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Objective: To provide an evidence-based guideline for professionals working with XY women.
Design: Review including patient cases from a Danish fertility clinic.
Setting: University-associated scientific unit and fertility clinic.
Patient(s): Three selected cases.
Intervention(s): None.
Main Outcome Measure(s): Evaluation of etiology, diagnosis, treatment, and associated disorders in XY women.
Result(s): Many gene mutations can cause abnormal fetal development leading to androgen insensitivity syn-
drome or gonadal dysgenesis disorders. Females with these disorders have an XY karyotype but look like girls.
They are mostly diagnosed at puberty, and the condition will often lead to serious psychological problems.
Increased risk of malignancies and problems with pregnancy and infertility are other aspects that should be
considered. This guideline will aid doctors in caring for XY females.
Conclusion(s): A precise diagnosis is important, because the treatment possibilities (e.g., use of allogenic oocytes)
depend on the subgroup to which the XY female belongs. (Fertil Steril! 2010;94:105–13. "2010 by American
Society for Reproductive Medicine.)
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In humans, normal females and males are characterized by an
XX and XY karyotype, respectively. Female patients with
androgen insensitivity syndrome (AIS) and pure gonadal dys-
genesis have a pure XY karyotype. Androgen insensitivity
syndrome was first described by Morris in 1953 and was
initially termed Morris syndrome (1). Two years later Swyer
described a similar syndrome, formerly termed Swyer
syndrome and now known as pure gonadal dysgenesis (2).
Although these syndromes have been known for many years,
information is still limited. No guidance for evidence-based
recommendations is currently available for clinicians that
come across XY females. This article should be considered
as a review and guidance for gynecologists, endocrinologists,
infertility specialists, practitioners, and psychologists that
seek information about pure XY females.

GENETIC BACKGROUND AND PATHOGENESIS
In 1947 Alfred Jost claimed that female development was
a default state of the male (reviewed in Jost et al. [3]). He
stated that fertilization is followed by a stage in which the
fetus harbors both m"ullerian and wolffian ducts. The primary
sexual development was believed to be initiated by

a sex-determining genetic factor (SDF) in males or by the ab-
sence of this factor in females. Serologically detectable his-
tocompatibility-Y (H-Y) antigen (sex-specific antigen,
serologically detectable male antigen) was suggested to be
the primary inducer of testicular formation (4, 5), whereas
H-Y antigen detected by transplantation might play a role
in induction of spermatogenesis (4).

It is now believed that a female SDF does exist and that the
female is not simply a default state.

Many genes, such as SF1, LIM1, EMX2, and LHX9, act in
early establishment of gonads in both the male and female
(Fig. 1) (6–9). Normal male sexual differentiation starts
with testis development from the 6th week of fetal life (10).
The initiation of this development depends on the activation
and interaction of several genes, such as DHH, FGF9, M33,
DMRT1, AMH (antim"ullerian hormone), SRY (sex determin-
ing region Y), and SOX9 (SRY-box 9) (11–15). SOX9 is a
major candidate for the testis-inducing gene, and SRY is be-
lieved to be the SDF of males (16). SOX9 and SRYare located
on theY chromosome, and both encode proteins with a central
‘‘high mobility group’’ domain (HMG box) (17). It has been
proposed that the SRY protein binds and bends target DNA
and activates AMH (18, 19). SRY activation of AMH leads
to the degeneration of the m"ullerian ducts and thus the gener-
ation of a male. In the presence of androgens acting through
androgen receptors, thewolffian ducts develop into rete testis,
efferent ducts, epididymis, vas deferens, seminal vesicle, and
prostate (20). Disruption in this process can lead to the devel-
opment of a pure XY female (Fig. 1) (21).
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In the absence of AMH, the m"ullerian ducts develop into
the upper vagina, cervix, uterus, and oviducts, thereby gener-
ating normal female internal genitalia (Fig. 1) (20). Potential
candidates for the SDF in females are RSPO1, DAX1, and
WNT4. These genes probably interact, and other currently
unknown genes may also play a role in female phenotype
generation (22–26).

Androgen Insensitivity Syndrome
Androgen insensitivity syndrome is the result of nonfunc-
tional androgen receptor (AR). Androgen receptor belongs
to the super-family of nuclear receptors and is activated by
binding of androgens (T or dihydrotestosterone) (27). This
initiates translocation to the nucleus, where AR binds to
DNA, interacts with coregulatory proteins, and participates
in transcriptional regulation (28). Androgen receptor has
four functional domains: the N-terminal transactivation do-
main, the DNA-binding domain, and a hinge region that binds
DNA-binding domain to the C-terminal ligand-binding
domain (29). A distinctive trait of AR is the homopolymeric
stretches of amino acids in the N-terminal transactivation
domain (i.e., CAG and GGN repeats). Studies indicate that
the length of these repeats affects AR activity as a transcrip-
tional factor (30). Kennedy’s disease, Klinefelter phenotype,
and male infertility are some of the syndromes that have been
linked to length of the AR CAG repeats (31–33).

More than 300 different mutations in the AR can lead to
organ resistance to androgens (34). Information about these
mutations can be found on an International Mutation
Database at McGill University (35). Mutations are most
frequently seen in the C-terminal ligand-binding domain
(two thirds of reported mutations), and these mutations will
alter androgen binding affinity and/or the specificity of the
AR. Approximately 20% of AR mutations are located in
the DNA-binding domain, and these can lead to inability of
the AR to bind DNA and activate gene translation (34, 36).

Because the AR gene is located on the X chromosome, the
syndrome is consequently an X-linked recessive disorder
passed on from the unaffected mother, who is a carrier of the
mutatedgene. If amother carries the defective androgen recep-
tor gene on one of her X chromosomes, her risk of having
a child that carries the defective gene is 50%. Half of these
will have only oneXchromosomeand therefore express the re-
cessive disorder. A small percentage of AIS cases are due to
new, spontaneousmutations in theARgene. If there are nomu-
tations in the AR gene one could speculate that mutations in
coregulatory proteins could be the cause of disorder (37).

Depending on the degree of insensitivity to androgens, the
phenotypes will range from complete female (complete AIS)
to ambiguous genitalia (partial AIS) to infertile male (minor
AIS) (38, 39). Some males suffer from absence of androgens
due to acquired or genetically based anorchia. Because these

FIGURE 1

Embryologic development of sex organs in normal females, males, and patients with AIS and pure gonadal
dysgenesis. Significant genes are shown for each step of the process. Presence or absence of AMH is shown by
plus or minus signs, respectively.
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patients do not produce androgens they lack secondary sex
characteristics, similar to patients with complete AIS.

Pure Gonadal Dysgenesis
Various mutations in the SRY gene are believed to account for
approximately 10%–20% of all cases with pure gonadal dys-
genesis (40, 41) and result in the retaining of m"ullerian ducts
in a genetic male. Other genes, such as ZFY, SOX9, SF1,WT1,
DYZ1, and DAX1, are possible candidates in the interference
of sex determination (42, 43). In addition to pure gonadal
dysgenesis, XY females include women with mixed or partial
gonadal dysgenesis. Mixed gonadal dysgenesis is a state of
asymmetrical gonadal development. This group of patients
does not only consist of XY females: many different karyo-
types, including mosaicism 45,X/46,XY, have been reported
(44). The phenotype may be male, ambiguous, intersex, or
female, depending on the extent of mosaicism. Occasionally
an incomplete condition of gonadal dysgenesis, termed par-
tial gonadal dysgenesis, is observed (Table 1). Serologically
detectable H-Y antigen is present at a reduced concentration
or completely absent in females with pure and mixed gonadal
dysgenesis (5, 45). Further investigations are needed to deter-
mine the factors involved in the syndrome.

INCIDENCE
Pure gonadal dysgenesis and AIS are considered rare. Pure
gonadal dysgenesis syndrome occurs with a frequency of ap-
proximately 5 of 100,000 newborns (46), whereas AIS is seen
in 1–5 of 100,000 (38, 39, 47–49). Most of the patients are
first diagnosed at puberty, when they present with primary
amenorrhea. A study of 266 patients with primary amenor-
rhea showed that 3.4% were XY females (50). One could
speculate that there is a severe underdiagnosis of the condi-
tions in many countries, because the girls do not seek a doctor.
Many girls who discover vaginal hypoplasia or who do not
commence their monthly cycle will live alone in fear with
the secret. Detection of the syndrome is therefore important.

CLINICAL APPEARANCE AND DIAGNOSIS
Most patients are first diagnosed during puberty in the absence
of menarche. They seek their doctor for the evaluation of pri-
mary amenorrhea and possibly lower-abdominal pain. Thema-
jority of the girls are thin with a normal or tall stature, because
of a height gene present on the Y chromosome (51, 52). They
are prone to osteoporosis and cardiovascular diseases because
of sexual hormone deficiency (53–56). The gynecologist
should always keep in mind that these symptoms could imply
pure gonadal dysgenesis or AIS, although they are rare.

At birth and during childhood the patients are phenotypical
females despite their XY karyotype. The key to diagnose
a pure XY female is therefore to perform a karyotype analy-
sis. One needs to karyotype an extensive number of cells from
different tissues to enhance the probability of excluding mis-
diagnosis, such as mosaicism (mixed or partial gonadal dys-
genesis; Table 1, Fig. 2). XY females would not be detected
by prenatal diagnosis (chorionic villus biopsy or amniocente-
sis) because the individual would be taken as a normal male
fetus until the girl is born. In rare cases XY females are diag-
nosed at birth by performing fetal analysis that includes kar-
yotyping. Diagnosis should be performed on the basis of both
karyotype analysis and clinical appearance, which is different
in AIS and pure gonadal dysgenesis.

The specialists that diagnose the patient should be aware
that there are at least four categories of XY females: AIS
and pure, mixed, and partial gonadal dysgenesis (Table 1).
The different syndromes have many synonyms, there are
many subcategories, and the diagnosis may therefore be dif-
ficult to make. Once it is made, treatment should be initiated.

Androgen Insensitivity Syndrome
Females with AIS have female external genitalia, possibly
with clitoris hypertrophy and underdeveloped labia. All pa-
tients have a blind vagina pouch of variable length and no
uterus or fallopian tubes. The gonads are testes and located

TABLE 1
Anatomic characteristics of pure XY women.

Parameter AIS
Pure gonadal
dysgenesis

Mixed gonadal
dysgenesis

Partial gonadal
dysgenesis

Gonad
characteristics

Normal testis Bilateral dysgenetic
streak gonads – with
gonads of ovarian
stroma or gonads
of undifferentiated
stroma with either
tubules or rete
structures

One streak gonad
and one dysgenetic/
normal testis

Bilateral
dysgenetic testis

M"ullerian and/or
Wolffian ducts

Wolffian
structures

Well-developed
m"ullerian structures

M"ullerian
structures

Mix of m"ullerian
and wolffian
structures

Jorgensen. Care of XY women: a clinical guideline. Fertil Steril 2010.

Fertility and Sterility# 107



at the internal inguinal canal, intra-abdominally, or herniated
into the labia (Fig. 3A). Some patients present in early in-
fancy with bilateral inguinal or labial swellings. At puberty
they have normal breast development with underdeveloped
and pale nipples and absent or sparse pubic and axillary
hair. The female characteristics are due to the transformation
of excessive androgens to estrogens (57).

Hormone analysis (Fig. 4) will show androgen elevated to
male levels. Concentrations of sex hormone-binding globulin
are similar to that of normal females. There are many differ-
ent tests available to measure the resistance to androgens
(58), which will help clarifying the degree of AR disruption.
In one of these a synthetic androgen is given orally for 3 days,
and the serum sex hormone-binding globulin levels are mea-
sured up to 3 days later (59, 60). In patients with AIS the level

will be unaltered, in contrast to that in normal males or
females. Inhibin B and AMH levels are elevated in AIS
(61), with the latter correlating with the functioning testicular
tissue amount. A short-term hCG stimulation test can be per-
formed, and androgen levels in the blood are measured before
and after stimulation (62).

Pure Gonadal Dysgenesis
Females with pure gonadal dysgenesis have female external
genitalia, a small uterus, fallopian tubes, and streak gonads
(Fig. 3B). Most secondary sex characteristics do not develop
because of the inability of the streak gonads to produce estro-
gens and androgens at normal levels. The lack of estrogens is
responsible for the deficiency in breast development, under-
developed widening of pelvis and hips, and absence of

FIGURE 2

Gonads from an XY female with mixed gonadal dysgenesis. (A) Macroscopically the left gonad appeared
surrounded by a white tunica albuginea, whereas the right gonad appeared brownish. (B) Microscopically the left
gonad was a dysgenetic testis without germ cell production (hematoxylin and eosin stain; original magnification,
!200). (C) Microscopically the right gonad was a streak gonad with a gonadoblastoma, characterized by
numerous mitosis (arrows) (hematoxylin and eosin stain; original magnification, !200). Photograph by Jens
Fedder.
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menstruation. Small amounts of androgens are produced by
the adrenal glands, which are not affected by the syndrome.
Because of the small amount of androgens, the girls will
only grow a modest quantity of pubic hair (63–66).

Hormone analysis (Fig. 4) will show high levels of andro-
gens compared with that in normal females, but these will not
reach the normal male levels, whereas estrogens will be
absent or at a very low level. Estrogens produced by streak
gonads or gonadoblastomas, which may be present in patients
with pure gonadal dysgenesis (see malignancies), can delay
diagnosis (67, 68).

MALIGNANCIES
XY females are more likely to develop gonadal tumors than
normal females. Because pure XY women are rare, and most
have had their gonads removed, it is difficult to estimate the
cancer risk.

Androgen Insensitivity Syndrome
During childhood, malignant intratubular germ cells (carci-
noma in situ) can be identified, although these do not posses
an immediate risk of tumor development. The risk of tumor de-
velopment increases with age, and carcinoma in situ can

FIGURE 3

Histologic structure of gonads in XY females. (A) Histologic testis structure from an XY female with AIS due to an
AR defect. The patient was a homozygote for the AR mutation R615H (hematoxylin and eosin stain; original
magnification.!200). Photograph by Gorm Søndergaard. (B) Histologic structure of ovarian and undifferentiated
stroma from an XY female with pure gonadal dysgenesis (hematoxylin and eosin stain; original magnification,
!200). Photograph by Estrid Stærh Hansen.
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FIGURE 4

Comparison of hormone production in gonads from normal females, males, and patients with AIS and pure
gonadal dysgenesis. Estrogen production is shown in red, androgen in blue, and gonadotrophin in green. High
hormone production is indicated by dark colors, low by light colors. Females with pure gonadal dysgenesis
produce both estrogen and androgen.
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develop into malignant intratubular germ cell neoplasia. The
most frequent testicular tumor in AIS is seminoma. It is be-
lieved to originate from the germinal epithelium of the semi-
niferous tubules. Other tumors, such as teratoma and
testicular tubular adenoma (Sertoli cell tumor), have been
reported (69–71).

Androgen insensitivity and increased estrogen levels in tes-
tis at puberty disturb the androgen/estrogen balance and prob-
ably aid tumor development, as seen in other tissues (72–74).
Seminoma usually occurs in the late 30s to early 50s. At 25
years of age the risk of testicular cancer has been estimated
at 3.6%,which increases to 33%at 50 years of age (75). Larger
studies reveal that the risk in general may be as low as 0.8%
(76, 77). It is generally recommended to maintain the gonads
during puberty to get the assistance of their hormone produc-
tion. Postpubertal removal of gonads should be considered be-
cause of the risk for neoplasm. If the gonads are retained close
follow-up and tumor monitoring are required.

Pure Gonadal Dysgenesis
Females with pure gonadal dysgenesis have a high predispo-
sition to gonadal tumors, such as gonadoblastomas and
gonadal dysgerminomas. Gonadoblastomas consists of
germ cells and sex cord derivatives. This type of tumor is
the most common in patients with pure gonadal dysgenesis.
Some patients develop dysgerminomas that consists of
germ cells. This form coexists in approximately 50% of
patients with gonadoblastomas (78). There is inconsistency
in the reported numbers of females with pure gonadal dys-
genesis who develop tumors. Most report that tumors occur
in approximately 30% of all females with pure gonadal dys-
genesis (79–82). Some claim that the risk may be as high as
46% (83) or even 75% (67). There are some indications that
the risk increases with age (75). Because of the high risk of
neoplastic transformation, it is normally advised that the
dysgenetic gonads be surgically removed by gonadectomy
as soon as the diagnosis is made.

Malignancy Risk Factors
The gonadoblastoma locus on the Y chromosome (GBY) lies
in close proximity to the centromere. Genes like TSPY and
SRY within GBY are believed to be associated with gonado-
blastomas and gonadal dysgerminomas (84–88). A study of
XY women shows that H-Y antigen status might be of value
in determining which patients are at risk for gonadoblastomas
or dysgerminomas (89). Gravholt et al. (90) examined 114
Turner syndrome patients with Y chromosome material.
Ten of the patients decided to have their ovaries removed,
and only 1 of these had gonadoblastoma. Because the rest
of the 114 patients had no symptoms or signs of gonadoblas-
tomas at ultrasound examination, hardly more than 10% of all
the Y-positive patients developed gonadoblastomas (90). One
should keep in mind that this study cannot be directly extrap-
olated to pure XY women, because Turner women could lack
the part of the Y chromosome responsible for malignancies.
The studies on Turner women implies that only a small group
of females with Y chromosome material develop gonadal tu-

mors, and therefore every aspect should be seriously consid-
ered before removal of the gonads. It might be preferable to
keep the gonads, which can produce some of the hormones
needed by the XY woman. This would save the patient
from operational stress and unnecessary hormone treatment.

PSYCHOLOGY AND EDUCATION
Doctors have to be aware of and recognize the psychological
problems that are often associated with pure XY females. The
female patients often present with great identity problems
when they are diagnosed as genetically male at puberty.
There is often inconsistency between genetic sex, gonad
sex, and body sex. Overall most of the patients are satisfied
with their female gender and sexual function (91), even
though they are less likely to have sexual relationships and
children compared with normal females (92).

It might be difficult for the patients to explain their condi-
tion to their family, and moral support from both family
members and professionals is very important. A Danish study
shows that suicidal thoughts and psychological and psychiat-
ric counseling is more abundant among patients with disor-
ders of sex development than in normal females (92).
Giving the patients the right knowledge about their condition
could limit the risk of psychological problems and is impor-
tant for satisfactory development into adulthood. If asked,
XY females in general would like more information on their
medical and surgical background (93). The problem is that
there is not much information available about pure gonadal
dysgenesis and AIS.

Not much is known about the education and intelligence
quotient of XY females. It might be that there is no difference
compared with normal females. In Turner patients it has been
hypothesized that the absence of a locus for social cognition
on the paternally derived X chromosome can explain why
these patients are more susceptible for language and social
cognition developmental disorders (94). If this hypothesis
is true, an absence of paternally derived X chromosome
would give developmental disorders in the pure XY female
group similar to those seen in Turner girls. None of the infor-
mation currently available on the group of pure XY females
shows an increase in developmental disorders.

TREATMENT
Because XY women are rare and show a special set of prob-
lems, we find that they should be treated by particularly inter-
ested specialists. When they treat and counsel XY females,
specialists must be aware of the increased cancer risk, and
both syndromes require close follow-up. Before deciding
whether the gonads should be removed, the patient should
be consulted and every risk and side effects considered.
Because dysgerminomas are noted to be highly sensitive to
chemotherapy and radiation therapy, such treatment could
replace gonadectomy in some cases (95, 96). Roughly 75%
of all recurrences occur within 1 year of the first treatment.
It is therefore important to follow up, make regular pelvic
examinations, and check for tumors (97).
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All pure XY patients should receive continuous hormone
treatment, especially after gonadectomy. This will supple-
ment their lack of sexual hormones and, in patients with
pure gonadal dysgenesis, induce regular menarche to prevent
malignancies. Furthermore, hormones can prevent osteopo-
rosis and cardiovascular diseases (55, 56). Often, it is neces-
sary to treat XY females with larger hormone doses
compared with those used in the treatment of normal meno-
pausal women.

It is important to remember that counseling in sex and gen-
der issues is equally important as the clinical treatment of
dysgenetic gonads and malignancies. Both genetic and
psychological counseling is essential at the accurate time.
Parents should be encouraged to discuss the condition with
their child and give appropriate emotional support. Many
females with sexual genetic disorders find value in acquain-
tance with others like them and therefore seek support
groups. Both psychological and physical preparation for inti-
mate relations should take precedence.

Vaginal hypoplasia in patients with AIS can be treated in
different ways. The girl herself can perform nonsurgical pres-
sure dilation (98), whereas the semisurgical Vecchietti proce-
dure accelerates dilation. The procedure is carried out while
the patient is under anesthesia. A small plastic ball is pulled
against the vaginal area by a thread that goes from the ball
through the vaginal skin and up through the abdomen (99). If
none of these methods are considered an option, a lengthening
of the vagina can be performed by plastic surgery (100, 101).

PREGNANCY AND DELIVERY
Patients with AIS and pure gonadal dysgenesis are consid-
ered sterile, but pregnancies can be obtained in the latter
with the use of allogenic oocytes. Few cases of pregnancy
in patients with pure gonadal dysgenesis have been reported
(63–66). All pregnancies were uncomplicated, and no in-
creased frequency of abnormal fetus presentation has been
observed. Almost every pregnancy ended with cesarean
section, owing to the inability to react to prostaglandin and
oxytocin. It could be proposed that these hormone receptors
of the hypoplastic uteri may be deficient, or the cervix uteri
might lack the ability to dilate in labor (64–66). The android
pelvis could be another reason for the incapability to give
birth in a natural way. In all reported cases, healthy children
with high Apgar score were delivered.

If pregnancy is desired and the patient is considered as an
oocyte receiver, hormone treatment should be initiated. This
treatment will prepare the uterus for embryo implantation and
should be continued throughout the first third of the preg-
nancy.

CONCLUSION
Women with XY karyotype compose a very heterogeneous
group. Females with pure gonadal dysgenesis express dysge-
netic ovaries, whereas AIS is based on an AR defect, and such
patients have testicles.

Despite many similarities, the different XY female sub-
groups should be treated in different ways. Women with
pure ormixedgonadal dysgenesis have a uterus and can, unlike
females with AIS, obtain pregnancy using allogenic oocytes.

Recommendations in this article are based on our medical
knowledge, and we highlight the importance of evaluating
each individual patient and finding the optimal treatment.
Many questions regarding genetic background, clinical com-
plications, and treatment of XY females still remain unan-
swered. Future studies will provide more knowledge and
improved treatment.
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