a moderate correlation for girls between maternal stress and lesbianism, which made no sense to the authors. Girls are not exposed
to a pre-natal testosterone surge, so a delayed surge makes no sense
in this context.
The latest and biggest survey31 basically concludes that there is a
weak effect for boys and a more significant effect for girls. A similar
survey for the stressful effects of an historic Dutch famine could find
no effects.32 In no case can the effects be described as overwhelming,
which is why it has been so hard to establish. It is another minor
factor in the development of homosexuality for a few people.

The Maternal Immune Hypothesis
—the “anti-boy” antibody
Another popular recent theory to explain homosexuality is the
“maternal immune hypothesis”. It argues that an immune attack on
the fetus by the mother predisposes to SSA.
This section will conclude that the hypothesis is much too speculative.
The maternal immune hypothesis33 is that a male fetus may
cause an immune reaction in the mother, rather similar to the
development of Rhesus sensitivity in an Rh negative mother with
an Rh positive baby. In this syndrome the first child is untouched,
but the mother has an immune reaction, and any subsequent Rh
positive children are severely attacked by the mother’s antibodies,
and may suffer neurological damage. The SSA hypothesis is that the
135

My Genes Made Me Do It!

mother reacts to the maleness of the first boy and creates antibodies
that—like other maternal antibodies—penetrate the placenta and
enter any subsequent male fetus, attacking developing brain tissue,
particularly male-specific brain sites. Some researchers think lower
birth weight is another result of this hypothesis.34 The new-born boy
is supposed to be predisposed to SSA. However this hypothesis does
not try to explain SSA in a first-born and can be calculated to explain
only 17% or less of total SSA.35
According to the theory, the antibodies in the mother increase
with each male child, raising the likelihood of SSA with each subsequent birth.
There are several major problems with the theory
One: immunological attack by the mother probably creates more
frequent schizophrenia or autism47 but neither was found in people
with SSA when surveyed48
Two: the original finding of an excess of older brothers in men
with SSA is now looking increasingly doubtful. Many large samples
cannot find the effect.
Three: if the attack is against male-specific targets then the
testes should also be attacked since there are a lot more male-specific
targets there. Attack on the testes would result in impairment of
fertility in males with SSA. One would be likely to detect increases
in four conditions which usually group together—poor semen
quality, hypospadias (somewhat feminine deformation of the penis),
and cryptorchidism (undescended testes). These three conditions
are usually summed up in the following inclusive category: testicular
dysgenesis (the testes do not develop). These conditions have many
causes, and birth weight is also low. However none of them is known
to be associated with homosexuality.
In fact, individuals with hypospadias have slightly increased
psychological levels of masculinity.36 This is interesting because for
hypospadias, levels of testosterone are low right through pregnancy
to the post-natal period. Is it really possible that the testes in the
fetus under supposed immune attack by the mother can still produce
levels of testosterone high enough to avoid hypospadias, but low
enough to produce SSA? This doesn’t make sense. Orchitis (inflammation of the testes) would be a symptom of generalised immune
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attack on maleness but neonatal orchitis is much less common in
males than homosexuality is.
Work with large samples of adolescents shows there is no
difference in age of puberty between SSA and OSA people.37 But
one would expect a later puberty if the functions of the testes are
impaired by maternal immune attack.
An attack on “maleness” should particularly affect development of male genitalia in any fetus which is later SSA-prone. But the
opposite has been found. From the data gathered by Kinsey, penile
lengths were statistically 0.8 cm longer for males with SSA than
males with OSA.38
The biggest unanswered question is: if there is no attack on the
testes which have the largest congregation of male-specific targets,
why would there be on the brain? The best interpretation is that no
such attack takes place.
Four: People with SSA do not show evidence of impaired brain
function which would result from maternal attack on the male brain.
Attack on fetal male brain neurology has also been supposed
from previous studies to manifest itself in learning difficulties, but
in reading and writing rather than arithmetic.39 However the known
better verbal fluency in males with SSA40 and the fact that they are
not known for learning difficulties, argues that homosexuality is not
a result of any supposed anti-male immune attack.
The most definitive study to date (Flannery and Liderman,
1994),41 with a sample of 17,283 mother and son pairs, tested
whether enhanced autoimmunity in the mother (a possible measure
of attack on the fetus) was associated later in the child with cerebral
palsy, mental retardation, seizures, articulation disorder, reading or
arithmetic disability, verbal or performance aptitude deficits and
ADHD. After controlling for birth factors, enhanced autoimmunity
did not correlate with the above neurological problems. This large
survey contradicted earlier surveys with poorer control, which gave
rise to the idea of such a link (Gualtieri and Hicks, 1985).42 Later
work shows that the immune reaction was connected with later
schizophrenia, autism, and depression, but not changed sexuality.42a
It seems we can add homosexuality to the list of conditions not
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related to maternal immune attack. A much more thorough criticism
of the maternal immune hypothesis is given elsewhere.43
We have to conclude that there are several layers of hypothesis
moving the maternal immune hypothesis from the “speculative” to
the “very speculative” and there is evidence against each.

Summary
Although there are some pre-natal hormonal effects on sexual
behaviour for lower animals, there is not convincing evidence for such
an effect on sexual orientation in humans. The studies examining
the effects of high doses of female hormones to pregnant women are
particularly informative because these are very high doses and any
hormonal effects on sexual orientation should show up clearly. But
the result is a dubious effect on women and no effects on men. Any
effects on sexual orientation appear to be better explained in terms
of gender non-conformity—a psychological construct. Sex hormones
do increase or lower sex drive, but that appears to be about all.
The maternal immune hypothesis seems very speculative, and
needs much more evidence before it is taken more seriously.
We leave the last word to several researchers in the field. James44
summarises the evidence for effects of prenatal hormone exposure
on subsequent sexual orientation as “weak”.
In summary, the evidence from prenatal endo
crine
disorders and from the offspring of hormone-treated
pregnancies suggests that hormones may con
tribute
to, but do not actually determine, the course of sexual
orientation in individuals with an abnormal sexsteroid
history during prenatal life.3
“At this time, the literature does not support a causal link
between hormones and homosexuality.”12
Also, “In clinical practice numerous patients are encountered
with gross abnormalities of their hormonal profiles. As a rule this
does not impact on their gender identity or sexual orientation.”45
So, not only your genes didn’t make you do it, it seems your
hormones didn’t either. In sexual orientation, the strongest stimulation appears to come from the mind and the environment.
138

Chapter Seven: Prenatal hormones? Stress? Immune attack?

References
1.

2.

3.

4.

5.
6.
7.

8.

9.

10.

11.

12.
13.

14.

15.

Ehrhardt AA, Meyer-Bahlburg HFL, Feldman JF, Ince SE. 1984. Sex-dimorphic
behavior in childhood subsequent to prenatal exposure to exogenous
progestogens and estrogens. Archives of Sexual Behavior 13:457-79
Lish JD, Meyer-Bahlburg HFL, Ehrhardt M, Travis BG, Veridiano NP. 1992.
Prenatal exposure to diethylstilbestrol (DES): childhood play behavior and
adult gender-role behavior in women. Archives of Sexual Behavior 21(5):42341
Gooren L. 1990. Biomedical Theories of Sexual Orientation: A Critical
Examination. In Homosexuality/Heterosexuality , ed. McWhirter DP, Sanders
SA, Reinisch JM, 71-87pp. New York: Oxford University Press
Money J, Schwartz M, Lewis VG. 1984. Adult erotosexual status and fetal
hormonal masculinization and demasculinization: 46, XX congenital
virilizing adrenal hyperplasia and 46, XY androgen-insensitivity syndrome
compared. Psychoneuroendocrinology 9(4):405-14
Vines G. 1992. Obscure origins of desire. New Scientist 136 (28 November):2-8
McConaghy N. 1987. Heterosexuality/Homosexuality: dichotomy or continuum.
Archives of Sexual Behavior 16(5):411-24
Dittmann RW, Kappes MH, Kappes ME, Borger D, Stegner H, Willig RH, Wallis
H. 1990. Congenital adrenal hyperplasia I: Gender-related behavior and
attitudes in female patients and sisters. Psychoneuroendocrinology 15:401-20
Mulaikal RM, Migeon CJ, Rock JA. 1987. Fertility rates in female patients with
congenital adrenal hyperplasia due to 21-hydroxylase deficiency. The New
England Journal of Medicine 316:178-82
Frisen L, Nordenstrom A, Falhammar H, Filipsson H, Holmdahl G, Janson PO,
Thoren M, Hagenfeldt K, Moller A, Nordenskjold A. 2009. Gender role
behavior sexuality and psychosocial adaptation in women with congenital
adrenal hyperplasia due to CYP21A2 deficiency. The Journal of Clinical
Endocrinology and Metabolism. 94(9):3432-9
Meyer-Bahlburg HF, Dolezal C, Baker SW, New MI. 2008. Sexual orientation
in women with classical or non-classical congenital adrenal hyperplasia as a
function of degree of prenatal androgen excess. Archives of Sexual Behavior
37(1):85-99
Money J, Lewis V. 1982. Homosexual/heterosexual status in boys at puberty:
idiopathic adolescent gynecomastia and congenital virilizing adrenocorticism
compared. Psychoneuroendocrinology 7(4):339-46
Banks A, Gartrell NK. 1995. Hormones and sexual orientation: a questionable
link. Journal of Homosexuality 30:247-68
Williams T, Pepitone ME, Christensen SE, Cooke BM, Huberman AD, Breedlove
NJ, Breedlove TJ, Jordan CL, Breedlove SM. 2000. Finger-length ratios and
sexual orientation. Nature 404:455-6
van Anders SM, Hampson E. 2005. Testing the prenatal androgen hypothesis:
measuring digit ratios, sexual orientation and spatial abilities in adults.
Hormones and Behavior 47:92-8
Lutchmaya S, Baron-Cohen S, Raggatt P, Knickmeyer R, Manning JT. 2004. 2nd
to 4th digit ratios, fetal testosterone and estradiol. Early Human Development
77:23-8

139

My Genes Made Me Do It!
16. Paul SN, Kato NS, Cherkas LF, Andrew T, Spector TD. 2006. Heritability of the
second to fourth digit ratio (2d:4d): a twin study. Twin Research and Human
Genetics 9: 215-219
17. McFadden D, Shubel E. 2003. The relationships between otoacoustic emissions
and relative lengths of fingers and toes in humans. Hormones and Behavior
43(3):421-9
18. Knickmeyer RC, Wheelwright S, Taylor K, Raggatt P, Hackett G, Baron-Cohen
S. 2005. Gender-typed play and amniotic testosterone. Developmental
Psychology 41:517-28
19. van de Beek C, van Goozen SHM, Buitelaar JK, Cohen-Kettenis PT. 2009.
Prenatal sex hormones (maternal and amniotic fluid) and gender-related
play behavior in 13-month-old infants. Archives of Sexual Behavior 38(1):
6-15
20. Murphy TF. 1992 Redirecting sexual orientation: techniques and justifications.
Journal of Sex Research 29(4):501-523
21. Meyer-Bahlburg HFL. 1984. Psychoendocrine research on sexual orientation:
Current status and future options. Progress in Brain Research 61:375-398
22. Kwan M, Greenleaf WJ, Mann J, Crapo L, Davidson JM. 1983. The nature of
androgen action on male sexuality—a combined laboratory-self-report study
on hypogonadal men. Journal of Clinical Endocrinology and Metabolism
57(3):557-62
23. Dennerstein L, Burrows GD. 1982. Hormone replacement therapy and sexuality
in women. Clinics in Endocrinology and Metabolism 11:661-79
24. Segraves RT. 1988. Hormones and libido. In Sexual Desire Disorders, ed. Leiblum
SR, Rosen RC, 271-312pp. New York: The Guilford Press
25. Leeton J, McMaster R, Worsley A. 1978. The effects on sexual response and
mood after sterilization of women taking long-term oral contraception:
results of a double-blind cross-over study. Australian and New Zealand
Journal of Obstetrics and Gynaecology 18:194-7
26. Bancroft J, Tennent G, Loucas K, Cass J. 1974. The control of deviant sexual
behaviour by drugs: 1. Behavioural changes following oestrogens and antiAndrogens. British Journal of Psychiatry 125:310-5
27. Cameron P. 1993. The Gay Nineties. Franklin, Tennessee: Adroit Publishers.
28. Segraves RT. 1988. Drugs and desire. In Sexual Desire Disorders, ed. Leiblum SR,
Rosen RC, 313-347pp. New York: The Guilford Press
29. Money J. 1961. Sex hormones and other variables in human eroticism. In Sex
and Internal Secretions, ed. Young WC, Corner GW, 1383-1400pp. Baltimore:
Williams and Wilkins
30. Bailey JM, Willerman L, Parks C. 1991. A test of the maternal stress theory of
human male homosexuality. Archives of Sexual Behavior 20(3):277-93
31. Ellis L, Cole-Harding S. 2001. The effects of prenatal stress and of prenatal
alcohol and nicotine exposure, on human sexual orientation. Physiology and
Behavior 74:213-26
32. de Rooij SR, Painter RC, Swaab DF, Roseboom TJ. 2009. Sexual orientation
and gender identity after prenatal exposure to the Dutch famine. Archives of
Sexual Behavior 38(3):411-6
33. Blanchard R, Bogaert AF. 1996. Homosexuality in men and number of older
brothers. American Journal of Psychiatry 153:27-31

140

Chapter Seven: Prenatal hormones? Stress? Immune attack?
34. Blanchard R, Zucker KJ, Cavacas A, Allin S, Bradley SJ, Schachter DC. 2002.
Fraternal birth order and birth weight in probably prehomosexual feminine
boys. Hormones and Behavior 41:321-7
35. Cantor JM, Blanchard R, Paterson AD, Bogaert AF. 2002. How many gay men
owe their sexual orientation to fraternal birth order? Archives of Sexual
Behavior 31:63-71
36. Sandberg DE, Meyer-Bahlburg HFL, Yager TJ, Hensle TW, Levitt SB, Kogan
SJ, Reda EF. 1995. Gender development in boys born with hypospadias.
Psychoneuroendocrinology 20:693-709
37. Savin-Williams RC, Ream GL. 2006. Pubertal onset and sexual orientation in an
adolescent national probability sample. Archives of Sexual Behavior 35:279-86
38. Bogaert AF, Hershberger S. 1999. The relation between sexual orientation and
penile size. Archives of Sexual Behavior 28:213-21
39. Ross G, Sammaritano L, Nass R, Lockshin M. 2003. Effects of Mothers’
autoimmune disease during pregnancy on learning disabilities and hand
preference in their children. Archives of Pediatric and Adolescent Medicine
157:397-402
40. Sanders G, Wright M. 1997. Sexual orientation differences in cerebral asymmetry
and in the performance of sexually dimorphic cognitive and motor tasks.
Archives of Sexual Behavior 26:463-80
41. Flannery KA, Liderman J. 1994. A test of the immunoreactive theory for the
origin of neurodevelopmental disorders in the offspring of women with
immune disorder. Cortex 30:635-45
42. Gualtieri T, Hicks RE. 1985. An immunoreactive theory of selective male
affliction. The Behavioral and Brain Sciences 8:427-41
42a Yee, N, Schwarting, EK, Fuchs, E, Wohr, M. 2012. Increased affective ultrasonic
communication during fear learning in adult male rates exposed to maternal
immune activation. Journal of Psychiatric Research 46(9):1199-1205.
43. Whitehead N. 2007. An antiboy antibody? Re-examination of the maternal
immune hypothesis. Journal of Biosocial Science 39(6):905-21
44. James WH. 2004. The cause(s) of the fraternal birth order effect in male
homosexuality. Journal of Biosocial Science 36:51-9, 61-2
45. Gooren L. 2006. The biology of human psychosexual differentiation. Hormones
and Behavior 50:589-601
46. Dessens AB, Slijper FME, Drop SLS. 2005. Gender dysphoria and gender change
in chromosomal females with congenital adrenal hyperplasia. Archives of
Sexual Behavior 34:389-97
47 Bauman, MD, Iosif, AM, Smith, SEP, Bregere, C, Amaral, DG, Patterson, PH
2014. Activation of the maternal immune system during pregnancy alters
behavioral development of rhesus monkey offspring. Biological Psychiatry
75(4),332-341
48 Sandfort, TG, Bakker, F, Schellevis, FG, Vanwesenbeeck, I 2006. Sexual
orientation and mental and physical health status: findings from a Dutch
population survey. American Journal of Public Health 96(6);1119-1125.

141

