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X chromosome One of two types
of sex chromosomes; individuals
with two X chromosomes will
usually develop into females,

Y chromosome One of two types
of sex chromosomes; individuals
with a Y chromosome wil] usually
develop into males,

karyotype A profile of
chromosome number and
appearance in the nucleus of a cell
as seen under a light microscope.

Sexual Development

The biology of sex interacts with complex environmen.tal inﬂuencesﬁtez ;t);oi?ce b ﬁflal

e I Sexf llowing discussions, we will be using the term l . IEI' to bip.
ﬂh??;tzrf . '?l]le"l‘:r:i g‘:':‘rdcg is usually applied in si!uanons :??flsrl\;oa‘:il sg:::i ;:e;:'ne d
angd personal aspects. The biological and Fxlwcr{entlﬂsa‘sv;;e;aw il ofnatur::;d
not be construed as an cither/or type nfr.hscusstlon. e In such 3 s A
nurture, our biology and experience lypicallrylmters e ey
only rarely can be compartmentalized in useful way

The Genetics of Sex

In 355 BCE, Aristotle argued that the sex of a child was thelresglnt (;)i ;Ztlf :zzs;ratur]e of
semen at the time of conception. Hot semen r.es.ultec’i in ma -es, b T sresuhted
in females. Today, we understand that an ind1v1dua1§ genetl; sc;] rfosome t e:;lc r(?_
mosomes inherited from two parents. Mothers prov1dc.edzfn lct h:': g xo( a 31811'
offspring; fathers determine the offspring’s .sex by provi 'Iiﬁg'e ol pr}czX uc-
ing a female) or a Y chromosome (producing a male). The cllnt; ; : 53 atn or
an XY genotype begins a cascade of hormonal, structural, and be av1(})lra events. These
pivotal sex chromosomes, along with the other 22 pairs of l}uman chromosomes, are
illustrated in @ Figure 10.2. This view of the chromosomes is known as a karyotype,
which is the profile of chromosome number and appearance in the nucleus of a ce]] 5
seen under a light microscope. !
In the vast majority of cases, the transmission of the sex chromosoTnes to a child
is uneventful. However, variations in sex chromosomes occur that can illuminate the
contributions of genetic sex to the adult phenotype. Sex chromosomal abnormalities
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red blood cells (which have no DNA) and sperm and egg cells (which contain only one copy from each pair of chromosomes).

[ @ Figure 10.2 The Human Genome Twenty-three pairs of chromosomes are found in the nuclei of all human body cells except

occur in about 1 out of every 426 children (Nielsen & Wohlert, 1991). Most sex chromo-
some variations produce relatively mild differences, but others are more dramatic, One
set of twins possessing the same exact karyotype had very different phenotypes. One
twin was a phenotypical male and the other twin was a phenotypical female (Maeda,
Ohno, Matsunobu, Yoshihara, & Yabe, 1991). The twins shared a mosaic karyotype
of 45,X/46,XY/47,XYY, with the number indicating the number of chromosomes in a
cell (46 is typical) and the X and Y indicating the presence of sex chromosomes within
that number. Having a mosaic karyotype means that a single individual has cells with
differing complements of chromosomes.

In comparison to genetic abnormalities such as Down syndrome, in which an
individual has three full or partial copies of the 21st chromosome, abnormalities due
0 a third sex chromosome appear to have relatively mild effects (Bender, Linden, &
Harmon, 2001). In many cases, the effects are so mild that individuals with sex chro-
Mosome abnormalities do not get diagnosed (Boyd, Loane, Garne, Khoshnood, &
Dolk, 2011). In conclusions drawn from a study of more than 13,000 newborns over
2 13-year period, Nielsen and Wohlert (1991) found that none of the children with
three sex chromosomes had intellectual disabilities and that all were in regular public
School. There were no increases in criminal activity, mental disorders, or physical dis-
Orders relative to the population with typical sex chromosomes. IQ may be reduced
4PProximately 10 to 20 points compared to siblings, but it remains within normal
fanges in most cases (Boyd et al., 2011). Out of the possible combinations of three sex
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characterized by trequem
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ing more than three sex chromosomes.
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T he impact of
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outcomes among individuals with Turner syndrome can be quite variable. For the pur-
oses of this discussion, we will examine the characteristics of classic cases of Turner
sYndrome rather than cases involving mosaicism.

Individuals with Turner syndrome have typical female external genitalia, but the
ovaries can develop abnormally into what is known as “streak gonad” due to an Increase
in connective tissue. In most cases, the ovaries do not produce either eggs (ova) or nor-
mal levels of female hormones, leading to infertility. Outward physical appearance is
relatively unaffected with two major exceptions. Women with Turner syndrome are rel-
atively short, reaching an average height of 4’ 8”, due to the absence of one SHOX gene,
which regulates long bone development (Levitsky et al., 2015). Some individuals show
webbed neck deformity, which can be surgically corrected (Lou, Konofaos, & Wallace,
2016). Intelligence is normal, but specific deficits in spatial relationships and process-
ing visual cues can occur. In one large sample, however, women with Turner syndrome
had higher educational and occupational achievement levels than typically developing
women (Gould, Bakalov, Tankersley, & Bondy, 2013). Human growth hormone, plastic
surgery, female hormone replacement therapy, and assisted reproductive technologies

can be used to address the issues of height, neck appearance, hormone production, and
fertility, respectively.

KLINEFELTER SYNDROME Klinefelter syndrome, first identified by Harry Klinefelter
in 1942, is the most common genetic abnormality related to the sex chromosomes,
occurring in 1.79 out of 1,000 male births (Morris, Alberman, Scott, & Jacobs, 2007).
Klinefelter syndrome features a 47/XXY genotype. These individuals are phenotypically
male, but they usually experience reduced fertility and require hormone treatment at
puberty to promote the development of secondary male sex characteristics (facial hair,
deeper voice, development of external genitalia) and to inhibit female characteristics
such as breast development (Nielsen, Pelsen, & Sorensen, 1988). Other symptoms
linked to having an extra X chromosome result from interference with the process of
X-inactivation, in which one X chromosome in each female cell is randomly silenced
(see Chapter 5).

Like Turner syndrome, Klinefelter syndrome is associated with normal intel-
ligence that may be marked by mild cognitive difficulties and social awkwardness
(Serensen, 2007). In cases of Klinefelter syndrome, the cognitive difficulties usually
take the form of delayed and reduced verbal skills. Left-handedness is more common
among males with Klinefelter syndrome than in the general male population. These
findings suggest that Klinefelter syndrome might affect brain lateralization or the
localization of specific functions such as language in one hemisphere or the other
(Ross et al., 2008).

47,XYY SYNDROME The existence of individuals with an 47,XYY genotype, also

referred to as Jacob syndrome, was first reported by Sandberg, Koepf, Ishiara, and

Hauschka (1961). This variation occurs in about 1 out of 1,000 male births. The

Physical and behavioral correlates of the condition are typically subtle and generally

O ot prompt the parents to seek a postnatal genetic analysis (Abramsky &

Chapple, 1997). The boys appear to be physically within typical limits, although

they tend to be somewhat taller and leaner, suffer from acne, and have a higher risk

Or minor physical abnormalities of the eye, elbow, and chest. Average 1Q scores are

slightly below the average of males with typical 46,XY genotypes (Linden, Bender,
Robinson, 1996). Language difficulties and autism spectrum disorder (ASD;

S¢e Chapter 16) are common in cases of 47, XYY (Lepage et al., 2014). Men with

the 47 xyy genotype are fertile, but they are slightly more likely than typical men

o produce sperm with sex chromosome abnormalities (Rives, Siméon, Milazzo, Klinefelter syndrome A condition
arthélémy, & Macé, 2003). XYY genotype and a higher likelihood of  cscaised by an Xxy

The Tk P een the 47, genotype and a higher likelihood o S SNgEACIetieg By
antisocia;;l:]i:)v?:;}:llr:a?;t;:n the subject of considerable debate (see ® Figure 10.4). frequent problems with fertlity,

' i - > " secondary sex characteristics, and
1 initial report suggested that XYY individuals were overrepresented in prisons verbal skills.
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( N (Casey, Segall, Street, & Blank, }1196}:’ ) The popy.
Crimes against Crimes against lar press immediately embracelccllt € dYP Olhes..s that
property 21.9% property 8.6% an extra Y chromosome wou produce a viglep,
“super male.” Men with 47,XYY do s!low a signify.
cantly higher rate of antisocial and criminal beh,y,.

Control

Scott, who had 47,XYY syndrome.

the show, Scott must fight the “natural” criminal tendencies
inherent in his genetic condition, which we know today is a

considerable oversimplification of a complex situation. LESSONS LEARNED FROM INDIVIDUALS WITH

ior than control participants (Stochholm, Bojesen,
Jensen, Juul, & Gravholt, 20}2). However, the
majority of the criminal behavior of 47,XYY mey
involves property crimes rather thfan violent crimeg
(Milunsky, 2004). Further ansjllys:s suggested that
criminal and antisocial behavior was more closey
associated with lower intelligence than with ap
atypical genotype (Re & Birkhoff, 2015). In add;.

18 males 9 males tion, compared to control POPUI?“O“S’ 47.XYY

men had fewer partners, were less likely to become

> @ Figure 10.4 The 47,XYY Male Has Been Sensationalized parents, had lower income, and were not as we]|
A series of novels by Kenneth Royce, later made into a television educated (Stochholm, Juul, & Gravholt, 2012),
show in the 1970s, featured a main character, William “Spider” These socioeconomic variables might contribute to

According to the novels and higher rates of antisocial behavior as well.

J  SEXCHROMOSOME ABNORMALITIES Investi-

gonads The internal organs,
ovaries in females and testes in
males, that produce reproductive
cells (eggs and sperm) and secrete
sex hormones.

external genitalia The external
sexual organs, including the penis
and scrotum in males and the
labia, clitoris, and lower third of
the vagina in females,

gations of abnormal complements of sex chro-
mosomes provide an interesting opportunity to observe the effects of the sex
chromosomes on brain development. Throughout the remainder of this chapter,
we will emphasize the ability of sex hormones to shape the brain and cognition, but
the sex chromosomes themselves have the ability to do this independent of their
influence on sex hormones.

Consider the fact that each gene produces a protein, which means that we can
see dose-dependent effects of a genotype on the resulting nervous system. A num-
ber of genes on the X chromosome escape X-inactivation (see Chapter 5), which
means that the relevant genes of individuals with Turner syndrome would produce
the least amount of proteins, typically developing individuals would produce mod-
erate amounts, and individuals with three or more sex chromosomes would produce
the most (Hong et al., 2014). Regions on the X chromosome that are under-expressed
are correlated with visuospatial deficits, while over-expression is correlated with ver-
bal deficits. These observations are consistent with the cognitive challenges faced
by individuals with Turner syndrome and Klinefelter syndrome, respectively. In
comparisons between individuals with Turner syndrome versus typically develop-
ing females and Klinefelter syndrome versus typically developing males, the member
of each pair with the greater number of sex chromosomes demonstrated increased
gray matter volume in the parieto-occipital region of the cortex accompanied by
c%ecreas;s in the. tem;.)oro-ins_ular area (Hong et al,, 2014), Again, this pattern of cor-
F1caI thickness is quite consistent with the characteristic cognitive challenges seen
in Turner and Klinefelter syndromes. Individuals with 47, XYY showed patterns of
brain structure that were more similar to males with Klinefelter syndrome than to

typically developing males, again supporting a dose-dependent effect of extra sex
chromosomes (Lepage et al., 2014).

Three Stages of Prenatal Development

Development of male and female reproductive stry
cesses: the development of gonads, of
vast majority of cases, all three process

. Ctures involves three distinct pro-
internal organs, and of external genitalia. In the
€s occur congruently to produce an unambiguous



maleor female.Inr A conditions known as intersex, elements of both male and female
Jevelopment occur in the same fetus.

THE DEVELOPMENT OF THE GONADS Up until the sixth gestational week, both
male and femgle embryos have identical primordial gonads that have the capacity to
Jevelop into elt.her ovaries, the female gonads, or testes, the male gonads.
At about six weeks gestation, a gene on the short arm of the Y chromosome,
own as the sex-determining region of the Y chromosome, or SRY, is expressed in
male embryos (Jager, Anvret, Hall, & Scherer, 1990). Testis-determining factor, the
rotein encoded by the SRY gene, switches on additional genes that cause the primor-
dial gonads to develop into testes. In female embryos, which lack the SRY gene and its
Jbility to produce testis-determining factor, alternate genes, including wnt4 (located
on Chromosome 1) and DAX1 (located on the X chromosome) guide the develop-
ment of the primordial gonad into ovaries (Jeays-Ward, Dandonneau, & Swain, 2004).
Chromosomally male mice genetically modified to lack the SRY gene develop ova-
ries, whereas female mice in which the SRY gene has been inserted develop testes
(Goodfellow & Lovell-Badge, 1993).

DIFFERENTIATION OF THE INTERNAL ORGANS The differentiation of the
internal organs, shown in eFigure 10.5, follows the development of the gonads.
Until about the third gestational month in humans, both male and female embryos
possess a male Wolffian system and a female Miillerian system. Advantages for this
apparent duplication are not currently understood. In males, the Wolffian system
will develop into the seminal vesicles, the vas deferens, and the prostate. In females,
the Miillerian system will develop into the uterus, the upper portion of the vagina,
and the fallopian tubes.

During the third gestational month, the male’s relatively new testes begin to secrete

two hormones, testosterone and anti-Miillerian hormone. Testosterone, one of sev-
eral types of male hormone or androgen, promotes the development of the Wolffian
tes the degeneration of the Miillerian system.

system. Anti-Miillerian hormone initia
In the female fetus, no additional hormones are needed in this stage of development.

Unlike the testes, the ovaries are not active during fetal development. In the absence
of any androgens or anti-Miillerian hormone, the Miillerian system will develop in the
typical female direction. In the absence of androgens, the Wolffian system regresses,

although nonfunctional remnants can persist in adult females. No hormone analogous

to the male anti-Miillerian hormone is needed to promote degeneration of the Wolffian

system in females.
Androgen insensitivity syndrome (AIS) disrupts the normal development of

the Wolffian system in males. In AIS, a defective gene produces abnormal androgen
receptors (Gottlieb, Pinsky, Beitel, & Trifiro, 1999). As a result, the fetus’s tissues are
f androgens. Fetuses with AIS have an XY genotype and nor-
<cended within the abdomen. The testes release androgens
sical manner, but the lack of functional androgen
 of the Wolffian system. However, anti-Miillerian

emale Miillerian system also fails to develop.
nsible for the upper two thirds of the vagina and
2 shallow vagina and no ovaries, fallopian tubes,
ith AIS are infertile, their external appearance

ce between chromosomal sex and gender
Individuals with AIS are genetic males but
ender identities. Many marry and engage

antages to female athletes, but as we
Jalities, outcomes can be highly variable.
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intersex A condition in which
elements of both male and female
development occur in the same
fetus.

ovaries Fernale gonads; the source
of ova and sex hormones.

testes Male gonads; the source of
sperm and sex hormones.

sex-determining region of the
Y chromosome (SRY) A gene
located on the short arm of the
Y chromosome that encodes for
testis-determining factor.

testis-determining factor A
protein encoded by the SRY gene
on the Y chromosome that turns
the primordial gonads into testes.

Wolffian system The internal
system that develops into seminal
vesicles, vas deferens, and the
prostate gland in males.

Miillerian system The internal
system that develops into a uterus,
fallopian tubes, and the upper two
thirds of the vagina in the absence
of anti-Miillerian hormone.

testosterone An androgen
produced primarily in the testes.

anti-Miillerian hormone A
hormone secreted by fetal testes
that causes the degeneration of
the Miillerian system.

androgen A steroid hormone that
develops and maintains typically
masculine characteristics.

androgen insensitivity syndrome
(AIS) A condition in which a
genetic male fetus lacks functional
androgen receptors, which leads
to the development of female
external genitalia and typically
female gender identity and sexual
behavior.

gender identity The sense of being
male or female, independent
of genetic sex or physical
appearance.
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P e Figure 10.6 Androgen Insensitivity Syndrome (AIS) Castor Semenya of South Africa was forced to unde’rgo "ger\der veri-
fication” after observers complained about her “masculine appearance.” Semenya’s situation remains appropriately private, but
it is very likely that she has androgen insensitivity syndrome (AIS). Model Hanne Gaby Odiele has recently disclosed that sh? has
AlS. This condition is believed to be more common among female athletes and fashion models than in the general population.

Ovidiu Hrubaru/Alamy Stock Photo

(see @ Figure 10.6). The International Olympic Committee (IOC) allows female-to-
male transgender athletes to take part in men’s competitions without restriction.
Male-to-female transgender athletes need to demonstrate testosterone levels below
a cutoff point for one year prior to Olympic competition (International Olympic
Committee [IOC], 2015). Keep in mind, however, that individuals with AIS are not

considered to be transgender.

DEVELOPMENT OF THE EXTERNAL GENITALIA The development of thz!’:l
external genitalia, illustrated in Figure 10.5, follows the differentiation of the gonads
during the sixth gestational week. The male external genitalia include the penis and
scrotum. The female external genitalia include the labia, clitoris, and outer part of the
vagina. The appearance of the external genitalia remains an important psychological
“sign” of sex, and ambiguity of the genitalia at birth is a source of significant stress
for parents (Wolfe-Christensen et al., 2012). Health care providers typically use the
Prader scale shown in e Figure 10.7 to assess the relative masculinization of the
external genitalia.

No hormonal activity is required to develop female external genitalia. However,
hormonal stimulation is essential for the development of male external genita-
lia. A particular androgen, 5-alpha-dihydrotestosterone, must be recognized
by receptor sites for the male external genitalia to develop normally. A reaction
between testosterone from the testes and the enzyme 5-alpha-reductase produces
5~alpha-dihydrotestosterone. We will see later in the chapter that the absence of
5'alpha-dihydrotestosterone leads the immature genitalia to develop in the direc-
tion of an ambiguous to female pattern.

If genetic females are exposed prenatally to excess androgens, their external
genitalia become masculinized. Congenital adrenal hyperplasia (CAH) is a recessive
heritable condition in which the fetus’s adrenal glands release elevated levels of andro-
8ens during the second trimester of pregnancy, which is also when sexual differentia-
tion fs wel] underway. Males with CAH show few observable effects related to sexual

5-alpha-dihydrotestosterone An
androgen secreted by the testes
that masculinizes the external
genitalia.

congenital adrenal hyperplasia
(CAH) A condition in which a
fetus is exposed to higher-than-
normal androgens, resulting
in masculinization of external
genitalia and some cognitive
behaviors in affected females.
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Prader stage
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in the length of the baby’s penis.
As we will see elsewhere in this chapter, prenatal

exposure to androgens has been linked to a num-
ber of behaviors, including toy choice and aggres-
siveness. Because the timing of the mini-puberty
o.v‘erlaps a period of known significant neural plas-
ticity (see Chapter 5), researchers have asked if this
androgen surge is also related to any behavioral out-
comes. Concentrations of testosterone in the urine
of m.ale infants between one and six months of age
predicted their gender-typical play behavior at age
14 months (Lamminmaiki et al., 2012). If we wish
to answer the question of whether mini-puberty
affects later behavior, it is important to separate the
resg]ts of pre- and postnatal androgen exposure,
VthC.h are likely to be positively correlated. This dis-
tinction can be achieved by comparing anogenital
distance (AGD) at birth, a sensitive marker of pre-
;lnaita.l androgen exposure, and penile growth during
indnel-sltllgert)lf. Both AGD and rate of penile growth
thref - ttfnt y predicted gender-typical play at ages
e 201?)” :)rfears (see ® Figure 10.8) (Pasterski
inﬂu.’ . Thus, ‘mlm-puberty does appear 10
ence later behavioral outcomes.



pevelopment at Puberty

The prenatal development of gonads, internal organs, and external genitalia, along wil{hI
mini-puberty, are only part of the sexual development story. At ]mhcrt)',. additiona
hormonal events lead to maturation of the genitals and the development of secondary
sex characteristics. Secondary sex characteristics include facial hair and a deeper voice
for males and wider hips and breast development for females.

TYPICAL AGE AT PUBERTY As shown in e Figure 10.9, the average age of puberty
has dropped dramatically over the past century and a half, from about 16 to nl.Joul
12 years of age (Frisch, 1983; Herman-Giddings et al., 1997). Possible explanations
for this drop in age at puberty include increased rates of childhood obesity (see
Chapter 9). Accumulation of enough body fat to support reproduction might serve
as a signal for puberty. When body fat is abnormally low, as in anorexia nervosa,
puberty is delayed.

Exposure to compounds similar to female hormones in meat and dairy products,
shampoo, plastics, and insecticides might also trigger earlier puberty. All edible tissues
from animals contain a type of estrogen, or female hormone, called estradiol, so we
can assume that humans who consume meat have always experienced some level of
exposure to outside sources of sex hormones. However, many nations, including the
United States, also permit the use of additional sex hormones to promote growth in
livestock production. Consumption of treated meat can increase exposure to estrogens
by nearly 40 percent (Aksglaede, Olsen, Serensen, & Juul, 2008). Because children are
especially sensitive to small amounts of hormone, increased exposure from external
sources is cause for concern (Aksglaede et al., 2006).

Exposure in utero to a number of endocrine disruptors, including phthalates,
diethylstilbestrol (DES), and bisphenol A (BPA), might promote earlier puberty
directly or by increasing obesity (Biro, Greenspan, & Galvez, 2012). Phthalates have
been found to advance puberty in rats (Ge et al., 2007). Phthalate exposure also appears
to reduce the likelihood that boys will play with “masculine” toys (Percy et al., 2016).
Phthalates are released into air and fluid from plastic and cosmetic products and are
found in measurable levels in most of the world’s human population (Sathyanarayana
etal,, 2008). Soy contains phytoestrogens, or estrogen-like substances, leading to con-
cerns about the effects of consuming soy on children. Consumption of soy formula
from birth is associated with epigenetic change resulting in decreased expression
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secondary sex characteristics
Characteristics related to sex
that appear at puberty, including
deepening voice and facial hair
rrowth in males and widening
flhﬂ and breast development in
females.

estrogen A steroid hormone that
develops and maintains typically
female characteristics.

estradiol An estrogen hormone
synthesized primarily in the
ovaries.

-
Mean Age at First Menstruation 1840-2000 J
P © Figure 10.9 Female Age
- at Puberty Since 1840, the
average age of puberty has
dropped from nearly 16 years
to around 12 years (Ducros,
i e K 1978). Among the possible
® explanations for this drop
¢ are increased rates of obesity
and exposure to estrogen-like
14 chemicals from foods, plastics,
¢ and insecticides.
Y,
»
13 2
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-releasing hormone
g?g:d;ll;;) lj:nh;:lmnnc Ecleascd by
the hypothalamus that stimulates
the release of luteinizing l'!ormnnc
(LH) and follicle-stimulating
hormone (FS{;) by the anterior
ituitary gland.
I'o{‘lldc-s?imulnltng I'u:n'mfmel.l i
(FSH) A hormone r:lc;scd] Y
anterior pituitary that stimulates
the development of eggs in the
ovaries and sperm in the testes.
luteinizing hormone (LH) A .
hormone released by the anterior
pituitary that signals the male
testes to produce testosterone and
that regulates the menstrual cycle
in females.
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We have pre;io(t;sly reviewed atypical cases in which the first two organizing s-alpha-reductase deficiency A
stepss anO]_Vmg the development of gonads and internal sex organs, were affected. A rare condition in which a child
Lare condition known as 5-alpha-reductase deficiency affects the last step, the mat- is born with ambiguous genitalia

observed in an extended but develops male secondary sex
) : characteristics at puberty.

gration of the male external genitalia. This condition, first
family group living in the Dominican Republic, affects a male's ability to produce the
enzyme 5-alpha-reductase. This enzyme converts testosterone into the more potent
s.alpha-dihydrotestosterone. As we saw previously, 5-alpha-dihydrotestosterone is
responsible for the masculinization of the external genitalia in the fetus. Without suf-
ficient 5-alpha-reductase, individuals are born with ambiguous external genitalia and
may be raised as females. Development of male internal sexual structures is not affected
by this condition because this process is governed by unconverted testosterone, which
is normal in these cases. At puberty, increased levels of testosterone activate the devel-
opment of secondary sex characteristics in a typical manner. In a surprising turn of
events, about 60 percent of the children with this condition who have been raised as
irls develop normal male external genitalia and take on a male gender role (Cohen-
Kettenis, 2005; Imperato-McGinley, Guerrero, Gautier, & Peterson, 1974; Imperato-
McGinley, Peterson, Gautier, & Sturla, 1979). (see @ Figure 10.10). In the Dominican
Republic, these children are referred to as the “guevedoces,” or “eggs (testes) at 127
With today’s improved access to genetic testing, individuals can be assessed in infancy,
usually leading to male sex assignment (Bertelloni et al., 2016).

(b)
® Figure 10.10 5-Alpha-Reductase Deficiency Changes External Appearance at Puberty (a) Individuals born with

(a)

S-alpha-reductase deficiency are born with ambiguous external genitalia and are usually raised as girls. This child is 8 years old.
which is unaffected by the syndrome, produces male secondary sex characteristics.

(b) At puberty, unconverted testosterone,
The male on the right is the typically developing brother of the male on the left, and the males on the left and in the center

have 5-alpha-reductase deficiency.

From Peterson, R. E., ). Imperato-McGinley,
American Journal of Medicine, 62, 174, Figs. 3 and 7.

L

T. Gautier and E. Sturla, “Male pseudohermaphroditism due to steriod 5-alpha-reductase deficiency,

——
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Chromosomes
(determined
at conception)

XX

XY

organization The permanent
effects of sex hormones on body

structures.

activation Reversible effects of sex 2.
hormones on body structures and

functions.
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|| Summary Table: Steps in Sexual

Gonads (Gestatlonal
weeks 6-8)

By 6 weeks, primordial
gonads have developed
but are undifferentiated
relative to sex.

Alternate genes
(not SRY) guide the
development of the
primordial gonads into
ovaries.

At gestational week 6,
primordial gonads
are developed but are
undifferentiated.

At gestational week

8, testes-determining
factor encoded by

the SRY gene on the ¥
chromosome stimulates
the development of
primordial gonads into
testes.

Development

Internal Structures
(Geslntlonal
weeks 9-12)

¢ Miillerian system
develops in
the absence of
androgens and anti-
Mullerian hormone.

e Primitive,
nonfunctional
Wolffian system is
retained.

¢ Testosterone
stimulates
development of the
Wolffian system.

¢ Anti-Mdllerian
hormone stimulates
the degeneration
of the Mdillerian
system.

UL

Externn! Structures

(Geslnilonal
weeks 6-12)

+ In the absence of
androgens such as
testosterone, female
external structures
develop.

o Female structures
include labia, clitoris,
and outer vagina.

o 5-alpha-reductase
converts testosterone
to 5-alpha-
dihydrotestosterone.

+ 5-alpha-
dihydrotestosterone
masculinizes the
external structures
into penis and
scrotum.

nmmuuuunruuuumnmmmuu||muumlumlm””'"""""'""“"""""'liuum
U}

Puberty
(8-16 years)

¢ Gonadotropin-
releasing hormone
(GnRH) stimulates
the release of LH
and FSH by the
pituitary.

e LH and FSH signal
the ovaries to begin
releasing estradiol,

e Gonadotropin-
releasing hormone
(GnRH) stimulates
the release of LH
and FSH by the
pituitary.

e LH and FSH
stimulate the
release of additional
testosterone by the
testes.

|| Summary Points

Sex}Jal devglopment begins with chromosomes. A person with two X chromosomes
typ]ca'lly “r}ll be female, whereas a person with an X and a Y typically will be male.
Vaqatlons in the number of sex chromosomes may lead to Turner syndrome (45,X),
Kleinfelter syndrome (47,XXY), the 47,XYY male, among other conditions. (L01)

; Testis-t‘ietermini{:g' factor turns the primordial gonads into testes. In the absence
of teshs-determmmq Fact.or and in response to activity in alternate genes such as
Wnt4 'and DAX1, ovaries will deve'lop. Prenatal androgens promote the development of
male internal organs and masculinize the external genitalia. Anti-Miillerian hormone
prevents the development of female internal organs. (L01)

3. Ar:: puberty, follicle-stimulating hormone (FSH) and luteinizing hormone (LH) promote
the release of testosterone by the testes and estradiol by the ovaries, leading to the
development of secondary sex characteristics. (L01) '

4. Variations in the. d?velopmerjt of internal organs, external genitalia, and second-

ary sex c!?aractensncs occur in androgen insensitivity syndrome, congenital adrenal

hyperplasia, and 5-alpha-reductase deficiency. (L01) ’

1.

|| Review Questions
1. What processes must occur to dev

b i elop male and female gonads, internal organs, and
What different pathways can occur in sexual development?
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struc - S
e - nes on the X and Y
The cascade of events begun by the actions of genes on the X

chromosomes is only the beginning of the story of sex and gender.

Cominued expression of genes on both X and Y chromosomes, espe-
cially in the brain, hormone effects, and epigenetics continue to push
the individual in one of many possible directions.

The Organizing Role of Sex Hormones

Sex hormones are classified as steroids, chemicals that are synthe-
sized from cholesterol in the gonads and in lesser amounts in the
adrenal glands, brain, bone, and fat cells. The chemical structure of
cholesterol and the synthesis of the major sex hormones are illus-
trated in ® Figure 10.11. Males and females both produce androgens
and estrogens, but in different amounts. Adult females produce about
10 percent of the amount of androgens produced by adult males.
Sex hormones play both organizational and activating roles in
development. In prenatal and early postnatal development, sex hor-
mones organize circuits in the brain that differ according to sex.
A classic view of organization assumes that this process produces
permanent changes in biological structures. While this may be true
much of the time, the fact that many hormonal organizing effects
are based on epigenetics raises the possibility that these changes
might be less permanent than originally thought. The organized
circuits are then activated by the sex hormones at the onset of
puberty and throughout adulthood. Activation by hormones is
reversible, although the effects of activation are constrained by the
organizational effects that occurred earlier (McCarthy & Arnold,

2011).

ORGANIZATION DURING DEVELOPMENT Sex hormones play
especially important roles at three points in early human development:
between gestational weeks 6 and 24 (prenatal development), mini-
puberty, and finally at puberty.

For males, these periods are times when testosterone levels are
particularly high. During the first part of the prenatal organizing
period, testosterone contributes to the development of the male
reproductive system, as described earlier in this chapter. During the
latter part of this period, testosterone influences both the repro-
ductive systems and the brain, which contains androgen receptors
(Hines, 2010). Estrogen receptors are also expressed in the prena-
tal brain. Estradiol plays a critical role in sexual development and
also influences apoptosis in both sexes (Wilson, Westberry, & Trout,
2011), As we will see later in this chapter, certain parts of the human
brain are sexually dimorphic, or differ between males and females
in structure and volume. These differences are likely the result
of different prenatal hormonal environments. Gray matter vol-
ume in cortical areas known to be sexually dimorphic is consistent
With individual variations in fetal testosterone levels (Lombardo

etal, 2012),
In the absence of influence by substantial amounts of prenatal

testosterone, the female brain will continue to develop by default in a female direc-
tion. As we saw earlier, the vast majority of genetic males with AIS, who are insensitive
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Cholesterol
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Progesterone
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OH

Testosterone

Aromatase

OH

Estradiol

Sex Hormones Sex hormones are steroids
derived from cholesterol. There are several
chemical reactions, indicated by the broken
arrows, that take place in the development
of progesterone from cholesterol and testos-
terone from progesterone. However, there is
only one step, aromatization, that is neces-
sary to turn testosterone into estradiol.

F @ Figure 10.11 The Synthesis of Human

y

Sexually dimorphic Structurally
different in males and females
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OF PRENATAL HORMONE ENVI-
s FEthical constraints certainly preclude
manipulation of the prenatal hormonal
| t in humans. To investigate the possible
;; . influences of the prenatal hormonal environment
\ / on outcomes in typicalindividuals, researchers have
attempted t0 identify biomarkers that are correlated
Female with prenatal exposure to hormones. For example,
20l testosterone levels in both maternal blood and
in amniotic fluid are correlated with sex-typical
al., 2009).

behavior in offspring (Auyeung et
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¢t is the relative length of the digits

MARKERS
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Prenatal Hormones
eptors are
erous on digit One possib
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L g monal environmen

4. The relationship between prenatal test
levels determines the relative lengths of the digits. With higher " i A
testosterone and lower estrogen, the hand develops in the (ﬁ'ngers) of the hand, and in partl(_:ular, the relation-
ship between the length of the index finger (2D,
and the ring finger (4D).

n and lower testosterone,
because the thumb is 1D)
Dividing the length of 2D by the length of 4D pro-

vides the 2D:4D ratio, which is determined by the
__)  prenatal ratio of testosterone to estrogens (Manning,
2011; Zheng & Cohn, 2011) (see eFigure 10.12).

otoacoustic emissions Sounds
emitted by the cochlea of
the inner ear that show sex
differences.

. Male 2D:4D ratios, particularly in the right hand,
are typically s.ma]ler than female 2D:4D ratios, although the distributions of the
ratios show wide areas of overlap (Wong & Hines, 2016). This means that the female

ratio approaching 1.0), while male index

index and ring fingers are similar in length (
fi.ngers tend to be 'shorter than ring fingers (ratio of about .955). The 2D:4D ratio sex
difference occurs in other mammals as well as humans. The 2D:4D ratio is negatively

f;rcll—;ai]lat)ec(i I—;; Lt};ts;:fr;so ?Ellll\td) anfl competitive ability in general (such as financial
g , 2015; anning, 2011). In other words, evidence of higher pre-
m}tal te.stosterone predicts better sports performance and more competitive ability.
Girls with 10\v$r 2D:4D ratios are more likely to be labeled as “tombol:;s” (Atk‘inson:
S:inulders, & V\?.llenberg, 2017). Having a low 2D:4D ratio is also linked to left-hand-
e ness'and autism spectrum disorder, and it predicts som -d i
Manning, 2011). e sex-dependent diseases
betwizeﬁ;a; :;S;’o::grfg exp_osFre alsp af:fects anogenital distance, or the distance
et B f;:iu'ta ia. This distance is twice as large in males at birth
s .(WO“ IS&C(IJ_;.reIated with prenatal testosterone levels in both
the extent of later gender-rgelated"l:es}: 2(-)16).' Anogenital distance at birth st
s ehavior in males, but not in females (Pasterski
Another potential marker for prenatal hor
:::, (»Svileegh);gttxe;n;;glil: (t:};ink sex differences arem fr?l?ll(:f;f(’?[‘s;; : oc}rilurs u} o }nﬂer
{se pable of producing its o coched oF t1° 1nm'?l'
emissions. As shown in e Figure 10.13, femal el e U e
otoacous.tic L Hesions THokiden, 195511 es pr.oduce louder and more frequent
Tl i The amouni of pren:;tal tese differences appear early in life an
estosterone exposure experienced by
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an individual (McFadden, 2011). Like the digit ratios, sex dif- [~ h
ferences in otoacoustic emissions also occur in other mammals. 14¢
Experimental man.xpulatlon of prenatal testosterone in sheep pro- S 1of [ Left Ear
duced differences in otoacoustic emissions consistent with these 2 I Right Ear
signals serving as a biomarker for prenatal testosterone exposure E g 10}
(McFadden, Pasanen, Valero, Roberts, & Lee, 2009). 8 2 I
What can we learn about sex and gender from studies about g3 Bf
finger length, anogenital distance, and sounds from the inner ear? § g 6h
Aswe will see in a later section, variations in these patterns not only g o
differentiate between males and females but also contribute to our g 4
understanding of sexual orientation. g ,
[ I -
ot 07 Females Males
The Organizing Role of Sex Chromosome
> @ Figure 10.13 Otoacoustic Emissions Differ
GEnES between Males and Females Recordings
Although developmental neuroscientists often focus on the hor- of otoacoustic emissions (OAEs) in both ears
monal influences discussed above, this isn’t the whole story (see show that females prod.uce a.hllgher number of
eFigure 10.14). Long before the embryo is producing any sex spontaneous otoacoustac.em_lssnonsh(O-Aflis) than
hormones, genes on the sex chromosomes are producing pro- males. OAEs presumablyllnd;catet e influence
teins that influence neural structure and function (Arnold & of prenatal testosterone levels.
McCarthy, 2016). Recognition of the contributions of sex chro- L 4

mosomes to brain and behavior is essential for understanding
sex differences in diseases and disorders that affect one sex more than the other,
such as autism (more common in males) and multiple sclerosis (more common in
females).

Outside of the gonads, sex chromosome effects interact with sex hormones in
complex ways to produce phenotypes (see ®Figure 10.15). In rodents, male hor-
mones act to increase body weight, whereas male sex chromosomes decrease body
weight (Arnold & McCarthy, 2016). In other words, chromosomes and hormones
can produce compensatory effects. In other cases, hormones and chromosomes

could produce synergistic effects, producing greater differences between XX and XY
containing cells.

H
i

( ™
t . XXvs. XY . ® Figure 10.14 Hormonal <
ST and Genetic Effects on
" All sex differences result Development The classic
" from X and Y imbalance view of sex development
\ e begins with the sex chromo-
\ somes, which in turn deter-
_o ; mine whether the fetus
= ;-‘ L Non-gonads develops ovaries or testes,
o .S- cau rentiation' i E\nﬁei-ljxglléxm _.-_.iA = -f i) Production of sex hormones
'Y-lin ression i
" of testes.%onadal differentation )c(1 and ngensecs) ¥ bzrtmh: ,?eor:a:j N proglruce_: either
sets up lifelong sex differences in B n* “organizing”
levels of gonadal hormones. |nf|u‘enc-es or more reversible
{EREAER “Sax “activating effects” on cells,
“Organizational o cﬁvatiopal chromosome including those in the brain.
effects” efinCts effects” Simultaneously, protein prod-
N'W‘Pme_riﬁ*awﬁen‘l sex- | Acute se;(-blasing' Sex-spacific effects ucts of genes located on the X
' differentiating effects effects of hormones i ot Xand Y genes on and Y chromosomes also influ-
! of hormones on non- on non-gonadal : non-gonadal tissues ence many types of cells, often
gonadal tissues during ' tissues throughout life interacting with hormonal
o Gevelopment . = .. . cecaliiee effects in complex ways.
- y,




sexually dimorphic nucleus of the
preoptic area (SDN-POA) A
nucleus in the preoptic area of
the hypothalamus that is larger in
male rats than in female rats.
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h Zebra Finch The gynandrornorph zebra

th male plumage and a testis, and a female
the upper right, the bird’s song control
n on the left, female side. In

0.15 A Rare Gynandromorp
omplete wi
d an ovary. In
the right, male side tha

f @ Figure 1
finch literally has a male side, ¢

side, featuring female plumage an
nucleus, stained dark, is larger on

the lower left image, the W gene (found only in bird females) is expressed only on the
left side of the brain. In the lower right image, the Z gene is expressed more on the male
side. Male birds typically have a ZZ genotype while female birds typically have a W
genotype. The differences observed reflect the importance of genetic sex independent of

hormonal effects.
_/

Sexual Dimorphism in the Brain

While acknowledging the importance of social factors in gender differences,
researchers have also observed differences in the brains and nervous systems of
males and females. As we have observed, exposure to prenatal androgens K]asculin-
izes the brain as well as the internal and external reproductive systems. What exactly
do we mean by “masculinizing” a brain or nervous system? First we.must identify
features that are sexually dimorphic, which means to display stn;ctural differences
bet\:vee'n the sexes. Second, just as we observed in the masculinization of external

gt?nltalla, masculinizing the brain would result in the male i Il
dimorphic feature. Lt e
o “1:1 r;;n:bl:eir l?ri s;:)culzgllyhdlmorphlc br_ain structures have been identified. AS
A E) e 1 -16, }: ehsexually dimorphic nucleus of the preoptic ared
g (,Gorski Gl;’lC{. e S)}/lpothalaml.ls, is much larger in male rats than in
SDN-POA reflects ;he erar(l))rr1 ’org;z?z?nz{esf?:ctth an}'hw?S)' e o
LA s of hormone exposure. In humans
gt e it o e vty
At birth, the SDN-POA of ::t;ﬁisl: er)t()i?sure i dnagensemmascl el 16 Loy
Normally, the SDN-POA of the rrifle b:niately he sapmplysinmalepgod EAEE
gins to grow rapidly during the newborn
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Corpus callosum
Lateral ventricle
Third ventricle
Hypothalamus

Optic chiasm

@ Figure 10.16 The SDN- ;
POA of the Hypothalamus
Is Sexually Dimorphic The
SDN-POA, which is believed
to be involved with sexual
behavior, is much larger in
male rats than in female
rats. This difference prob-
ably results from the male
rats’ exposure to androgens
shortly after birth.

SDN-POA

Optic chiasm

Male rat Female rat J

period. If a newborn male rat is castrated, its SDN-POA is much smaller than nor-
mal. If a newborn female rat is injected with testosterone, its SDN-POA will be
much larger than normal. Castration or injection of older animals does not change
the size of the SDN-POA, indicating that this structure responds to early hormonal
organization (Gorski, 1980). The precise function of the SDN-POA is not currently
well understood, although lesions in this area of the hypothalamus generally reduce
male sexual behavior (De Jonge et al., 1989).

The human equivalent of SDN-POA consists of a cluster of neurons in the preop-
tic area of the human hypothalamus known as the interstitial nuclei of the anterior
hypothalamus, or INAH-1 (Bao & Swaab, 2011). Three additional clusters, INAH-2,
INAH-3, and INAH-4, have been identified in the human brain. INAH-2 and INAH-3
are about twice as large in males as in females (Allen, Hines, Shryne, & Gorski, 1989).
As we will see later, there is a connection between the size of these nuclei and a male’s
sexual orientation.

Additional structural differences between male and female brains have been dis-
covered in the hypothalamus, thalamus, and in the white matter of the cerebral hemi-
spheres (Breedlove, 1992; Hsu et al., 2008). Although it is likely that some of these
differences, such as those in the hypothalamus, are related to sexual behavior, the
significance of many of these differences remains unclear. Male and female patterns

of performance on cognitive and emotional tasks might be related to some of these
observed structural differences.

Sexual dimorphism has also been observed in the spinal cords of mammals. Male
Tats have more motor neurons in a structure known as the spinal nucleus of the
bulbocavernosus (SNB) than do female rats. The male rat’s SNB motor neurons inner-
Vate the bulbocavernosus muscles of the rat’s penis. These muscles, or their equivalent,
are missing in adult female rats. Prior to the rats’ critical period of masculinization at
birth, males and females both possess these muscles and about the same number of
SNB cells (Rand & Breedlove, 1987). However, during the critical period, the low levels
ofandrogens in female rats cause the muscles and most of the SNB neurons to die.

Sex differences in rates of neurogenesis and apoptosis (see Chapter 5) probably
dccount for findings of different volumes in particular parts of the brain. Differences

interstitial nuclei of the anterior
hypothalamus A collection of
four small nuclei in the anterior
hypothalamus, two of which
(INAH-2 and INAH-3) appear to
be sexually dimorphic. The size of
INAH-3 might be associated with
male sexual orientation.

spinal nucleus of the
bulbocavernosus (SNB) Motor
neurons in the spinal cord
that innervate the male rat’s
bulbocavernosus muscles in
the penis,
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ndrogen Exposure and Play Behavior

exposed prenatally to about 2.5 times the
with CAH are expo-

sed to about half the amount of prenatal androgens as typically developing
boys or about 25 percent more than typically developing girls. Boys with CAH
are exposed to higher levels of androgens than typically developing boys, but
because prenatal androgens are very high in both cases, this seems to have
little behavioral effect. Time spent with girls’ toys () is lower in girls with CAH
than typically developing girls, but both are much higher than boys. Time
spent with boys’ toys (b) is higher in girls with CAH and typically developing
unaffected girls, but is still lower than in boys. The PSAI score (c) results from
subtracting scores for girl-typical items from boy-typical items on a 24-item
standardized measure. Higher scores reflect more male-typical behavior. '

Source: Hines (2010)

in structures such as SI?N-PQA that are
involved with reproduction appear more
likely to occuf due to dlf:ferent rates of cel]
death, while differences in structures such
as the hippocampus and ! amygdala are
more likely to result from different rates of
neurogenesis (Arnold & McCarthy, 2016),
The brain is not just sexually dimor.

hic in terms of the volume of many struc.
(ures but also in terms of synaptic density,
For example, preoptic area neurons in male
rodents have twice as many synaptic inputs
than females (Arnold & McCarthy, 2016),
which might affect the animals’ responses to
stimuli such as the odor of a potential mate,

sex Differences in Behavior

and Cognition

socialization plays a significant
male and female behavior,
but recognizing the contributions of biol-
ogy and the intricate interactions between
biology and socialization enriches rather
than diminishes our understanding of sex

and gender.

Undeniably,
role in shaping

PLAY BEHAVIOR Toy stores epitomize
either/or thinking about males and females.
Male-typical toys include cars, trucks, and
guns and the color blue while female-typical
toys include dolls, tea sets, and cosmetics
and the color pink. Neutral toys do exist,
such as books, puzzles, and crayons. While
socialization clearly plays a role in a child’s
choice of toy, what do we know about
biological contributions to play behavior?
Returning to the example of CAH
females, who experience unusually high
levels of prenatal androgens, provides
interesting insights into the effects of
biology on toy choice. Parents act as key
socializing agents early in childhood; but
parents of CAH daughters seem t0 be
even more determined than parents ©
typically developing girls to socialize their
daughters in a feminine pattern. Having
been told that their daughters are likely
to demonstrate some sex-atypical behav-
iors, parents who desire nothing but tyPi-
cal outcomes will attempt to compensaté-
D_eSPite these efforts, toy choices by girls
with CAH are significantly more likely
to be in the masculine direction than
in the feminine direction (Hines, 2010)
(see ® Figure 10.17). In a similar fashion
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S @ Figure 10.18 Sex-Typical Toy Preferences in Monkeys Young vervet monkeys show preferences for sex-typical toys in the
absence of any human-like gender socialization.

\ W,

osure as measured in maternal blood or amniotic fluid is predictive of
masculine toy interest in typically developing girls (Hines, 2010). Because the parents
of this latter set of girls have no information about their daughters’ prenatal hormone
state, it is highly unlikely that differences in socialization could account for these
results.

Children begin to prefer sex-typed toys between the ages of 12 and 18 months. At
these same ages, children are unable to match sex-typed toys (vehicles and dolls) with
male or female faces or voices, suggesting that they have not yet been socialized to
think of toys as “male” or “female” (Serbin, Poulin-Dubois, Colburne, Sen, & Eichstedt,
2001). Socialization is even Jess likely to play a role in the toy choices of monkeys (see
monkeys spend more time with wheeled toys and balls,
refer dolls, plush animals, and pots (Alexander &

androgen exp

S th.e efnd product of years of socialization. In
entity is inconsistent with his or her biological

e biological correlates of transsexuality might
dentity as a whole.

transsexuality Having a gender
identity that is inconsistent with
biological sex.
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the patterns we have already observed, females with CAH show decreased [~ /)
empathy and increased physical aggression relative to typically developing
girls (Hines, 2010). Both boys and girls with high amniotic fluid levels of ALAA I e
iestosterone or prenatal exposure o androgen medications taken by their
mothers show reduced empathy and higher levels of physical aggression. It
is important to note that not all personality dimensions that show reliable —A
differences between males and females, such as assertiveness, are related to V.
prenatal testosterone exposure,

COGNITION In a large body of research data, males (both human and

nonhuman) have been shown to have 4 slight advantage in visuospatial tasks Figure Rotation

(Kimura, 1992), whereas females have 3 slight advantage in verbal tasks

and episodic memory, or memory for events in a personal timeline (see > @ Figure 10.20 Gender Influences

Chapter 13; Herlitz, Dekhtyar, Asperholm, & Weber, 2016). Research results c.° e Wom'.m qeneplly Navee

investigating these trends within CAH females are mixed, suggesting that the Siget alvamiEge I g

organizing role of prenatal hormones plays less of a part here than in the i -Ot-)IECtS SR pun o
; ; ; . color and listing words that begin

p;ewously discussed behavioral domains, with a particular letter. Men have a
The male advantage in visuospatial skills appears early in life. However, slight advantage in visuospatial tasks,

visuospatial skills are correlated with current, not necessarily prenatal, testos- such as this figure rotation task. When

terone levels in both men and women. Older men receiving testosterone sup- asked whether the two shapes are the

plements improved their performance on spatial tasks (Janowsky, Oviatt, & same, males respond somewhat faster

Orwoll, 1994). On tests of mental figure rotations, such as the sample shown than females.

in oFigure 10.20, women received their best scores when testosterone levels L

were high and their worst scores when estrogen levels were high (Kimura &

Hampson, 1994). In contrast to performance on spatial tasks, verbal fluency

and manual dexterity in women appear to be correlated with higher levels of estro-
gens. Surprisingly, men who received testosterone supplements improved their scores
on verbal fluency tests by a factor of 20 percent (O'Connor, Archer, Hair, & Wu, 2001).
This suggests that the activating effects of current sex hormone levels interact with
existing systems in complex ways. Testosterone boosts spatial performance in both
men and women, while verbal performance was enhanced by testosterone in men and
by estrogens in women.

In one interesting exploration of the relationship of adult hormone levels to cog-
nitive performance, female-to-male and male-to-female transsexuals were evaluated
before and after cross-sex hormonal treatment (Sommer et al., 2008). Using fMRI,
both groups showed correlations between their estradiol levels with activation in

language centers and their testosterone levels with brain activation during mental
rotation tasks.

PSYCHOLOGICAL DISORDERS As we will see in Chapter 16, a number of psy-
chological disorders show big differences in prevalence rates for men and women. Two
thirds of adults wi jor depressive disorder are female, while the vast majority of

ctrum disorder, attention deficit hyperactivity disorder, and
le. The extent to which the biological differences discussed
s currently under active investigation.

male and female prenatal hormonal environments,
esting in its own right, it also forms the foundation
relates of sexual orientation.
ble pattern of attraction to members of a par-
It males and 1.5 percent of adult females
0.4 percent of men and 0.9 percent of

sexual orientation A stable pattern
of attraction to members of a
particular sex.
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women desc
Sexual orientation is not
same-sex behavior and fant
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Number of Oteacoustic Emissions (OAEs)
w
1

Homosexual Heterosexual Bisexual Homosexual

Heterosexual  Bisexual
women women

men men men women
ﬁ @ Figure 10.21 Sexual Orientation and Otoacoustic
Emissions Men typically emit lower numbers of otoacoustic
emissions (OAEs) than women, which is believed to be the
result of different exposure to prenatal testosterone. Bisexual
and homosexual males do not show different rates of OAEs
than heterosexual males, but bisexual and homosexual
women show rates that are midway between those found in

heterosexual females and men.
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od increases the size of SDN-POA in female rats and
1l engage in sexual activity with fernales as adults. We
nditions such as CAH, which involves prenatal expo-
he likelihood that women will engage in bisexual or
the majority of CAH women are heterosexual. Also,
| women do not have a history of CAH or similar

en otoacoustic emissions in men and
differences served as a biomarker of
prenatal androgen exposure. McFadden and Pasanen
(1999) measured the otoacoustic emissions of les-
bian, bisexual, and heterosexual women. As shown
in @ Figure 10.21, the rate of the emissions in lesbian
and bisexual women fell between the typical levels
for heterosexual women and for men. McFadden and
Pasanen suggested that exposure to prenatal andro-
gens may have influenced both the ear structure and
sexual orientation of the lesbian and bisexual women.

We also discussed another possible indicator
of prenatal exposure to androgens, the 2D:4D ratio.
Lesbians tended to show the more masculine pat-
tern of finger length, suggesting that they might
have experienced prenatal exposure to androgens
(Kraemer et al., 2006). As shown in e Figure 10.22
researchers do not find a systematic pattern of finger
length among homosexual men as opposed to het-
erosexual men, however,

What could initiate the differences in prenat
hormonal environments associated with homose*”
uality? One interesting clue comes from the obser-
vation that birth order matters for homosexud
men, .although this finding continues to be debate
gfg;sshlda & Rahman, 2015; Blanchard & VanderLaal
likely) oxke ::;have older brothers are slightly me'®
lings, younger si]?fexual than men who have no si
the effect size of t]hn'gs C_mly, oroldepsiders al {UF

is difference is small (Blanchard



Y Sexual Orientation 361
{
1997; Cantor, Blanchard, Paterson, & Bogaert, 2002). The protein [ ]
roducts of genes located on the Y chromosome might provoke 0.97855
the mother’s immune response, which should become greater with 0970 =]
pach successive pregnancy with a male fetus. A strong immune 0.965
response from the mother could affect her fetus's brain while not 0.960 - j
sffecting the gonads or genitals, £ 0058
Q@ 0950 -
. Q 0.945 -
Brain Structure and Sexual Orientation —
As we have seen previously, several brain structures are sexually 1

dimorphic, especially INAH-3 in the hypothalamus. Building on
these observations, Simon LeVay (1991) asked whether INAH-3
might be different in heterosexual and homosexual men. Lesions
ofINAH-3in monkeys impairs heterosexual behavior but does not
affect overall sex drive, as indicated by rates of masturbation. He
found that INAH-3 was two to three times larger in heterosexual
men than in homosexual men. The size of INAH-3 among LeVay’s
homosexual subjects was not significantly different from the size
observed in female subjects. ® Figure 10.23 shows the location of
INAH-3, as well as heterosexual and homosexual examples from

LeVay's research.
The anterior commissure, a small band of fibers connect-

- T T
Heterosexual Homosexual Heterosexual Homosexual
men men women women

@ Figure 10.22 Sexual Orientation and 2D:4D
Ratio Lower 2D:4D ratios are related to exposure
to prenatal testosterone. Heterosexual and
homosexual males do not show different 2D:4D
ratios, but the 2D:4D ratio of homosexual women
falls midway between the ratios of heterosexual
women and men, possibly indicating greater
exposure to prenatal testosterone.

Source: Data from Williams et al. (2000).

ing the two cerebral hemispheres, is also among the structures
known to be sexually dimorphic in humans. Laura Allen and

Roger Gorski (1992) reported that the size of the anterior commissure varies reliably
between homosexual and heterosexual males. Unlike the hypothalamus, the anterior
commissure has no direct role in sexual behavior. The observed differences in this
structure might simply be an additional marker like otoacoustic emissions for the

fetal hormone environment.
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(c) Homosexual Man

(a) Location of INAH-3

r ® Figure 10.23 INAH-3 Size Correlates with Sexual Orientation Simon LeVay reported that INAH-3 is smaller among

(b) is taken from a heterosexual man, whereas the micrograph in (c) is taken from a homosexual man

f—

women and homosexual men than among heterosexual men. (a) This image shows the location of INAH-3. The micrograph in
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Connecting to Research

Today, it might not seem exactly revolutionary or
earth-shattering to think that sexual orientation
has a strong biological component, but the cultural en-
vironment of 1991, when Simon LeVay published his
study on INAH-3, was different. Prior to the 1990s, the
term sexual preference was used more frequently by sci-
entists than the current term, sexual orientation.

LeVay was cautious in interpreting his results. First
of all, because INAH-3 is too small to observe in living
participants with available imaging technologies, LeVay
studied autopsied brains. This obviously prevented him
from obtaining a detailed history of his subjects’ sex-
ual behavior. The homosexual men’s medical records
documented their sexual behavior, as this was relevant
to their diagnosis of AIDS, but those of the presumed
heterosexual men did not. The study could not be ex-
tended to the sexual orientation of women, because
their medical records also lacked this information.
In addition, LeVay raised the possibility that the AIDS
condition, which affected his homosexual participants,
could have caused shrinkage of INAH-3. However, he

s iy his argument much credibility becayse
ﬁ\nlc‘fqr:-{t 3%:, fh;_ hetergsexual subje'cts with .AIDS followeq
the heterosexual male pattern. Finally, critics have sug-
gested that engaging in different types of sexual pe.
havior might influence the.swe of INAH-3. LeVay again
discounted this interpretation and suggested that the
differences he observed were more logically the result

izi renatal factors.

4 oré;:cr;lslsr;g”ﬁs type of research is quite difficult to cop,.
duct with human participants, other researchers have jn.
vestigated the correlation of brain s.tructure and sexyg|
behavior in animals. Among domestic sh.eep, 6 to 8 per-
cent of rams (males) mate exclusiv_ely with other males,
Kay Larkin and her colleagues (.Larkln, Resko, Stormshak,
Stellflug, & Roselli, 2002) studied SDN-POA (a non-pri-
mate equivalent of INAH) in rams whc? engaged in same-
sex behavior, in rams that mated with ewes (females),
and in ewes. SDN-POA in rams that engaged in same-sex
behavior was about the same size as in ewes and differed
from SDN-POA in rams that mated with ewes. These
results provide a parallel to LeVay’s findings in INAH-3.

L g

Genes and Sexual Orientation

Genetics appear to influence sexual orientation, although the exact mechanisms are not
well understood and are likely to be quite complex. It is currently unknown whether
genes can have direct effects on sexual orientation or indirect effects on prenatal
androgen environments. The chances of a homosexual male twin having a homosexual
brother are 20 to 25 percent for fraternal twins and about 50 percent for identical twins
(Kirk, Bailey, & Martin, 2000). A genome-wide analysis of 409 pairs of homosex-
ual brothers identified two regions on Chromosome 8 and the X chromosome that
appeared to predict sexual orientation (Sanders et al., 2015).

Sexual Orientation and Cognition

We previously observed that males and females differed on visuospatial tasks and ver-
bal tasks. Like the biomarkers and sexually dimorphic structures, will we see variations
in performance of these tasks based on sexual orientation? _

In one large-scale study using mental rotation tasks for assessing visuospafla]
skills, men consistently performed better than women, regardless of sexual orientation
(Peters, Manning, & Reimers, 2007) (see @ Figure 10.24). Taking sexual orientation
into account, heterosexual men outperformed homosexual men, with bisexual men
scoring between these two groups. Homosexual and bisexual women scored at about
equal levels, and both groups outperformed heterosexual women. Similar findings
were reported for the results of three tests of verbal fluency, Homosexual men outper-
formed heterosexual women, but both of these groups outperformed heterosexual men
and homosexual women, who performed at aboyt the same level (Rahman, Abrahams:
& Wilson, 2003).




