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Purpose: The purpose of this study is to summarize new data on etiology and clinical features of Klinefelter

syndrome in order to derive research priorities. Methods: This study was conducted using critical reviews of

selective topics, emphasizing less well-recognized clinical findings. Results And Conclusions: The phenotype of

the prototypic 47,XXY case is well recognized: seminiferous tubule dysgenesis and androgen deficiency. Less well

appreciated is the varied expressivity of 47,XXY Klinefelter syndrome, in particular neurological/cognitive pertur-

bations like language and behavioral problems. Effective therapies are available. Reproductive technologies allow

47,XXY men to sire offspring through intracytoplasmic sperm injection (ICSI); however, genetic counseling is

complex and success is low. Behavioral and expressive language difficulties are amenable to treatment by

androgen therapy and psychological help. Early treatment may be imperative for optimal outcome. Genet Med
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Klinefelter syndrome occurs in approximately 1.20 per 1000
liveborn male births, based on pooled neonatal surveys1; how-
ever, diagnosis is not oftenmade at birth,making the condition
appear relatively rare clinically. The phenotype of the proto-
typic 47,XXY case is well recognized: seminiferous tubule dys-
genesis and androgen deficiency. Less well appreciated is the
varied expressivity of 47,XXY Klinefelter syndromes in partic-
ular neurological/cognitive perturbations like language and
behavioral problems. Only 10% of XXY boys are diagnosed
prenatally, with another 25% diagnosed during childhood or
adulthood.2 The discrepancy between newborn prevalences
and those identified prenatally or during childhood implies
many undiagnosed cases. Almost two thirds of affected indi-

viduals might fail to be identified. If so, any effective treatment
would be delayed. In particular, early treatment of learning
disabilities and androgen deficiencymay be imperative for op-
timal outcome.
To address gaps in information onKlinefelter syndrome, the

National Institutes of Health sponsored a meeting, cospon-
sored in part byMarch ofDimes andKlinefelter Syndrome and
Associates. Goals were stated by comoderators Joe Leigh Simp-
son (Baylor College of Medicine, Houston, Texas), Felix de la
Cruz (NICHD, Bethesda, Maryland) and Melissa Aylstock
(Klinefelter Syndrome and Associates, Roseville, California):

● Summarize current knowledge concerning the cytoge-
netic basis of Klinefelter syndrome, including parental or-
igin and role X-inactivation plays in the variable
phenotypes.

● Summarize the spectrum of clinical features in 47,XXY
and variant forms of Klinefelter syndrome (48,XXXY;
48,XXYY; 49,XXXXY): reproductive, structural (somat-
ic), neurological/cognitive/behavioral (learning and lan-
guage disabilities).

● Update current management options for hormone defi-
ciency, infertility, and neurological/behavioral problems.

● Enumerate the genetic counseling dilemmas that arise
fromdetection of Klinefelter syndrome in utero (e.g., am-
niocentesis or chorionic villus sampling formaternal age)
and from ability of Klinefelter syndrome men now to sire
pregnancies through intracytoplasmic sperm injection
(ICSI) and in vitro fertilization (IVF).
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● Prioritize basic and clinical research initiatives that
should be undertaken. The purpose of this contribution is
first to summarize data originally presented at the above
mentioned conference. Thereafter, we enumerate con-
sensus conclusions reached by participants after subse-
quent reflection and discussion. Research priorities thus
generated by the group are offered for consideration.

CYTOGENETIC ORIGIN AND MOLECULAR
PATHOGENESIS

Terry Hassold (Case Western Reserve, Cleveland, Ohio) re-
viewed the cytogenetic origin of trisomies in general and
47,XXY in particular. DNA polymorphisms have been used to
investigate the parental andmeiotic stage of origin of over 1000
autosomal and sex chromosome trisomies.3 For autosomal tri-
somies, maternal errors predominate, accounting for nearly
95% of cases. Of these, over 75% are compatible withmeiosis I
nondisjunction, making this the single most common cause of
autosomal trisomies.
In contrast, the origin of 47,XXY is more complicated. Pa-

ternal meiosis I errors (leading to 47,XMXPY) are extremely
common, accounting for 50% of cases (XM,X of maternal ori-
gin; XP,X of paternal origin). The origin of maternally derived
cases (47,XMXMY) is also variable; approximately 48% are due
to meiosis I errors, 29% to meiosis II errors, 7% to meiotic
origins in which the specific stage is unknown, and 16% to
postzygotic mitotic errors.4

The relationship between parental age and these different
cytogenetic origins of 47,XXY is complex. Consistent with au-
tosomal trisomies, there is no obvious increase in the age of the
father among paternally derived cases. Among the maternally
derived cases, an association exists with increasing maternal
age; however, the effect is limited to the subset of cases origi-
nating at meiosis I. Cases originating at maternal meiosis II
appear to be maternal age-independent.4 Although we still
know little of themolecular basis of autosomal trisomies, stud-
ies indicate an association between altered genetic recombina-
tion and nondisjunction.3 Recent studies of sex chromosome
trisomies indicate that this relationship holds for 47,XXY as
well. Failure of the paternal X and Y chromosomes to recom-
bine in the XpYp pseudoautosomal region appears to be the
leading cause of cases of 47,XMXPY. Approximately two-thirds
of paternally derived cases are attributable to these so-called
“achiasmate” meioses.4 Failure to recombine is also important
in the genesis of 47,XMXMYcases. Thomas et al.5 estimated that
approximately 25% of these cases involve maternal meioses in
which the two X chromosomes fail to pair and/or recombine
with each other. However, Thomas et al.5 also observed an-
other, curiously, abnormality of recombination in maternally
derived cases. A small proportion of cases appeared to recom-
bine at, or extremely close to, the centromere—normally a
“dead” spot for recombination. This type of abnormality has
not been observed for other human trisomies and may well be
a novelmechanism of nondisjunction that is restricted to the X
chromosomes.

In poly-X Klinefelter syndrome (48,XXXY; 49,XXXXY), the
additional sex chromosomes almost always arise from a single
parent, usually the mother.6 48,XXYY cases are all paternal in
origin. Successive meiotic or sequential meiotic and mitotic
errors are presumed to be the cytological mechanism.
Biological basis of 47,XXY was explored by Hunt Willard

(Case Western Reserve, Cleveland, Ohio). The general as-
sumption has long been that the adverse phenotype reflects
those genes on theX chromosomes in excess of one that are not
inactivated. Willard and Carrel are determining which of the
approximately 2000 genes outside four pseudoautosomal re-
gions of the humanX chromosome escape inactivation. Of 275
genes studied, only 3 on the X long arm escaped inactivation.7

This contrasts with almost 40 on the X short arm; thus, the X
short arm is likely to be the region in which genes relevant to
Klinefelter syndrome are located. The number of pivotal genes
is unclear, but a useful analogy might be drawn from trisomy
21. In trisomy 21, somewhat over 200 genes have been local-
ized, and in 1982 perhaps 50 to 100 were believed involved in
the trisomic phenotype.8 It would be logical to assume that
given sequencing of chromosome 21, this number would be
higher. However, no updated estimate seems to have been of-
fered.9 Given that the trisomy 21 phenotype is more severe
than 47,XXY, it could be reasoned that the number of genes
responsible for 47,XXY is fewer.

GONADAL AND HORMONAL DYSFUNCTION

Temporal development of hormonal and spermatogenic ab-
normalities was considered by several speakers. Neils Skakke-
baek (National University Hospital of Denmark, Copenhagen,
Denmark) reviewed findings indicating that in Klinefelter syn-
drome, testicular histology is normal or near normal in early
infancy, only to show progressive loss of germ cells throughout
childhood. Seminiferous tubules and Sertoli cells persist at
least until puberty; however, during pubertal development
Sertoli cells engulf apoptotic germ cells, resulting in the demise
of tubules and subsequent hyalinization. Decades ago Skakke-
baek showed that a few tubules escape this process, yielding
two types of Sertoli cells: Type A, which are sex chromatin
negative, and Type B, which are more often sex chromatin
positive.10,11 A marker of this apoptotic process is inhibin B,
levels of which are normal or only slightly increased during
childhood, but unmeasurable in adults.12 In normal boys, in-
hibin-B peaks postnatally.12 Inhibin B may thus serve as a lon-
gitudinal marker for Sertoli cell function/apoptosis in individ-
uals with Klinefelter syndrome.
Wael Salameh (Harbor-UCLA, Torrance, California) pre-

sented histological observations in agreement with the conclu-
sions of Skakkebaek. Near complete depletion of germ cells is
observed inmenwith Klinefelter syndrome, despite their pres-
ence earlier in life. Given the above, the pivotal questions can
be enumerated: (1) Is germ cell failure due to an XXY Sertoli
cell or to an XXY germ cell? (2)What gene(s) existing on the X
chromosome in increased dose (i.e., not inactivated) cause
germ cell failure in XXY?
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Whether germ cell and Leydig cell defects in Klinefelter syn-
drome are somatic or germ cell in origin was considered by Ro-
naldSwerdloff (Harbor-UCLA,Torrance,California).Thisgroup
has utilized a murine model of sex chromosome aneuploidy to
study testicular development in XXYmice.13 These animals were
generated by injection of XY embryonic stem cells into XX blas-
tocysts. Resulting female chimeraswerematedwithXYmales and
the offspring screened by Southern blotting and FISH (X and Y
specific probes) to detect the XXY offspring. The resulting four
XXYadultmalemice showedcompleteabsenceofgermcells,with
hypertrophic and hyperplastic Leydig cells; testes size was mark-
edly decreased. However, testicular testosterone levels were not
different between control (XY) and XXY mice. Sertoli cells in
adult animals were not always normal; nests of abnormal cells
showing scanty cytoplasm and irregularly shaped nuclei were ob-
served. By electron microscopy, Leydig cells were increased in
number and showed hypertrophy with increased smooth endo-
plasmic reticulum. The precise reproductive and hormonal se-
quelae of these findings are not known.
When temporally did testicular abnormalities arise in the

XXYmice? Normal germ cells were seen in the animals at ages
1, 3, and 5 days; however, by Day 7, decreased germ cell num-
ber and testis size were observed. By Day 10, germ cell number
was only 10% that of control animals. Germ cell damage was
associated with positive TUNEL (terminal deoxynucleotidyl
transferase (TdT)–mediated dUTP nick end labeling) staining,
indicating loss of germ cells by apoptosis. Investigations to
determine the chromosomal complement of Sertoli cells and
germ cells in both immature and adult animals will be needed
to characterize the pathogenesis of Klinefelter syndrome.
Paralleling testicular histological findings are hormonal find-

ings in XXY humans. Pituitary gonadotropins are elevated and
hyperresponsive to GnRH stimulation. Testicular responsiveness
to hCG is decreased, as exemplified by decreased steroidogenesis
with a block of steroid 17–20 lyase. Despite decreased steroido-
genesis, Leydig cell hyperplasia occurs and the frequency of tu-
mors is increased. These features are shared with other forms of
testicular injury (irradiation, vitamin A deficiency, cryptorchid-
ism). If gonadotropinswere elevated,onewouldexpect endorgan
hormones (testosterone) to be decreased. Yet Wael Salameh
(Harbor-UCLA, Torrance, California) observed that at least 50%
of late adolescent and early adultmaleswithKlinefelter syndrome
showserumtestosteroneconcentrationswithin thenormal range.
Even if serum testosterone levels are normal, serum LH and FSH
are almost universally elevated. It is not clear whether this situa-
tion is representative of compensated hypergonadotropic hypo-
gonadism, in which serum testosterone levels are normalized at
the expense of elevated gonadotropins, or whether it is due to
partial androgen resistance.
Some Klinefelter syndrome males appear to undergo pubertal

and secondary sexual development normally. Yet early hormonal
treatmentmay still be desirable. It has beenproposed that admin-
istering testosterone in the first two to three months of life or
treatment of preadolescentKSboysmight result in theKSpheno-
type becoming more normalized, thus enhancing male gender
social interaction.Options for testosterone therapy include trans-

dermal gels, patches, oral testosterone preparations, and in-
jectables. The optimal regime is unclear, and Swerdloff empha-
sized thedifficulty inconductingplacebo-controlled studieswhen
many patients are already convinced that treatment may be ben-
eficial. Data are especially inadequate to determine the benefit of
androgen administration on cognitive and behavioral parame-
ters, a topic to be considered below. The appropriate androgen
substitution for preadolescent boys with Klinefelter syndrome
(KS) remains to be determined.
Psychosexual issues were addressed by Heino Meyer-Bahl-

burg (Columbia University, New York). Hypogonadism-re-
lated problems of sexual functioning in men with the karyo-
type 47,XXY and its variants are well documented and can be
treated quite effectively by androgen replacement therapy. Less
clear is the significance of case reports14–18 describing variants
in psychosexual development; in the absence of genuine pop-
ulation-based studies, meaningful conclusions cannot be
drawn concerning whether these abnormalities are seen more
commonly than in the general population.
Similarly,bothobservationsof the47,XXYchromosomal com-

plement as well as published indications of decreased androgeni-
zation in later fetal development (lowered cord-blood testoster-
one levels and reduced penis size at birth) suggest the plausibility
that disturbances could exist in basic processes underlying sexual
differentiationofbrainand,hence, behavior.These are likely tobe
modified further by difficulties in motor and language develop-
ment and later language-based learning disabilities. Social inter-
action skills are complex and further affectedby incomplete phys-
ical maturation and its psychological consequences in the
untreated adolescent and adult hypogonadal male.
Existing clinical impressions concerning these problems are

colored by uncertainties and biases of ascertainment. Surveys
or case-control studies are needed to determine if paraphilias
and gender identity disorders are truly increased among KS
men. Rigorous assessment methods should be based on well-
developed contemporary diagnostic systems, such as theDSM-
IV-TR. Given the lack of systematic surveys of (nonsexual)
psychiatric disorders in KS men, and the possible comorbidity
of psychiatric and sexual disorders, a combination of the two
types of surveys would be particularly useful. Also needed are
comparative surveys regarding the effectiveness of various psy-
chosocial and/or psychopharmacological treatments used in
KSmenwith paraphilias. Such studies should specifically focus
on the role of testosterone replacement or testosterone sup-
pression in the treatment of KS with paraphilias.
Given the need for medical, mental-health, and educational

services for KSmen in general, and given the reported barriers to
utilizationof such services by the general homosexual population,
a needs assessment survey of homosexual men with KS would be
an important step toward improving service delivery to this
subgroup.

SOMATIC ANOMALIES

Frequency of somatic anomalies in 47,XXY, 48,XXYY,
48,XXXY, and 49,XXXXY was reviewed by Dr. John Graham

Simpson et al.

462 Genetics IN Medicine



(Cedars-Sinai Medical Center–UCLA, Los Angeles, Califor-
nia) and by Dr. Judith Hall (U. British Columbia, Vancouver,
British Columbia). Both speakers concluded that there is no
characteristic XXY phenotype at birth—reproductive or so-
matic. At birth, a small penis may furnish a clue to the diagno-
sis, but otherwise reproductive organs are normal. Dr. Alan
Rogol (U. Virginia, Charlottesville, VA) pointed out the KS
child may be born with a smaller than average penis, yet still
not meet the definition of a so-called micropenis. Still, such
infants might respond to testosterone, perhaps administered
during the physiological “mini-puberty” observed normally
around age 3months. In the prepubertal years, XXYKlinefelter
syndrome childrenmay be impossible to distinguish physically
from XY children, but often recognizable by their cognitive
and behavioral problems.
Klinefelter syndrome infants give many the impression of

midfacial hypoplasia and relatively small head in proportion to
their tall stature with long legs. Other somatic anomalies in-
clude narrow shoulders (2-cm decrease), broad hips (1-cm in-
crease), scoliosis and kyphosis secondary to ligament laxity (S-
curve), cervical ribs, anomalous ribs, sacralization of the last
lumbar vertebrae, pectus carinatum or pectus excavatum, pes
planus, decreased width (25%) between the wrist and the el-
bow, anomalous 5th toe and 5th finger clinodactyly. Mean
height is at the 75th percentile. Span is 7 cm greater than the
height, and XXYmen have relatively longer legs.More detailed
descriptions are provided by Visootsak et al.19

In poly X-Klinefelter syndrome, the phenotype progres-
sively deviates from normal as the number of X chromosomes
increases.19 In XXXY and XXXXY, the frequency of almost any
given somatic anomaly is increased compared to XXY. Radio-
ulnar synostoses are the sentinel marker, becoming more fre-
quent and more pronounced as number of X chromosomes
increases. In XXY subjects, the distance between radius and
ulna is narrowed, whereas radio-ulnar fusion is increasingly
observed in XXXY and XXXXY. Height decreases as the num-
ber of X chromosomes increase.19

The XXYY variant is not infrequently ascertained in mental
hospitals and penal settings. Again, cytogenetic origin is from a
single parent. XXYY individuals are often tall, having long legs
and eunuchoid proportions. Peripheral vascular disease is es-
pecially frequent compared to XXY, andXXYYmales also have
a small penis. It is unclear if the increased criminality reflects a
basic behavioral defect or is a secondary phenomenon due to
impulsive behavior caused by the inability to respond verbally
(see next section). Either could be confounded by tall stature,
whichmight increase the likelihood of incarceration given fear
of authorities. Several speakers have since published detailed
reviews, namely Samango-Sprouse20 and Geschwind et al.21

IQ AND LANGUAGE DEVELOPMENT

Neurocognitive development and language were reviewed
by Bonnie Brinton (Brigham Young University, Provo, Utah),
Carole Samango-Sprouse (George Washington University,
Washington, DC), Dan Geschwind (UCLA School of Medi-

cine, Los Angeles, California), and finally, Kyle Boone and Po
Lu (Harbor-UCLA, Torrance, California).
In overviews, Samango-Sprouse and Brinton first con-

cluded that insufficient IQ and language studies exist in
Klinefelter syndrome; few studies are genuinely prospective.
Most studies are descriptive and relatively few are even case
control in design. Sample sizes are generally small. Another
major pitfall is that prenatally diagnosed and treated boys are
not separated frompostnatally diagnosed childrenwho are not
treated, nor were family members always studied for compar-
ison. In adolescent and older XXY males, use of hormones is
not taken into account. Relatively few psychosocial studies
have been conducted in the last decade.20–25 Fewer still involve
a cohort ascertained in an unbiased fashion and even these
cases pose questions concerning representativeness.
The longest standing cohort is the Denver Study of Sex

Chromosomal Abnormalities. This cohort began in 1964 with
ascertainment through sex chromatin analysis of amniotic
membranes and confirmation of full chromosomal comple-
ment through peripheral blood analysis. Many psychosocial
investigations on this cohort have been reported.24–28 In 1995,
Bender et al.25 provided information based on 11 47,XXYmen,
then 27.7 � 2.76 years old. Verbal IQ (VIQ) was 90.1, perfor-
mance IQ (PIQ) 94.9;mean years of educationwere 12.8 years.
Although within the normal range, intellectual function was
significantly different from sibling controls. All but one
47,XXY male was employed. However, none of the 47,XXY
men were professionals, whereas 3 of 16 siblings had profes-
sional jobs; 4 of the 11 Klinefelter syndrome men were in
“skilled positions,” compared to 6 of 16 siblings. This Denver
group emphasized that 47,XXY individuals generally fall
within the normal range, albeit skewed to lower IQ compared
to euploid siblings.25

At Harbor-UCLA Medical Center, 35 Klinefelter syndrome
adolescents and adults (aged 16 to 61) self- or physician-re-
ferred for endocrinological assessment and management of
hypogonadism and/or infertility were evaluated. A compre-
hensive neuropsychological battery was performed, and com-
pared to 22 controls selected from the self- or physician-re-
ferred patients who presented to a university hospital clinical
care. The Klinefelter patients scored significantly below con-
trols in language skills, verbal processing speed, verbal and
nonverbal executive abilities, andmotor dexterity, as reviewed
in detail by Geschwind et al.21 Within the Klinefelter sample
three subgroups were identified: One group (N � 10) had de-
creased verbal abilities in comparison to performance abilities
(VIQ 7 or more points below PIQ). A second group (N � 12)
had verbal abilities within 6 points of the PIQ. In a third group
(N � 12) the perceptual ability IQ was 7 or more points less
than VIQ. Deficits in language, verbal processing speed, and
verbal executive skills were restricted to the lower VIQ sub-
group, whereas abnormalities in motor dexterity and nonver-
bal executive skills were confined to the lower PIQ subgroup.
Older agewas significantly correlatedwith increasedVIQ, rais-
ing the intriguing possibility that the lower PIQ subgroup pri-
marily emerges in young adulthood. Correlative studies on
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cognition and brain imaging are being performed by this
group, the hypothesis being altered left-hemisphere functions
in Klinefelter syndrome.21

Samango-Sprouse’s data are derived from prenatally ascer-
tained cases.20 Her cohort consists of 60 XXY boys, from an
upper middle class socioeconomic population; 90% of their
parents had college or higher education, and these parents wit-
tingly had their XXY child despite having had the opportunity
to terminate in utero. Thus, parental concern and ability to
expend resources can be assumed. In the study of Samango-
Sprouse,20 comprehensive neurodevelopmental assessments
were conducted from 2 months through 7 years of age. The
following conclusions have been derived. (1) Truncal hypoto-
nia was present in 68% of the Klinefelter syndrome boys at
threemonths of age; 15% to 20%had flattened occipital region
and diminished contralateral range of motion in the neck
(pseudotorticollis). Mean age at walking was 12 months. Def-
icits in organization and planning were noted in infants and
toddlers having truncal hypotonia; avoidance of textured
foodswas characteristic of some children. (2)Mean IQwas 110
in this sample, with only 5% showing IQ in the superior range.
(3) Speech delay was evident by 12 months. Standardized test-
ing revealed reduction in phoneme development and difficulty
with coordinating oral facial musculature, specifically lip and
tonguemovement. Speech delaywas further defined by limited
expressive vocabulary skills and limited expressive language
processing. The overall result was increased risk for social in-
teractive difficulties and peer interaction disturbances. (4) Dif-
ferences existed in sensory processing, XXY infants preferring
visual processing over auditory processing. Their parents de-
scribed sensory dysfunction in a subset of cases. There was a
tendency for gaze aversion and avoidance with overstimula-
tion. Short-term auditory memory was poor, despite above
average visual memory skill. Studying samples ascertained in
different ways, other groups have arrived at similar
conclusions.22–29

Conference attendees have discussed the proposed thesis of
Samango-Sprouse and reached consensus on several tenets:

1. XXY infants show decreased truncal muscle tone and
atypical gross motor skills, as shown by Samango-
Sprouse.20 Mean age of walking is typically 12 months
with therapeutic intervention. Without therapy, mean
age of walking is 18 months.

2. IQ is in the normal range, but shifted to the left (lower).
Mean IQ for both VIQ and PIQ is usually in the low 90s
to 100. KS adults are typically employed but relatively less
likely to hold professional positions than their euploid
siblings.

3. Klinefelter syndrome is increasingly recognized as a com-
mon cause of mental retardation, comparable to fragile
X. For example, Youings et al.30 surveyed boys aged 5 to
10 years in English special education schools and found a
prevalence of full mutation FRAXA of 1 in 5,530, and the
prevalence of FRAXE of 1 in 23,423; however, most had
been previously diagnosed. In another study, Khalifa et

al.31 studied 670 prepubertal males initially surveyed to
detect FRAX and found FRAXA in 8 boys, but in 3 of
them other family members were already known. Yet 8
Klinefelter syndrome cases were detected (1.2%), and in
none had the diagnosis been previously suspected.

4. Language skills are delayed, with first words spoken
around 18 to 24months versus 12months normally. De-
layed speech and language development persists during
childhood, with word finding a special problem.29 Diffi-
culty exists in formulating sentence structure and in pro-
ducing coherent narratives. Deficits exist in comprehen-
sion when language is complex or abstract; thus, written
text and language processing as related to reading or
composition is impeded.

5. Demeanor is passive. This makes perplexing the para-
doxical behavioral outbursts observed with increasing
age. Presumably this reflects frustration at being unable
to cope verbally in socially vexing circumstances.

Jay Giedd (NIH, Bethesda, Maryland) discussed MRI find-
ings that relate to these points. The brain of an XXY male is
generally smaller than that of an XY male. A decrease in tem-
poral lobe size may exist, coupled with a possible increase in
the occipital region. This would be consistent with decreased
auditory and increased visual receptivity, in turn leading to
obtunded oral language skills. Geschwind et al.21 are also con-
ducting CNS visualization correlations.
Speech delay and decreased verbal IQ characteristic of XXY

is more pronounced in XXXY than in XXY, again predomi-
nantly involving language expression. Findings are further in-
creased in XXXXY, both in magnitude and frequency. IQ is
decreased approximately 15 points per additional X chromo-
some. In 48,XXYY, IQ is usually 60 to 80.
Valuable perspectives were provided from several highly in-

formed “consumers”: Melissa Aylstock (Roseville, California),
Sherryl Belinsky (South Riding, Virginia), andDennis Kearney
(Suizun, California). These three speakers presented the per-
spective of, respectively, parents of a young adult with XXY,
parents with a preschool child with XXY, and an adult male
who himself is 47,XXY. The three speakers presented their per-
sonal experience with 47,XXY and, in particular, the conse-
quences of delayed diagnosis. One speaker voiced frustration
at the school system attributing learning disabilities in XXY to
“poor parenting.”11 Another emphasized continuing frustra-
tion with language difficulties.

ADULT-ONSET DISORDERS

Considerable information exist on Klinefelter syndrome,
however, population based studies are lacking. Ronald Swerd-
loff (Harbor-UCLA, Torrance, California) has studied in detail
more than 100 47,XXY subjects, ascertained in a university
medical clinic. Data will soon be published detailing the prev-
alence of various signs and symptoms in adolescent and adult
men with Klinefelter syndrome. Adrian S. Dobs (Johns Hop-
kins University, Baltimore, Maryland) reviewed available
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knowledge concerning nonreproductive, adult onset, disor-
ders in Klinefelter syndrome. Dr. Dobs first commented that
autoimmune pathogenesis seems influenced by chronic estro-
gen stimulation. Not surprisingly then, the prevalence of auto-
immune diseases is increased in Klinefelter syndrome com-
pared to 46,XY men. Diabetes mellitus is increased, Type I
presumably because of its association with autoimmune dis-
ease and Type II perhaps secondary to abdominal obesity; in-
sulin resistance is also often seen in male hypogonadism, re-
gardless of etiology. There is no evidence that testosterone
treatment aggravates or causes diabetes mellitus. In fact, tes-
tosterone may constitute therapy for some autoimmune dis-
ease, diminishing the body composition abnormalities seen in
Type II diabetes. Chronic estrogen stimulation may also in-
crease antibodies related to Sjögren syndrome and systemic
lupus erythematosus. Other reported disorders include thy-
roiditis32 and rheumatological disorders.33 A long recognized
association between 47,XXY Klinefelter syndrome and leg ul-
ceration and varicosities exists,34 possibly related to an in-
creased propensity to clotting. Case reports also exist for
47,XXY and both hypertrophic cardiomyopathy and benign
neurogenic amyotrophy.35,36 The prevalence of bipolar psychi-
atric disorders may be increased.37

A relationship seems to exist with certain neoplasias, al-
though again robust data and population-based studies are not
available. Breast cancer in particular appears markedly in-
creased in older 47,XXYmen, compared to XYmen.38 Clumps
of Leydig cells commonly appear in histological examination
of 47,XXY testes. Although these clumps of Leydig cells often
give the appearance of an adenoma, they actually do not con-
note a malignant neoplastic process. Germ cell cancers have
been reported, but their prevalence compared to general pop-
ulation is uncertain. Extragonadal germ cell cancer and medi-
astinal teratomas are increased; the latter is particularly strik-
ing, the frequency 34 to 40 times that of the general
population.39 One explanation invoked to explain the in-
creased frequency of cancer in XXY is that constitutional chro-
mosomal abnormalities and extragonadal aneuploid germ
cells predispose tomalignant degeneration. The analogymight
be increased leukemia in Down syndrome and increased neo-
plasia in other sex chromosomal abnormalities.40 More infor-
mation is needed to better understand adult-onset disorders.

PREDICTED PHENOTYPE AND GENETIC COUNSELING
AFTER IN UTERO DETECTION OF XXY

Joe Leigh Simpson (Baylor College of Medicine, Houston,
Texas) considered genetic counseling dilemmas posed by de-
tecting a 47,XXY fetus after prenatal genetic screening. Actu-
ally, this is relatively frequent, not unexpectedly given the ma-
ternal age effect inXXY and given advancedmaternal age being
the most common indication for prenatal cytogenetic diagno-
sis.41 Incidence of 47,XXY increases from 0.4 per 1000 live
births at maternal age 33 to 1.7 per 1000 at maternal age 40.1

Although Down syndrome is the disorder usually sought,
47,XXYmay be unwittingly detectedwhenever chorionic villus

sampling or amniocentesis is performed for advanced mater-
nal age.
Detection of a 47,XXY fetus during pregnancy may also oc-

cur in younger women who may be undergoing maternal se-
rum analyte screening. However, this is less common than de-
tection in older women undergoing chorionic villus sampling
(CVS) or amniocentesis. Were second trimester analyte
screening performed for the purpose of finding 47,XXY fe-
tuses, the detection rate would be low using existing analytes
and algorithms. In XXY pregnancies, maternal serum alpha
fetoprotein (MSAFP) and unconjugated estriol (ı̀E3) show
Multiple of theMedians (MoMs) almost equal that of the gen-
eral population; hCG is marginally elevated (MoM 1.44). A
single study exists of first trimester analytes, pooling 9,XXY,
2,XXX, and 2,XYY cases.42 Little alterationwas seen in PAPP-A
(MoM 0.88) or free beta hCG (MoM 1.0) levels; serum data
stratified by precise karyotype (47,XXY) alone would obvi-
ously be desirable.42 The single most useful noninvasive tech-
nique may be nuchal translucency, which in one study was
increased (MoM 2.07).42 If an increase of this magnitude were
confirmed on a larger sample, performing first trimester ultra-
sound (nuchal translucency, NT) would detect as many
47,XXY cases in utero as has proved to be the case in Down
syndrome. In the latter, NT � 95th percentile detects 75% of
Down syndrome in the general population (all maternal ages)
at a 5% invasive procedure (so-called false-positive) rate.43

Genetic counseling after detection of 47,XXY at amniocen-
tesis or chorionic villus sampling should emphasize not only
the expected phenotype but a slightly (10%) increased risk of
pregnancy loss. This risk estimate is derived by comparing
prevalence of 47,XXY at birth and in midtrimester amniocen-
tesis. The various tables of Hook1 show prevalence of amnio-
centesis is consistently 10% higher than in newborns. The dif-
ference is less than observed in trisomy 21 or trisomy 18, but
still notable. Likewise, Hassold and Jacobs44 estimate a higher
frequency of 47,XXY in abortuses (1:300) than in liveborns.
Another important point in counseling is that predicted

phenotype reflects mode of ascertainment. Cases detected co-
incidentally (e.g., amniocentesis formaternal age) should have
a phenotype similar to those ascertained in neonatal surveys,
i.e., relatively mild. By contrast, a more adverse phenotype
would be expected if cases were ascertained in utero after stud-
ies undertaken for symptomatic reasons. This would be anal-
ogous to themore deleterious phenotype being observed when
ascertainment occurs after an ultrasonographically evident
anomaly.
Recurrence risk for a couple having had one child with

47,XXY was also considered. Few empiric data are available,
but given the likely phenomenon of recurrent (autosomal) an-
euploidy,45 it seems illogical not to assume some increased risk.
A useful analogy might be recurrence after trisomy 21, a disor-
der in which age-related meiotic nondisjunction is also associ-
ated with decreased maternal meiotic recombination. In tri-
somy 21, the recurrence risk is 0.75% over background; the
recurrence risk is similar for trisomy 18.46 Conversely, 47,XXY
has been observed after a prior 47,XXY sibling, and a 47,XXY
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child has been born to a 47,XXX mother. That recurrence of
autosomal trisomy following a XXY proband has not conclu-
sively been demonstrated to be increased probably reflects of
the small data set.

GENETIC RISKS FOR OFFSPRING OF THE 47,XXY MALE

Some men with Klinefelter syndrome can now sire their own
children through intracytoplasmic sperm injection (ICSI).
This statement holds even if gonadotropins are elevated and
even if the ejaculate is azoospermic. Sperm are usually ob-
tained by testicular biopsy (TESA), but there is one report of
ICSI using sperm from an ejaculate of an XXY man.47

An issue of relevance is the possibility of transmitting sex
chromosomal abnormalities to offspring. Data available from
the mouse models alluded to previously are relevant. In XXY
animals, postmeiotic germ cell XY disomy is more frequent
than in XY control mice, although far less than the theoretically
expected 50%. In data of Patricia Hunt (Case Western Reserve,
Cleveland, Ohio) presented at the meeting by Terry Hassold of
the same institution, the frequency of XY sperm was 1.7% in
XXY versus 0.2% in XY mice; the frequency of other abnor-
malities (non-X, non-Y) was 0.54% versus 0.05%. Hassold and
Hunt concluded that the only germ cells in the XXY Klinefelter
mouse capable of completing meiosis were XY, presumably
having originated either by mosaicism or by trisomic rescue.
Swerdloff’s data revealed that in two 47,XXY mice, 80% of
embryos would have been XY and only 11% XXY.48 Both mice
were XMXPY, and Swerdloff wondered if results would have
been different if cytogenetic origin had been XMXMY.

By theoretical expectations, 50% of sperm of XXY men
should be hyperhaploid (disomic), and hence, 50% of embryos
should be aneuploid. As in the mouse, the observed frequency
of sex chromosomal polysomy is much less. In the general
population, the frequency of sex chromosomal disomy in
sperm is about 0.2% in fertile XY males, 1% in infertile XY
males, and 3% to 4% in XXY males.49–52 In 47,XXY, there may
also be an interchromosomal effect that is perturbing auto-
somes. Hennebicq et al.53 reported higher frequencies of dis-
omy 21 (6.2%) in 47,XXY spermatozoa compared to normal
men (0.4%). No liveborn offspring of XXY fathers sired
through ICSI have had sex chromosomal abnormalities.
Ron-El et al.54 collected 14 liveborns reported through August
2000, and extensive unpublished data from Brussels were pre-
sented at the meeting by Catherine Staessen (Dutch-Speaking
Free University, Brussels, Belgium). Preimplantation genetic
diagnosis (PGD) for Klinefelter syndrome began at that insti-
tution, and in terms of experience is the world’s largest.55 By
the time of the meeting, 31 couples involving KS fathers had
undergone 41 (PGD) cycles in Brussels, all involving TESA and
ICSI. In 24 cycles, 39 embryos were transferred, yielding 5 fe-
tuses with heart rates (Table 1). Among all preimplantation
embryos, 59.6% were chromosomally normal. Comparing
these 24 XXY cycles to 78 PGD cycles performed for X-linked
recessive traits revealed in the former lower fertilization rate
(54.6% vs.79.8%), increased chromosomally abnormal em-

bryos (40.4% vs. 22.9%), and increased gonosomal abnormal-
ities (30.0% vs. 15.2%). Updated information from the Brus-
sels center was subsequently published.56 In other centers,
PGD in 47,XXY has also revealed chromosomal abnormali-
ties.57 Among abnormalities are embryos that are “chaotic,”
showing different chromosomal abnormalities in different
cells of the same embryo.

Overall, however, KS fathers utilizing ICSI have fewer than
theoretically expected XY or XX disomic sperm and embryos.
This could indicate either strong selection against disomic
sperm or only haploid germ cells being capable of leading to a
pregnancy. The latter would help explain the relatively favor-
able liveborn outcome. Nonetheless, the high rate of chromo-
somal abnormalities in preimplantation genetic embryos re-
mains a concern. Monitoring by prenatal genetic diagnosis is
recommended.

RESEARCH PRIORITIES

As a result of discussion generated at the meeting, recom-
mendations were proposed and circulated by speakers and
moderators to all invited participants. Comments were incor-
porated into this article. The following research priorities are
thus offered:

Molecular and cytogenetic pathogenesis

1. Elucidate the behavior of X and Y chromosomes in 47,XXY

during meiosis in humans and animals.

2. Determine if the decreased cytogenetic exchanges in XXY are

correlated with a maternal-age effect, as observed in autosomal

aneuploidies (e.g., Down syndrome).

Table 1.
Comparison of preimplantation genetic diagnosis (PGD) in couples with

X-linked disease and with Klinefelter syndrome

Indication for PGD

X-linked traits
Klinefelter Syndrome

(Oligo or azoospermia)

No. of cycles 78 26

Mean age female (y � SD) 32.8 � 5.2 28.9 � 4.1

Mean oocytes retrieved
(� SD)

12.3 � 6.3 11.8 � 6.2

Fertilization rate in vitro (%) 79.8 54.6

Cleavage rate (%) 84.0 73.0

*Embryos (diagnosis) 546 99

XX; normal for 18 217 (39.8%) 31 (31.3%)

XY; normal for 18 204 (37.3%) 28 (28.3%)

Abnormal 125 (22.9%) 40 (40.4%)

Data from Dutch-speaking Free University of Brussels (Dr. Catherine Staes-
sen).
Normal, Two No. 18 signals, two X or one X and one Y.
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3. Determine which of the inactivated genes on the X are respon-

sible for adversely affecting the phenotype in XXY. Determine

how they exert such actions.

4. Identify XXY subjects having only portions of the X chromo-

some missing, thus helping to determine critical region(s) re-

sponsible for the Klinefelter phenotype.

5. Determine the explanation for recurrent aneuploidy, if it truly

exists, specifically in women who have had a fetus or child with

XXY.

6. Determine if selection occurs in utero against XXY. And if so, to

what extent and for what reason?

Gonadal and hormonal abnormalities

1. Determine if the absent germ cell-hyalinized tubule phenotype

is the result of XXY germ cells, XXY Sertoli cells, XXY Leydig

cells, or combinations thereof.

2. Determine if delayed Leydig cell failure is part of a genetic re-

sponse to germ cell depletion/Sertoli cell injury or, are there

specific characteristics to the failure that are intrinsic to XXY

Leydig cells?

3. Examine what role androgen receptor polymorphism plays in

pathogenesis of gonadal failure.

4. Determine the role androgen deficiency plays in exacerbating

the XXY phenotype, both somatic and behavioral. Could an-

drogen treatment mitigate against manifestations? Does this

hold across different age groups or must any therapeutic benefit

be initiated early in development?

5. Utilize animal models to further elucidate gonadal failure in

human XXY. Is a factor(s) secreted by the germ cell/Sertoli cell

compartment required for efficient steroidogenesis by Leydig

cells?

6. Evaluate the role of the immediately postnatal hormone peak (3

months) as a predictor of testicular insufficiency in adulthood

by pooling material derived from newborns from U.S. and Eu-

rope with Klinefelter syndrome.

IQ and expressive language difficulties

1. Examine the developmental history of prenatally diagnosed

XXY cases.

2. Determine the relationship between decreased muscle tonus,

delayed gross motor skills, and school-age learning differences.

3. Investigate the relationship between morphological brain find-

ings as assessed by MRI and neurodevelopmental outcome, spe-

cifically frontal lobe and temporal lobe dysfunction.

4. Determine the impact of parental origin of X on neurodevelop-

mental outcome. Does X-skewed inactivation play a role?59

5. Establish what predictive indicators point to favorable or unfa-

vorable linguistic skills, motor development, and the language-

learning profile. The latter refers to predictive indicators that

point to favorable or unfavorable linguistic skills, motor devel-

opment, and language-learning profile.20,21

6. Clarify social function of XXY boys in relationship to their IQ

and language capabilities.

7. Determine relationships between hormonal therapy, neurode-

velopmental outcome, and time of onset of treatment. Is there a

limited window of opportunity to treat?

8. Examine if animal models are helpful in addressing pathogen-

esis of neurocognitive abnormalities in Klinefelter syndrome.

Natural history and genetic transmission

1. Identify a cohort of prenatally diagnosed XXY cases devoid so

far as possible from ascertainment bias. Collect data enabling

potential confounding variables to be taken into account. Those

parents who do and do not elect to terminate a pregnancy car-

rying a XXY fetus should be investigated in order to understand

the factor(s) associated with the dilemma of a prenatal diagnosis

of XXY. These data can help identify any biases that might alter

generalizability of phenotype predicted on the basis of cases

detected in utero by prenatal diagnosis but not terminated.

2. Establish a registry of older XXY cases that could be used to

study natural history of Klinefelter syndrome in that age group,

both somatic and behavioral. Collaborate with registries of pa-

tients with Klinefelter syndrome in Europe, where cytogenetic

registries are already well established (e.g., Denmark).

3. Devise case finding methods (e.g., cross-sectional) that mini-

mize ascertainment bias. This becomes particularly applicable

to adult-onset disorders such as cancer, chronic leg ulcers, dia-

betes mellitus, and to psychiatric disorders.

4. Calculate the theoretical detection rate in utero of XXY using

noninvasive first and second trimester maternal serum analyte

screening and ultrasound nuchal translucency measurements.

This will involve determining multiples of Medians (MoM) for

maternal serum analytes in XXY.

5. Establish a registry to define empiric risk to offspring of preg-

nancies sired by XXY men through ICSI.

Increase communication to public and to physicians

1. Develop a public mechanism to disseminate new information

to practitioners and parents.

2. Review and screen information by a “consensus-forming body”

to assure quality control and accuracy of information.
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