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Abstract To determine the contribution of andro-
gens to the formation of male-gender identity, we
studied male pseudohermaphrodites who had de-
creased dihydrotestosterone production due to 5a-re-
ductase deficiency. These subjects were born with fe-
male-appearing external genitalia and were raised as
girls. They have plasma testosterone levels in the high
normal range, show an excellent response to testos-
terone and are unique models for evaluating the effect
of testosterone, as compared with a female upbring-
ing, in determining gender identity. Eighteen of 38 af-

MALE pseudohermaphrodites with a deficiency
of the enzyme 5a-reductase!-® raised as girls
provide a unique opportunity for evaluation of the ef-
fects of testosterone and the sex of rearing in the deter-
mination of gender identity in man. Because of a
deficiency in the activity of this enzyme, there is
decreased in utero production of dihydrotestosterone,
which results in severe ambiguity of the external gen-
italia of the affected male fetus. Thus, at birth, many
affected infants were thought to be girls and were
raised accordingly. However, since the biosynthesis
and peripheral action of testosterone are normal, pre-
natal, neonatal and pubertal exposure to testosterone
in affected subjects proceeds normally.

At birth, the subjects have a markedly bifid scrotum
that appears labia-like. There is a clitoris-like phal-
lus and a urogenital sinus with a blind vaginal pouch.
The testes are in the abdomen, inguinal canal or scro-
tum.’* However, during puberty, under the influence
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fected subjects were unambiguously raised as girls,
yet during or after puberty, 17 of 18 changed to a
male-gender identity and 16 of 18 to a male-gender
role. Thus, exposure of the brain to normal levels of
testosterone in utero, neonatally and at puberty ap-
pears to contribute substantially to the formation of
male-gender identity. These subjects demonstrate
that in the absence of sociocultural factors that could
interrupt the natural sequence of events, the effect of
testosterone predominates, over-riding the effect of
rearing as girls. (N Engl J Med 300:1233-1237, 1979)

of normal plasma testosterone levels, definite viriliza-
tion occurs. The voice deepens, and affected subjects
develop a muscular habitus. There is substantial
growth of the phallus, and the scrotum becomes
rugated and hyperpigmented. In most subjects, the
testes descend into the scrotum if they have not al-
ready done so. There is no gynecomastia. The sub-
jects have erections, and there is an ejaculate from the
urethral orifice on the perineum. They are capable of
intromission but, because of the position of the
urethra, are incapable of insemination.!* These sub-
jects are therefore testosterone-exposed and testoster-
one-responsive boys born with female-appearing ex-
ternal genitalia and raised as girls.

MATERIALS AND METHODS

There are 38 known male pseudohermaphrodites with Sa-re-
ductase deficiency from 23 inter-related families spanning four
generations in three rural villages in the southwestern region of the
Dominican Republic. The condition is inherited as an autosomal
recessive trait.! Five of these 38 subjects have died, two in infancy
and three in adulthood. Of the remaining 33 pseudohermaphro-
dites, 25 are postpubertal, three pubertal and five prepubertal.

Historical data were obtained by interviewing affected sub-
jects in villages A and B. Other men and boys in the villages were
interviewed as controls. Parents, siblings, wives, girl friends and
neighbors of the affected subjects were interviewed when possible.
The interviews were conducted in Spanish by members of our
research group who were known to the community since 1972 and
were independently translated into English by another member of
the group. The interviews were designed to discern any sexual am-
biguity in the rearing of subjects raised as girls and to determine in
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these subjects the validity of the change to a male-gender identity
and male-gender role.* In subjects who appeared to change to a
male-gender identity and male-gender role, the manifestations of
male sexual behavior were evaluated according to four patterns of
sexual behavior differentiation described by Diamond*: sexual
gender identity, sexual patterns (sex-related behavior, which for
men includes direct aggressiveness, assertiveness, large motor ac-
tivity and occupation), sexual object of choice (the sex of the person
chosen as an erotically interesting partner) and sexual mechanisms
(the features of sexual expression over which an individual has little
control, which for men include the ability to obtain and maintain an
erection and to achieve orgasm).

Six subjects work in a hospital in Santo Domingo where a
member of the research team is affiliated. Members of the team
have made numerous trips to the community since 1972, and the
villagers are familiar with them. Six subjects and a father and sister
of one of them have been hospitalized at New York Hospital for six
tc eight weeks. Two subjects now reside in New York. Thus, we
have observed the subjects during formal interview sessions and for
long periods thereafter and have become involved with them and
their families.

Data on social practices within the villages were obtained to dis-
cern possible effects on the change in gender identity of the subjects.

REsuLTS

The interview data showed that 19 of 33 subjects
from villages A and B had been unambiguously raised
as girls (Fig. 1). Adequate postpubertal psychosexual
data were obtained from 18 of these 19 subjects. Of
the 18 subjects, 17 had successfully changed to a
male-gender identity and 16 to a male-gender role.
The 17 subjects who changed to a male-gender iden-
tity began to realize that they were different from
other girls in the village between seven and 12 years of
age, when they did not develop breasts, when their
bodies began to change in a masculine direction and
when masses were noted in the inguinal canal or
scrotum. These subjects showed self-concern over
their true gender. A male-gender identity gradually
evolved over several years as the subjects passed
through stages of no longer feeling like girls, to feeling
like men and, finally, to the conscious awareness that
they were indeed men. The change to a male-gender
role occurred either during puberty or in the post-
pubertal period, after the subjects were convinced that
they were men (male-gender identity) and were ex-
periencing sexual interest in women. The gender-role
change took place at 16 years of age, on the average,
with a range of 14 to 24 years.

The ages at which the subjects first experienced
morning erections, nocturnal emissions, masturba-
tion and sexual intercourse were not appreciably dif-

*Gender identity is defined as the sameness, unity and persistence of one's
individuality as man, woman or ambivalent, especially as the attitude is ex-
perienced in self-awareness and behavior; gender identity is the private ex-
perience of gender role.2?

Gender role is defined as everything that a person says and does, to in-
dicate to others or to the self the degree that one is either man, woman or
ambivalent. The term includes, but is not restricted to, sexual arousal and
response; gender role is the public expression of gender identity.22
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ferent between those raised as girls who changed to a
male-gender identity and those raised as boys. The
time of first sexual intercourse was 15 to 18 years of
age for subjects raised as girls, 15 to 17 years for those
raised as boys and 14 to 16 years for 20 normal male
controls in the village. The adequacy of sexual inter-
course depends on the size of the phallus and the
severity of the chordee.

Although these subjects behave unequivocally as
males, they experience certain insecurities because of
the appearance of their genitalia. They view them-
selves as incomplete persons, and this attitude sad-
dens them. They fear ridicule by members of the op-
posite sex and initially feel anxious about forming sex-
ual relations. However, 15 of 16 subjects who changed
to a male-gender role are either living with women in
common-law marriages or have lived with women in a
common-law relation. The one exception is subject 24
from village B who lives alone in the hills, where he
works as a farmer since changing to a male-gender
role at 20 years of age (Fig. 1). Three subjects are
presently living with women who have children from
previous unions. In a domestic setting, the women
take care of the household activities, while the affected
subjects work as farmers, miners or woodsmen, as do
the normal males in the town. They enjoy their role as
head of the household (see Appendix).

Subject 4 (Fig. 1) from village A changed to a male-
gender identity but continues to dress as a woman
(female-gender role). This subject has the affect and
mannerisms of a man and engages in sexual activity
with village women.

Subject 25 (Fig. 1) from village B is the only subject
affected after puberty who has maintained a female-
gender identity and female-gender role. At 16 years of
age, she “married” a man in village B who left her
after one year. She left the village, has been living
alone and working as a domestic and has not been
sexually involved with other men. She wears false
breasts, yet her build and mannerisms are masculine.
She denies any attraction to women and desires sur-
gical correction of the genitalia so that she can be a
normal woman.

In village A, postpubertal subjects 12 and 13 (Fig.
1), initially raised as girls, were reared as boys
later in childhood by their parents and have remained
men. Subject 19 from village A (Fig. 1) was raised as a
girl, despite parental knowledge that an older brother
had changed gender identity and gender role at pu-
berty, and despite the fact that two affected younger
siblings were being raised as boys. Thus, these three
subjects were not unambiguously raised as girls.
Likewise, subject 33 from village B (Fig. 1) is being
raised as a girl, despite family awareness of the situa-
tion. Subject 23 (Fig. 1), whose parents are descen-
dants of the inhabitants of village A, was born in
Santo Domingo and raised as a girl. When she was
hospitalized for a hernia at the age of 18 months, her
parents were told of her condition. When the subject
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o Figure 1. Ages in 1978 and Sex of
Rearing in 33 Male Pseudohermaph-
rodites with 5a-Reductase Deficiency

from Villages A and B.
The numbers indicate the subject
numbers mentioned in the text. Note
that the condition is now recognized
at birth or shortly thereafter in the
| younger subjects, and most of them
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was 5% years of age, the girl’s father decided to raise
her as a boy.

Thus, the subjects in villages A and B were raised
as girls, until the townspeople became aware of the
problem. The villagers now either raise the subjects
as boys from birth, rear them as boys as soon as the
problem is recognized in childhood or raise them am-
biguously as girls. Now that the villagers are familiar
with the condition, the affected children and adults
are sometimes objects of ridicule and are referred to as
guevedoce, guevote (penis at 12 years of age) or
machihembra (first woman, then man).

DiscussioN

Androgens given prenatally, postnatally or at both
stages to either female animals or male castrate
animals can induce both adult male sexual and non-
sexual behavior and can inhibit female sexual be-
havioral responses. Although the amount of andro-
gens given and the critical period for treatment differ
among species, similar effects on the development of
male sexual behavior have been obtained in the rat,’-¢
guinea pig,” mouse,® rabbit,® hamster,!® dog,!' sheep!?
and rhesus monkey.'* In addition to behavioral dif-
ferences, androgen-induced sexual differences in brain
morphology and function have been well documented
in animals.'*'® The effects of androgens on the brain
that cause sexual dimorphism in animals may be
mediated either directly by androgens (i.e., testoster-
one), by in situ aromatization of androgens to estro-
gens in the brain'® or by both mechanisms.

In man, the question of the relative influences of
hormonal factors and environmental factors in the
determination of gender identity remains unan-
swered. In 1955, the theory of sexual neutrality at
birth was proposed.2%? This theory was later broad-
ened to include knowledge that although infant boys
and girls express sexually dimorphic behavior from
birth (which may be hormonally mediated), it is not
the exclusive property of either sex but may be incor-

are being raised as boys. In the older

60 19 subjects, however, the condition was

unrecognized throughout childhood,

and they were raised unambiguously
as females.

porated into either a male-gender or female-gender
identity pattern that is acquired during various
childhood experiences (i.e., sexual identity of rear-
ing). The theory also stated that gender identity
“imprinting”’ begins by one year of age and is firmly
established by three to four years.?

To test this hypothesis, pseudohermaphrodites
were matched so that they were ‘“‘chromosomally, go-
nadally and otherwise diagnostically the same” and
were said to differ only in their sexual identity of
rearing.? The studies concluded that since the gender
identity of the individuals was concordant with the sex
of rearing and not with the chromosomal or gonadal
sex, the sex of rearing predominated in the formation
of gender identity in man. The subjects of these
studies may have been matched chromosomally and
gonadally, but they were not matched for a similar
hormonal milieu, because methods for the measure-
ment of plasma sex steroids were not available when
the studies were conducted. Thus, the issue of nature
(i.e., androgen) versus nurture (i.e., sex of rearing) in
the determination of a male-gender identity cannot be
adequately resolved in these cases. Also, in most
subjects in whom gender identity was the same
as the sex of rearing and contrary to chromosomal
and gonadal sex, castration and sex-hormone thera-
py were usually given to complement the sex of rear-
ing.20.22

This paper demonstrates that in a laissez-faire en-
vironment, when the sex of rearing is contrary to the
testosterone-mediated biologic sex, the biologic sex
prevails if the normal testosterone-induced activation
of puberty is permitted to occur. Eighteen subjects
were unambiguously raised as girls, yet despite the
female sex of rearing, 17 subjects changed to a male-
gender identity and 16 subjects to a male-gender role
during or after puberty. Intervention by a physician,
namely, reassurance, surgical correction of the exter-
nal genitalia to agree with the female sex assignment
or hormone therapy to coincide with the female sex of
rearing, did not occur. Parental attitudes during the
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course of the change involved amazement, confusion
and, finally, acceptance rather than hostility and
prevention. Social pressure, for example, embarass-
ment and possible harassment afterward by other vil-
lagers, were the major anxieties the affected boys ex-
perienced and may have caused them to hesitate in
making the change. However, the pressures were not
strong enough to prevent the change to a male-gender
role in 16 of 17 subjects who had adopted a male-
gender identity at puberty. The one subject who
retained a female-gender identity after puberty is an
exception to the phenomenon of pubertal gender-
identity change in these subjects.

Thus, it appears that the extent of androgen (i.e.,
testosterone) exposure of the brain in utero, during
the early postnatal period and at puberty has more
effect in determining male-gender identity than does
sex of rearing. This experiment of nature emphasizes
the importance of androgens, which act as induc-
ers (in utero and neonatally) and as activators (at pu-
berty), in the evolution of a male-gender identity.
This study also shows that gender identity is not
unalterably fixed in early childhood but is contin-
ually evolving, becoming fixed with the events of
puberty.

Since the evolution of a male-gender identity begins
at early puberty in subjects with 5a-reductase defi-
ciency, either prepubertal or pubertal castration with
the introduction of female hormone therapy might
abort its development.??%?* Because the time course
for the development of a male-gender identity with
puberty appears to be unique to each person, the age
at which successful interruption (i.e., castration or so-
ciocultural factors) can prevent the complete evolu-
tion of this gender identity and the change to a male-
gender role or both phenomena will undoubtedly dif-
fer for each subject.

We have recently studied a 65-year-old male pseu-
dohermaphrodite with 5a-reductase deficiency who
was born in southern Italy and raised as a girl. The
subject emigrated to the United States at 16 years of
age. Psychosexual evaluation showed that the subject
gradually changed to a male-gender identity at pu-
berty. He now has a male-gender identity but because
of family pressure has retained a female-gender role.
These observations have been reported elsewhere in
great detail (Imperato-McGinley J, Peterson RE,
Leshin M, et al: unpublished data).

In male pseudohermaphrodites with inadequate
testosterone production or action, gender identity
may be the same as the sex of rearing, which then
becomes the predominant force in this setting. These
subjects are a testimonial to the maleability of human
beings in the acquisition of gender identity but in no
way approximate the normal sequence of events.?

There are many reported male pseudohermaphro-
dites who successfully changed from female to male
gender.?-3 In many of these patients, the change oc-
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curred during adolescence. Adequate hormonal
evaluation would be important in such patients, who
also appear to challenge both the theory of the im-
mutability of gender identity after three to four years
of age and the sex of rearing as the major factor in
determining male-gender identity.

Our data show that environmental or sociocultural
factors are not solely responsible for the formation of a
male-gender identity. Androgens make a strong and
definite contribution.

We are indebted to Ms. Sara Velez, Dr. Elsa Gonzales-Robeles
and Dr. Santiago Pena for their help in collecting data from the af-
fected subjects and villagers.

APPENDIX

The Towns and Social Practices

Villages A and B are in a remote and rural area in the
southwestern section of Santo Domingo. Both villages were virtually
geographic isolates, with access only by dirt roads. However, about
20 years ago, the government paved the road to village A to bring
workers to the salt mine from a neighboring village. The access road
to village B, however, is unchanged. The population of village A is
about 5000, and the population of village B is about 2500. The
houses on the main street of the villages are constructed from wood,
with roofs made of woven palm leaves; these houses contain two
bedrooms and a living area. The other houses in the villages are
huts with only two rooms, a community bedroom and a living area;
they are constructed from sticks and have thatched roofs. In all the
houses, the kitchen is separate and located behind the house. Very
few houses have an outhouse, and even fewer have shower facilities.
The inhabitants of the towns, both adults and children, bathe in the
river.

The family unit consists of a mother and father, who have not
been married in either a legal or religious ceremony, and their off-
spring. The men earn a living either farming, mining or by chop-
ping down trees to provide fuel (carbonero activity) for cooking. The
farms are small agricultural plots and are worked individually by
the head of the household (the father) or collectively by immediate
male members of the family and other male kin. On the outskirts
of village A, there is a salt and gypsum mine. Some of the
men from the village are employed in the mine, but the majority
of miners are brought in by truck from a larger village near-
by.
The women generally do not help in the carbonero activities or in
cultivating the agricultural plots. They maintain the household,
take care of the children and cultivate small gardens in the back of
the house. Female relatives of the mother usually come over during
the day to participate in such household activities as cooking, clean-
ing, washing and babysitting. The children are taken care of by
the mother or grandmother, older sisters and other female rela-
tives.

There is definite socialization of the children according to sex.
The boys are also allowed to go naked until seven or eight years of
age. However, the girls wear underpants from the time they are
toilet trained. The boys and girls play together until they are six
years of age. Between six and 11 years of age, the children are en-
couraged to play separately according to sex. After about seven
years of age, the girls help their mothers with the household ac-
tivities, while the boys help their fathers during the planting and
harvesting season or with the carbonero activities. In gener-
al, however, the boys have more freedom to romp and play. The
girls are encouraged to stay with their mothers or play near the
house.

The New England Journal of Medicine
Downloaded from nejm.org at UC SHARED JOURNAL COLLECTION on December 28, 2014. For personal use only. No other uses without permission.
From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society. All rights reserved.



Vol. 300 No. 22

There is a primary school in the town, and the children start their
education at seven or eight years of age. Boys and girls attend
school together, with no segregation according to sex. Most of the
children, however, do not go to school either because the parents
don’t have the money to buy them books and pencils or because of
lack of parental interest. Very few children in the town attend
school beyond the third grade.

After 11 or 12 years of age, the boys seek entertainment at the
bars and attend cockfights. The girls, on the other hand, stay home
and help with household chores and only occasionally go to
the local bar to dance and socialize. In general, the girls marry
earlier, between 13 and 20 years of age, and the boys between 18
and 25. Fidelity is demanded from the women but not from the
men.

There are no laws in the town against homosexuality, but there is
strong social pressure against it, and thus it is practiced furtively in
both villages. Female prostitution also exists and is accepted as a
fact of life. The boys in the town start going to prostitutes at 14
years of age.
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