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ABSTRACT. Nearly 70 years after its description, Klinefelter
syndrome (KS) remains a largely undiagnosed condition. As
its clinical presentation may be subtle, many of those af-
fected may be unaware or diagnosed only during evalua-
tion for hypogonadism and/or infertility. In February 2010
an interdisciplinary panel of specialists met in Abano Terme
(Padua, Italy) in a workshop on “Klinefelter Syndrome: di-
agnosis and clinical management”. The main aim of this
meeting was to discuss several aspects related to the epi-
demiology, pathogenesis, and evaluation of KS and to de-
velop a consensus defining its early diagnosis and treat-

BACKGROUND

Although first described about 70 years ago, Klinefelter
Syndrome (KS) has remained a largely undiagnosed con-
dition. Its clinical presentation may be subtle, meaning that
affected subjects often never consult any doctor, nor are
physicians prompted to screen the population adequate-
ly for the syndrome. In consequence, many individuals car-
rying an extra X in the karyotype remain unaware through-
out their life or are diagnosed only during evaluation for
hypogonadism and/or infertility in adulthood.

In February 2010 an interdisciplinary panel of specialists
met in Abano Terme (Padua, ltaly) in a workshop on
“Klinefelter Syndrome: diagnosis and clinical manage-
ment”. The main aim of this meeting was to discuss sev-
eral aspects related to the pathogenesis and evaluation
of KS and to develop a consensus defining its early di-
agnosis and treatment.

The workshop was carried out under the auspices of the
Italian Society of Andrology and Sexual Medicine
(SIAMS).

This review paper summarises the main points of the con-
sensus statement.

EPIDEMIOLOGY AND PATHOGENESIS

KS was first described in 1942 (1) as a “not infrequent”
syndrome, but the actual prevalence remained unknown
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ment. In the present consensus we have highlighted the
features that may prompt the physicians to look after pa-
tients with KS both for the syndrome and correlated dis-
eases. We have provided evidences that, during the differ-
ent phases of life, there might be some advantages in es-
tablishing the diagnosis and starting proper follow-up and
treatment. The workshop was carried out under the aus-
pices of the Italian Society of andrology and Sexual Medi-
cine (SIAMS).

(J. Endocrinol. Invest. 33: 839-850, 2010)
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until recently, when karyotype analysis was confirmed as
the best method for its diagnosis. Its cause was unknown
until 1959, when Jacobs and Strong demonstrated the
presence of an extra X chromosome in the karyotype of
patients with KS (2). The term KS describes a group of
chromosomal disorders defined by the presence of at
least one supernumerary X chromosome added to a nor-
mal 46,XY male karyotype. Epidemiological studies in dif-
ferent countries and populations have estimated its
prevalence as 152 cases per 100,000 males, corre-
sponding to 1 in 660 live births (3-6). KS is thus the most
common numerical chromosomal aberration among in-
fertile males, affecting 10-15% of azoospermic men and
about 5% of severely oligozoospermic men (7), and is the
most common form of congenital male hypogonadism.
There is a discrepancy between the pre- and post-natal
prevalence of KS, probably due to under-diagnosis. In
fact, only 25% of estimated cases are diagnosed post-
natally and <10% are detected at or before birth (4).
The most frequent karyotype is 47 XXY (80-90% of cases),
with other cases presenting supernumerary X chromo-
somes (48,XXXY, 49, XXXXY) or mosaicism with a mixture
of normal and 47,XXY cells (or mixtures of 47 ,XXY and
other karyotypes, such as 47 ,XXY/48,XXXY). Recent stud-
ies have reported cytogenetic variants with structural
anomalies rather than aneuploidies (8).

The severity of the phenotype in KS is directly correlated
with the number of extra X chromosomes, suggesting an
effect related to the gene dosage. It has been estimated
that each extra X is associated with a decrease in intelli-
gence quotient (IQ) of approximately 15-16 points, with
language, and particularly expressive skills, being most
affected (9). Mosaicism generally results in a milder phe-
notype. The true prevalence of mosaic forms might be
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underestimated, as the phenotype might not be severe
enough to induce diagnosis and chromosomal mosaicism
could be present in the testes alone, with the karyotype
of peripheral leucocytes being normal.

The genetic cause of 47 XXY KS is meiotic non-disjunc-
tion during the first or second meiosis, either during oo-
genesis or spermatogenesis (abnormal partitioning of
chromosomes or chromatids during paternal or maternal
meiosis, respectively, leading to gametes with an extra
X chromosome) or, less often (about 3%), during early di-
visions of the fertilised egg. Maternal and paternal mei-
otic non-disjunction each account for approximately 50%
of cases of KS (10-13). Advanced maternal — and possibly
paternal — age has been linked to an increased risk of KS.
Post-fertilisation non-disjunction is responsible for mo-
saicism, which is seen in approximately 10% of KS pa-
tients.

In KS, apart from the aneuploidy per se, the dosage ef-
fect of X chromosomal genes, the presence of mosaicism
and the number of supernumerary X chromosome/s, oth-
er possible modulators of clinical manifestations are the
paternal or maternal derivation of the extra X chromo-
some/s, the timing of androgen deficiency, hypothalam-
ic-pituitary or androgen receptor (AR) activity, the ex-
pression and inactivation status of X-chromosome genes
and the activity of the genes located on the pseudo-au-
tosomal regions of the sex chromosomes.

CLINICAL AND HORMONAL MANAGEMENT

Traditionally, men with KS have been described as tall,
with small testes, gynecomastia, broad hips, sparse body
hair, and androgen deficiency. However, an alternative
phenotype has also been recognised, in which patients
present with fewer clinical features. Early detection of the
syndrome is important because it allows identification of
speech problems and scholastic difficulties requiring
speech therapy and educational support. It also facili-
tates prevention or recovery of the long-term conse-
quences of gonadal insufficiency.

Pre-natal diagnosis by routine amniocentesis is quite rare,
as the association with advanced maternal age is weak
(14-17). During fetal life there are no specific features to
distinguish KS from XY fetuses and the hormonal pattern
is the same (18). At birth, most 47 ,XXY babies appear
normal. Genital abnormalities such as small penis, scro-
tum bifidus, cryptorchidism, hypospadias, and inguinal
hernia and variable degree of hypotonia are only occa-
sionally described (19, 20).

Hormonal evaluations have produced conflicting data:
serum T was lower in 3-months-old KS infants than in con-
trols (21), but, more recently, in the same period of life
Aksglaede et al. (22) found normal-high T and elevated
levels of FSH and LH in comparison with healthy controls.

Childhood and adolescence

Patients with KS have an increased incidence of cryp-
torchidism over the normal population (23). The fre-
quency of genetic alterations in boys with persistent cryp-
torchidism in the general population is 5.3%, and KS is
the most common genetic finding (24); for this reason,
careful evaluation of the presence of bilateral cryp-
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torchidism is recommended for the correct diagnosis and
management of KS (Table 1).

It is estimated that only 10% of adolescents with KS are
diagnosed before puberty due to presentation of spe-
cific features such as severe dyslexia, speech problems,
and scholastic difficulties (25). A smaller penile length,
lower testicular volume, taller stature, and reduced up-
per to lower segment ratio might also be observed dur-
ing childhood. The main studies in pre-pubertal KS boys
found normal T, FSH, LH, and Inhibin B (InhB) levels (26-
30), with a normal androgenic response to hCG stimula-
tion (27).

Testicular biopsies of pre-pubertal KS boys have shown
preservation of seminiferous tubules with reduced num-
bers of germ cells, but Sertoli and Leydig cells appeared
normal (31).

Boys with KS usually start pubertal development at the
same age as normal population (32, 33). Low testicular
volume and a firm consistency are often specific signs of
KS. Testicular size can be assessed by palpation and com-
parison with testis-shaped models of defined sizes (Prad-
er orchidometer) or, more precisely, by ultrasonography
(34).

Another classic feature of KS is gynecomastia. Although
this is a common problem in puberty, occurring in up to
65% of adolescent boys (35), its prevalence in KS boys is
higher, with reported incidences from 50 to 88% (25, 36,
37). Gynecomastia is thought to be a sex steroid imbal-
ance, with a reduced testosterone-to-estradiol ratio (T/E2)
that might directly stimulate breast growth. It is normal-
ly considered a benign condition which resolves sponta-
neously in about 6 months. Sympathetic reassurance and
watchful waiting are thus the mainstays of treatment
when the T level is in the normal range. Diet modifica-
tion, weight loss, and increased physical activity are in-
dicated when weight gain or obesity is associated with
gynecomastia. If the problem persists, systematic treat-
ment with anti-estrogens and local treatment with a di-
hydrotestosterone (DHT) gel could be useful.

During puberty, after an initial physiological rise T con-
centrations tend to fall to the mid-low range and stay
there throughout the maturation process (26-30, 36, 37).
The hormone pattern is clearly confirmed by clinical evi-
dence: in contrast with other forms of hypogonadism, in
most KS patients androgen concentrations seem to be
sufficient to allow the regular onset and progression of
puberty until completion of epiphyseal closure, with sat-
isfactory, though variable, development of secondary
sexual characteristics, such as penile size, scrotum mor-
phology, and pubic hair distribution, even though the
testes fail to grow (25-27, 29, 38, 39) (Table 1).
Dramatic changes take place in the tubular compartment
of the testis during mid-puberty (G3). These include stem
cell apoptosis and fibro-hyalinosis of the tubular wall, fre-
quently leading to infertility and becoming clinically evi-
dent with gonadal hypotrophy (normal subjects show a
mean testicular volume in G3 of approximately 8-10 ml).
In the euploid male, InhB levels are correlated with go-
nadal tubular compartment maturation and function. In
late pre-puberty and early puberty (G2) there is a rise in
InhB and FSH. From the intermediate stage on (G3/G4),
InhB produces a negative feedback on FSH synthesis and



secretion, causing an inverse relationship between these
two hormones and a direct correlation between InhB and
increasing testicular volume (30, 40). Longitudinal studies
of InhB and FSH levels in KS boys revealed that during
childhood and pre-puberty, gonadal hormone concen-
tration was comparable to the control group, suggesting
regular Sertoli cell activity. Later, 6-12 months after the
onset of puberty, InhB begins to decrease and there is a
parallel rise in FSH, with striking differences in compari-
son with the control group (19, 28). During G2/G3 InhB
falls rapidly, reflecting the progressive damage to the go-
nadal tubular compartment, consisting in disruption of
germ cells and of the majority of Sertoli cells (41). In these
patients, E2 levels are generally high from the very be-
ginning of puberty, irrespective of the presence or ab-
sence of gynecomastia (27, 29). Throughout the pubertal
phase, the E2/T ratio tends to remain high, notwith-
standing the physiological decrease in SHBG levels (29).
From mid-puberty onwards, at about 13 yr of age, KS pa-
tients show a progressive rise in both FSH and LH (27,
29, 42), which is usually more pronounced for FSH. The
hormonal panel is also characterised by a normal de-
crease in AMH values, low or very low T concentration
and low or absent insulin-like factor 3 (INSL3) (30). INSL3
is produced by the Leydig cells during fetal and adult life
and is considered a sensitive marker of interstitial cell
function and differentiation (43, 44). Like T, INSL3 in-
creases during puberty in normal subjects (45).

A large number of germ cells are lost during puberty in
KS. Semen analysis should thus be performed at this stage,
and any sperm present should be cryopreserved. More-
over, the dramatic acceleration of germ cell degeneration
at the onset of puberty makes retrieval of germ cells at an
early age for banking and future use [intracytoplasmic
sperm injection (ICSI)] an attractive option (46, 47).

Adulthood

Most patients who are diagnosed with KS in adulthood
show infertility and/or hypogonadism. Signs of hormon-
al testicular failure, such as sexual dysfunction, and the
presence of co-morbidities such as diabetes, metabolic
syndrome (MetS), osteoporosis, and cardiovascular dis-
eases may also lead to diagnosis (48).

The hypergonadotropic hypogonadism phenotype in KS
adults is often characterised by tall stature, narrow shoul-
ders, broad hips, sparse body hair, gynecomastia, and
small, firm testes. However, its high variability and the fact
that symptoms rarely present simultaneously can make
diagnosis more difficult. Many cases remain undiagnosed
and only 26% of the estimated number of KS adults are
detected late in adult life, leading to severe complications
and a more difficult clinical management (48).
According to the scientific literature, between 65% and
85% of adults with KS showed lower than normal serum
T concentrations, although they can sometimes be in the
normal range (14). However, gonadotropin values are al-
ways high (36, 49). In 2004, Nieschlag’s group in Ger-
many presented the results of the largest study (in terms
of sample size) carried out to date: 63% of patients (118
of the 186 analysed) showed hypogonadism, with T<12
nmol/I.

E2 and SHBG concentrations are usually higher than nor-
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mal (14) and serum InhB is virtually absent, demonstrat-
ing tubular damage (28, 50, 51). More recent studies
have provided evidence of lower INSL3 levels in com-
parison with normal subjects (43, 44).

Controlled studies showing a different age-related hy-
pogonadism in patients with KS are currently lacking, so
the use of inter-society guideline criteria for late-onset
hypogonadism seems appropriate (52). In any case, on
the basis of the latest testicular physiopathology data,
our own clinical experience and recent findings from
molecular biology studies (especially on AR polymor-
phism) for subjects with normal T levels we recommend
the monitoring of both clinical signs and symptoms and
serum T levels, including calculated free T and SHBG lev-
els. Additional instrumental and laboratory markers [such
as bone densitometry, insulin-resistance (IR) index, and
potential ejaculate volume reduction] could also be con-
sidered for a proper assessment of androgenisation.

METABOLIC SYNDROME

Epidemiological studies on both morbidity and mortali-
ty in patients with KS have reported a significant in-
creased risk of diabetes and cardiovascular diseases (7,
48). KS is frequently associated with IR and MetS, which
are themselves linked to abdominal adiposity (48). The
prevalence of MetS in subjects with KS is 33-46% (48, 53)
compared to about 20% in the general population (54).
Patients with KS have increased amounts of body fat and
especially of truncal fat, with a reduction in lean mass and
increased levels of fasting glucose, insulin, total choles-
terol, LDL cholesterol, and triglycerides, and reduced lev-
els of HDL cholesterol and insulin sensitivity (48). The
pathogenesis of this association is not completely clear
although there is increasing evidence that low T affects
body composition, MetS and IR (55). In fact, low T in-
duces a reduction in muscle mass and an increase in vis-
ceral fat (56, 57), causing an increase in free fatty acid
production — the central pathogenetic mechanism for IR
and thus MetS (58). In addition, the adipose tissue pro-
duces adipokines that are implicated in the pathogene-
sis of dyslipidemia, IR, and MetS (58).

Data on the prevalence of MetS in subjects with KS usu-
ally refer to young adults (mean age 35 yr) who are di-
agnosed after consultation for infertility or sexual dys-
function associated with hypogonadism. In these sub-
jects the onset of MetS, with the vicious circle of central
obesity-hypogonadism, seems to be more frequent and
more precocious than in the general population. Even
for a similar body mass index (BMI), infants and adoles-
cents (4-18 yr) with KS have a higher level of body fat,
and especially of truncal fat, than the general population
(59). These early body modifications are associated with
metabolic alterations, as demonstrated in a study of 13
Klinefelter subjects (mean age 22 yr) who underwent eu-
glycemic hyperinsulinemic clamp, showing higher levels
of fasting insulinemia and lower peripheral glucose up-
take than age- and BMI-matched non-KS subjects (60).
These data suggest that reduced insulin sensitivity, al-
ready present in pre-puberty, could be an initial sign of
subsequent MetS as a consequence of the altered mus-
cle/fat ratio.
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Table 1 - Management and follow-up of Klinefelter syndrome at different ages.

Infancy and childhood

Physical examination, including assessment of height, weight, and testes

Language and scholastic difficulties: educational support, logopedic assessments and therapeutic support
Provision of information to the family

Adolescence and adulthood

gynecomastia and varicose veins
Measurement of sex hormone levels: testosterone, estradiol, SHBG, FSH, LH
Measurement of fasting glucose and lipids

Thyroid function, CBC, and serum PSA

Measurement of serum BhCG
Chest X-ray
Semen analysis

Physical examination, including assessment of blood pressure, height, weight, waist size, testes size,

Bone densitometry (dual-energy X-ray absorbtiometry), vitamin D status, and bone metabolism parameters
Testes and breast ultrasonography

Echocardiography

Psychoneurological evaluation

Provision of information to the patient (and family)
Initiation of testosterone replacement therapy (injected, transdermal or oral administration)

Answering patient’s questions about wellbeing, physical activity, energy, sexual activity, libido
Diet and lifestyle modification, if necessary
Osteoporosis treatment, if necessary

Follow-up assessment
(initially every 3 months, then annually)

Physical examination, including assessment of blood pressure, height, weight, waist size, testes size,
gynecomastia and varicose veins

Measurement of sex hormone levels: testosterone, oestrogen, SHBG, FSH, LH

Measurement of fasting glucose and lipids

Hemoglobin, hematocrit, and serum PSA

Answe ring patient’s questions about wellbeing, physical activity, energy, sexual activity, libido

Every 2 years
Chest X-ray

Mammary gland ultrasonography

Bone densitometry (dual-energy X-ray absorbtiometry), vitamin D status and serum calcium phosphate levels

CBC: complete blood count; PSA: prostate specific antigen.

According to the NCEP-APTII criteria for MetS, Klinefel-
ter subjects have a high prevalence of central obesity
(waist 2102 cm) and alterations in glucose and lipid
metabolism, but blood pressure is rarely affected (48,
61). MetS is usually associated with increased levels of
leptin (62) and C-reactive protein (CRP) (63) and reduced
levels of adiponectin (64); Klinefelter subjects with MetS
have increased levels of leptin and CRP, but normal lev-
els of adiponectin (48), probably because the low T lev-
el results in its increased production regardless of the
BMI (14). In KS patients, adiponectin should thus coun-
teract the negative effects of the metabolic and glycolipid
changes seen in ischemic heart diseases.

Although it is well known that T replacement therapy
(TRT) in hypogonadal men improves insulin sensitivity
and lipid profile and reduces fat mass (65-67), little data
are available on the long-term effect of T replacement
on the MetS of Klinefelter subjects (48). This study
showed that TRT reduces adiponectin and LDL levels as
well as total fat, truncal fat and glucose, cholesterol, lep-
tin, and CRP levels.

OSTEOPOROSIS

Osteoporosis is a systemic disorder characterised by re-
duced bone mass and micro-architectural deterioration
of bone tissue, leading to bone fragility and increased
susceptibility to fractures of the hip, spine, and wrist. Un-
til a few years ago it was commonly considered a female
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disorder. According to the World Health Organization
(WHO), osteoporosis is 4 times more common in women
than men (68), for various physiological and pathophysi-
ological reasons: peak bone mass tends to be higher in
men (8-10%) than in women (69); T helps to limit osteo-
clast activity and to promote bone growth, by increasing
periosteal bone apposition (70); reduced bone formation
is the predominant mechanism of age-related bone loss
in men.

It was recently demonstrated that male osteoporosis is
responsible for a significant rise in morbidity, mortality,
and health and social service expenditure (66, 71).

The International Society for Clinical Densitometry rec-
ommends the evaluation of absolute bone mineral den-
sity (BMD) and defines osteoporosis as the condition
characterised by a T-score of =2.5 SD or lower, using the
male reference database. As with women, the fracture
risk also increases with age in men, but the incidence
peaks about 10 yr later. Excessive alcohol consumption,
glucocorticoid excess, and hypogonadism are the most
commonly identified causes of osteoporosis (68). Since
the first articles published on KS, several studies have
demonstrated that hypogonadism is frequently associat-
ed with accelerated bone loss and osteoporosis (73, 74).
It is now known that while young KS subjects have normal
bone density until pubertal development (59), BMD is re-
duced in 25-48% of adult patients (75) and 6-15% suffer
from osteoporosis (76). Reduced T production during pu-
berty is the most important risk factor for bone loss (77).



There is a direct correlation between BMD and T in pa-
tients with non-mosaic KS, suggesting that low T levels
cause inadequate bone development and low BMD in
these patients. However, reduced bone mass does not
seem to be necessarily related to low T blood levels, as
it can also be found in KS patients with normal T levels,
and androgen replacement therapy does not always re-
store bone density in KS patients with low T.

Published data suggest that patients who do not achieve
normal bone density during puberty are not able to
achieve it later through TRT. T replacement should there-
fore be started as early as possible in order to prevent
bone mineral deficiency and future risk of fractures in KS
men with a low serum T level (78).

The demonstrated correlation between INSL3 and bone
mass, confirmed by the fact that human osteoblasts ex-
press the INSL3 receptor and young adults with RXFP2
gene mutations frequently show low bone mass or os-
teoporosis, even when T levels are normal (25), could
partly explain why adult KS patients with very low INSL3
concentrations suffer osteoporosis (43).

A relationship between T and the vitamin D pathway has
also been demonstrated, as T seems to play a significant
role in the renal synthesis of 1,25-hydroxy vitamin D. It
has been observed that in KS subjects 25-hydroxy and
1,25-hydroxy vitamin D are in the low-normal range and
there is evidence that the rate of bone mass gain after
treatment is inversely correlated with blood vitamin D
concentration (79).

In children and adolescents with KS the evaluation of
body composition and bone mineral content (BMC)
showed an increase in body fat mass and body fat per-
centage despite normal lumbar BMD, suggesting an un-
favorable muscle/fat ratio. Lumbar BMD and whole body
BMC were normal. These findings suggest that the un-
favorable metabolic profile seen in adult KS may already
be present in childhood, as evidenced by the increased
fat mass, whereas the reported low BMD seems to de-
velop after puberty (59).

Even though low T concentration seems to be the most
important determinant leading to a pathological de-
crease in BMD, other factors such as non-random X chro-
mosome inactivation, CAG length polymorphism of the
AR gene and low INSL3 levels may also have an effect
on bone structure.

Apart from androgen replacement therapy, anti-resorp-
tion drugs such as amino-bisphosphonate with proven
efficacy in increasing BMD in men with osteoporosis may
be necessary (76, 79-83). Selected cases of severe bis-
phosphonate-resistant osteoporosis may be treated with
teriparatide (1-34 recombinant human PTH), the first an-
abolic treatment registered by the US Food and Drug
Administration for use in osteoporosis (84).

COGNITIVE PROFILE

The cognitive profile of classic KS is characterised by
some specific features common to most subjects that
have been described over the past 20 years from a de-
velopmental perspective (85). The typical difficulties of
the KS cognitive profile are increasingly serious and strik-
ing in clinical and cytogenetic variations of the syndrome,
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the most common of which are 48,XXXY, 48,XXYY, and
49 XXXXY.

Although KS subjects have a general cognitive level
around the normal range, it is about 10 points lower than
their siblings or peers (86). The typical cognitive profile is
characterised mainly by a reduced score in speech-relat-
ed tests in comparison with performance tasks.

The literature is unanimous in describing language diffi-
culties as one of the more distinctive traits in the cognitive
function of people with KS. It has also been suggested that
these communication limitations strongly affect social
adaptation and behavioural aspects, as well as the devel-
opment of personality (87). Language difficulties include
a delay in production of the first words and in the acquisi-
tion of the main stages of language development, but al-
so problems in some more specific aspects. Individuals
with KS require more time to process information and have
a limited ability to memorise auditory verbal material, due
to their difficulties in decoding words.

Some authors have documented an executive impair-
ment in inhibitory functions in subjects affected by KS,
although other executive functions addressing planning,
concept formation, problem solving, task switching and
speeded responding are intact (even though in speed-
ed responding, the pattern of responses also indicates
inhibitory difficulties) (88). The specificity of this impair-
ment has been questioned more recently and the issue
remains unresolved (89).

Few studies have been conducted to date on motor skills
in KS, but the little literature data available have revealed
their generally low level.

The developmental characteristics of the KS child strong-
ly resemble the profile of older children with develop-
mental dyspraxia (90). The Klinefelter phenotype is
thought to be due to X chromosomal genes that escape
inactivation and thus are expressed in excess (91).

The X chromosome has accumulated a disproportionate
number of genes linked to mental functions and is
thought to play a crucial general role in intelligence. X-
linked genes are supposedly involved in social-cognition
and emotional regulation. Most X-linked genes are inac-
tivated on one X chromosome in the presence of an ad-
ditional X chromosome. Cognitive deficits have been
confirmed in male mice carrying a supernumerary X-chro-
mosome (92, 93).

Difficulties in learning language also appear to be relat-
ed to changes in manual dominance and functional lat-
eralisation, making KS subjects a suitable model for
studying genetic lateralisation abnormalities. A psy-
chopathological risk is associated with this abnormality.
Epidemiological studies have reported a higher incidence
of psychiatric disorders (anxiety, depression, behavioral
disorders, and schizophrenia) in people with 47 XXY kary-
otype compared with the general population (94, 95), al-
though studies have mainly been conducted on limited
samples (91).

Behavioral problems such as closure and anxiety arise in
childhood. School-age children and adolescents with XXY
often show low self-esteem, anxiety and mood disorders,
and socialisation problems (94). The risk of hospitalisa-
tion for psychosis in adults with KS is significantly greater
than in control subjects (3, 95).
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An early diagnosis is useful in order to plan different
types of rehabilitation, where the need is documented.
KS subjects diagnosed prenatally develop a lower pro-
portion of learning and language disabilities than pa-
tients diagnosed by chance (23). The potential benefits
of T therapy on cognition should be evaluated prospec-
tively.

ONCOLOGICAL ASPECTS

There is little information about the long-term risk of can-
cer in KS men (96-98), reflecting the lack of studies in
large cohorts. In the only very large cohort study, of 4806
cases of KS followed up for up to 40 yr, a significantly
higher mortality rate was found for several causes, in-
cluding cancer (6).

Breast cancer

The evidence that KS patients have an elevated risk of
breast cancer comes largely from studies that kary-
otyped men with breast cancer (99-101). Male breast
cancer is rare (0.6% of all breast carcinomas and <1%
of all malignancies in men). A meta-analysis of published
case-control studies reported that the prevalence of
breast cancer in KS was about 3% (102), placing KS sub-
jects at a 50-times higher risk than the general male
population (6, 103). A possible explanation for this
could be an E2-to-T ratio several times higher than that
of karyotypically normal men (104). Another possibility
is that the presence of 2 X chromosomes per se might
increase the genetic risk of breast cancer (103, 105).
Thus, evaluation of patients’ reported symptoms and
clinical breast and axilla examinations are recommend-
ed to detect any suspicious breast (painless subareolar
lump, nipple retraction, and bleeding from the nipple)
or lymph node abnormalities. In the presence of any
suspicious clinical signs, a mammography and/or
breast/axilla ultrasound examination is recommended.
In addition, any family history of breast cancer or per-
sonal history of alcohol dependence, liver disease, obe-
sity, and exposure to chest wall radiation should be
carefully evaluated.

Germ cell tumors

Recent data reported that young KS men have a 65-
times higher risk of developing extragonadal germ cell
tumors (GCT) (106, 107). KS-associated GTC are main-
ly in the mediastinum (108, 109) but have also been re-
ported in the retroperitonenum, abdominal cavity, and
pineal gland (110, 111). Hence, the presence of medi-
astinal GCT (M-GCT) in young men should raise the
suspicion of KS. The majority (75%) are mature ter-
atomas (109). A small subgroup of KS children could
present with precocious puberty due to hCG-producing
M-GCT. These might originate from misplaced pri-
mordial germ cells, becoming malignant due to still-
unknown genetic factors on the X chromosome. Inter-
estingly, cohort studies have failed to demonstrate any
association between KS and the occurrence of testicu-
lar cancer (100, 112). Similarly, analysis of testicular
biopsy samples from KS found no cases of in situ tes-
ticular carcinoma (113).
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Other malignancies

A recent large cohort study reported a statistically signifi-
cant increased incidence of and mortality from lung cancer
and a higher mortality from non-Hodgkin lymphoma in KS
men when compared with the general population. A sta-
tistically significant reduced incidence of prostate cancer
was also observed (103). However, in light of the general
under-diagnosis of KS, the current epidemiological studies
should be interpreted with caution.

KS has been associated with a statistically significant in-
creased incidence of and mortality from certain malig-
nancies. Patients affected by KS should be carefully eval-
uated and informed about these risks, which however re-
main limited on the whole.

FERTILITY

KS, usually viewed as the prototypic form of primary male
hypogonadism, frequently causes azoospermia (about
90% of cases) and patients’ seminiferous tubules appear
fibrotic and hyalinised (1, 114, 115) as a direct conse-
quence of the extra X chromosome. However, there
might be sperm in the ejaculate, albeit at low concen-
trations (severe oligozoospermia) (14, 116-118), and rare
cases of spontaneous fertility have even been reported
(116, 119). Azoospermic patients might also have resid-
ual foci of spermatogenesis in the testes (118, 120). On
the basis of these data several studies have reported suc-
cessful pregnancies in the partners of patients with no
sperm in the ejaculate, using testicular sperm extraction
(TESE) and intracytoplasmic sperm injection techniques.
TESE success has been reported in 16% to 69% of cases
(44, 121-127), but there are no clinical or hormonal pa-
rameters clearly predictive of successful sperm retrieval
(128). The severity of spermatogenic impairment is relat-
ed to the number of supernumerary X chromosomes, and
mosaic forms are less frequently azoospermic. Testicular
involution in KS subjects starts in mid- or post-puberty
and is progressive. Younger men are therefore more like-
ly to have sperm in the ejaculate than older men (120).
These data highlight the importance of early diagnosis
and the cryopreservation of ejaculated or intra-testicular
sperm before KS patients become azoospermic or TRT
is begun.

Full spermatogenesis in KS might be explained by two
mechanisms: testicular mosaicism in which 46,XY sper-
matogonia are able to differentiate normally into mature
sperm, and spermatogenesis arising from 47,XXY sper-
matogonia. It has previously been demonstrated that
47 XXY spermatogonia and spermatocytes are able to
complete the spermatogenic process, leading to the for-
mation of mature spermatozoa (115). Consistent with the
hypothesis that 47,XXY germ cells may undergo and
complete meiosis, the aneuploidy rate for XX- and XY-
disomies in ejaculated sperm is also higher in KS subjects
than in controls, whereas the percentage of YY-disomies
is normal (120).

Although the great majority of children born by intracy-
toplasmic sperm injection from KS subjects are chromo-
somally normal, the risk of producing offspring with chro-
mosome aneuploidies and the higher risk of spontaneous
abortion should be discussed with the couple during ge-



netic counselling. Although few studies have examined
pre-implantation embryo diagnosis, they support the hy-
pothesis that embryos generated with assisted repro-
duction techniques are frequently aneuploid (40-50% of
aneuploidy) (129-131).

SEXUAL FUNCTION

It has been recently reported that in adulthood, most
KS subjects seek medical attention not only for infertil-
ity but also due to sexual dysfunction (132). However,
very few studies have specifically investigated this issue
(133-135). Yoshida and colleagues (133) compared the
sexual features of 40 KS patients with 40 non-azoosper-
mic infertile 47,XY patients, using a non-validated ques-
tionnaire on sexual function. Among their KS patients
the only sexual disorders reported were slightly reduced
sexual desire (10%), erectile dysfunction (ED) (normal
erection with shrinkage after entering the vagina) (2.5%),
and a lower orgasm frequency (19%). However, there
was no statistically significant increase in the incidences
when compared with the control group. The only sig-
nificant difference was the mean frequency of inter-
course, which was significantly higher in KS patients. In
contrast, another study did not find any significant dif-
ference in coital activity between married KS men and
men with a varicocele investigated for infertility (135).
One of the main limitations of these studies is that both
were performed in a population sample of subjects
whose chief complaint was infertility and not sexual dys-
function.

In a large cohort of 1386 male patients attending an
Outpatient Clinic for sexual problems, Corona et al.
analysed the prevalence and specific sexual correlates
of KS. A relatively higher prevalence (1.7%) of KS than
that reported in general population (14) was observed
(134). This suggests that sexual dysfunction is a com-
mon feature of KS and that clinical settings for the treat-
ment of sexual problems are convenient sites for its di-
agnosis. When sexual parameters were evaluated,
22.7% of KS patients reported severe ED (an erection
not sufficient for penetration in >75% of cases), 60.9%
hypoactive sexual desire (HSD), 9.5% premature ejacu-
lation, and 9.5% delayed ejaculation. In a multiple lo-
gistic regression model only a higher risk for HSD and
overt primary hypogonadism retained statistical signif-
icance (134). Interestingly, KS was also associated with
higher risk of hypertriglyceridemia, the most common
factor associated with MetS and hypogonadism in sub-
jects with sexual dysfunction. When KS patients were
compared to T-matched control subjects, all the above
sexual and non-sexual problems were no longer asso-
ciated with the syndrome (134). This case-control study
demonstrated that any HSD in KS subjects was related
to the T deficiency. Similarly, a small placebo-controlled
study found an increase in sexual desire in KS subjects
during TRT (136).

In conclusion, although limited, the literature data indi-
cates that the sexual features present in KS are not specif-
ically associated with the syndrome but are more likely
to be related to underlying hypogonadism. Finally, it can
be speculated that TRT could revert hypogonadism-re-
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lated signs and symptoms (including sexual dysfunction)
and prevent the unwanted consequences of androgen
deficiency (including MetS) in KS patients.

EARLY DIAGNOSIS: BENEFITS AND DRAWBACKS

Given the lack of pathognomonic phenotypic evidence,
KS is often not diagnosed until adulthood. From the
methodological point of view, diagnosis is quite simple:
the characteristic chromosomal pattern 47XXY, or one of
its varieties, can be demonstrated through the standard
analysis of blood lymphocytes, amniocytes or foetal cho-
rial villi karyotype. The main difficulty is in defining the
target group of subjects who should undergo genetic
screening. If we consider the high percentage of indi-
viduals whose KS is unknown or only diagnosed in adult-
hood, early identification of the condition is clearly nec-
essary to enable appropriate treatment and prevent pos-
sible complications.

Advantages

The main advantage of early diagnosis is the prevention
of both complications and associated conditions. Regu-
lar monitoring of patients from the very beginning allows
prompt recognition of any variation in their clinical picture
and thus directs the appropriate intervention. Further-
more, the earlier the relationship between patients and
doctors begins, the better the quality of communication
will be, leading KS individuals to easily voice their worries
and thoughts.

When early diagnosis is possible, KS boys can receive
prompt educational support, to prevent any difficulties
that might compromise their scholastic performance
(137). Several studies have demonstrated that patients
with KS have a mild cognitive impairment and that few-
er learning difficulties are seen in patients diagnosed pre-
natally than in subjects diagnosed following the onset of
symptoms (23).

Early detection is also important in order to start TRT as
soon as patients need it. T should be given when its lack
is clinically evident, continued lifelong and constantly
adapted to the patients’ symptoms and wishes.
Although KS men have long been considered sterile, the
introduction of new fertilisation techniques, such as TESE
and ICSlI, offers the opportunity of reproduction even
when no spermatozoa are found in the ejaculate. Recent
findings show the presence of rare seminiferous tubules
with ongoing spermatogenesis that seems to stop when
germinal apoptosis occurs, probably at puberty (138). Se-
men cryopreservation should therefore be performed as
soon as possible, even before T therapy begins. Cryop-
reservation of testicular tissue could also be performed,
again before puberty, as this seems to be the age when
testicular damage starts (139, 140).

Appropriate genetic counselling is always recommend-
ed in order to evaluate the risk of chromosomal abnor-
malities in children fathered by KS subjects. As KS pa-
tients have an increased risk of metabolic diseases, such
as obesity, glucose intolerance and diabetes (48), early
diagnosis would also enable subsequent nutritional coun-
selling, to treat the tendency to gain fat mass and help
prevent any cardiovascular consequences.
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Drawbacks

A couple whose son has been prenatally diagnosed with
KS may develop anxiety about his physical appearance,
sexual development and fertility (141). When the syn-
drome is diagnosed during childhood or adolescence it
is harder for the family to accept it. As the family always
influences children’s psychophysical wellbeing, it is im-
portant for parents to be accurately and thoroughly in-
formed about the syndrome (142). It is also essential that
they are given appropriate support to prevent excessive
worrying or overprotective behaviors (143).

With early diagnosis, both the parents’ anxiety and med-
ical attention to the follow-up may lead to an exagger-
ated medicalisation, possibly increasing the young pa-
tient’s concerns about his condition. Furthermore, early
TRT may compromise fertility, as spermatogenesis is in-
fluenced by T treatment.

It is also important to establish the best timing for the par-
ents to tell their child of the diagnosis. This is not easy,
and appropriate cooperation between parents and doc-
tors is always recommended. In any case, the conse-
quences of this information should be considered. As ado-
lescence is a crucial period in which boys are growing up
and establishing their social and sexual role, the patient’s
discovery of his condition may cause an unhealthy ap-
proach to his sexual and social relationships. The young
KS boy's anxiety about his condition should not be ig-
nored, but treated through the cooperative intervention
of psychologists, endocrinologists and sexologists.

The main benefits and drawbacks of early KS diagnosis
are summarised in Table 2.

TESTOSTERONE REPLACEMENT THERAPY

During pubertal development, it is considered rational
to start TRT when a pathological increase in go-
nadotropin levels is found, in order to allow the regular
development of secondary sexual characteristics and
muscle mass and achieve a normal peak bone mass. Lit-
erature data show that androgen therapy during puber-
ty enhances muscle strength, improves mood and con-
centration and is useful in developing relational skills
(144), while psychosocial problems may arise in the ab-
sence of treatment (145).

TRT should be considered lifelong, in order to prevent
hypogonadism complications such as osteoporosis, obe-
sity, diabetes and MetS and obtain probable cardiovas-

cular benefits. In treated young hypogonadal patients
with KS, positive effects such as decreased fat mass and
increased lean mass, improved muscle strength, intensi-
fied sexual activity and improved mood are evident (146).
Experience in older KS subjects also points to positive
cognitive results (147).

Many KS patients show a characteristic hormonal profile:
high FSH and LH levels and low to normal concentrations
of T. TRT might be useful when signs or symptoms of hy-
pogonadism (asthenia, low sexual desire, increased ab-
dominal adiposity) become evident: the negative feed-
back suggests that receptor sensitivity is probably re-
duced, representing sub-clinical hypogonadism. Howev-
er, to date there are no conclusive evidence-based stud-
ies supporting this hypothesis.

From current pharmacogenetic knowledge of T and T re-
ceptor sensitivity (148), we suggest that restoration of
normal blood T and LH concentrations should be the aim
of replacement therapy. However, not everybody agrees
on this point. According to some authors, an alteration of
the LH-T axis could be present in KS patients, with LH-
producing cells having reduced sensitivity to T negative
feedback. Some gonadotropic cell adenoma or hyper-
plasia has been reported in adult KS subjects, especially
those aged over 50 (149); it could be hypothesised that
this condition boosts excessive LH synthesis and secre-
tion and thus a rise in blood levels. Reduced feedback
would therefore be more frequent in older patients.

As in other hypogonadisms, we should focus on the lab-
oratory and clinical signs that act as markers of response
to the replacement therapy (52). Follow-up examinations
should be effected 3 and 6-12 months after the start of
treatment, if clinical response is adequate and no signif-
icant side effects have arisen. Transrectal prostate ex-
amination (and possibly prostate ultrasonography)
matched with prostate specific antigen levels should be
carried out both before starting treatment and after 3
months; annual checks, depending on the patient’s age,
are recommended thereafter. In osteoporotic hypogo-
nadal patients, lumbar and femoral dual-emission X-ray
absorptiometry follow-up is suggested 1 or 2 years after
the start of treatment; a total body composition scan
could also be useful to assess any modifications, and es-
pecially any increase in lean mass. Hematocrit should be
kept in the normal range: this, together with erythrocytes
and hemoglobin, is another important parameter to be
monitored.

Table 2 - Benefits and drawbacks of early diagnosis in Klinefelter syndrome.

Benefits

Drawbacks

Early follow-up

Fast identification of clinical changes (e.g. onset of hypogonadism)
Patient’s better consciousness and awareness of his condition
Early start and/or adaptation of therapy

Prevention and medical care of co-morbidities

Prevention, treatment and proper approach to and support
of neurolinguistic disabilities

Early sperm retrieval and cryopreservation
Better scientific awareness of condition and its natural history

Parental anxiety and possible negative effects in pregnancy (pre-natal diagnosis)
Parental anxiety and possible effects on child's psychosocial development

Risk of excessive “medicalisation”

Patient’s anxiety about his own health

Ethical aspects conceming sex and fertility (when patient is a minor)




CONCLUSION

In this consensus we have highlighted the features that
may prompt doctors to look for both KS and related dis-
eases. We have provided evidence of possible benefits in
establishing a diagnosis and starting proper follow-up
and treatment at various phases of life.

As there is a high prevalence of undiagnosed patients, it
is also important to improve our ability to promptly reach
a diagnosis. This should be achieved through raising
medical awareness of the condition and its clinical signs:
not only in pediatricians, gynecologists and fertility spe-
cialists, but also in general practitioners. For this reason
a strategy to improve diagnosis would be to provide GPs
with information on the variety of pictures that KS may
present at all stages in life, through a continuous ex-
change of information through conferences and training
courses. It is in fact necessary to improve medical stu-
dents’ knowledge of rare conditions, and KS in particular.
In our situation, we have in fact produced significant ben-
efits by cooperating with family doctors and patients as-
sociations.

Many of the benefits of an early diagnosis strategy relate
to the improved care of patients and their quality of life.
Increased awareness among physicians and better pa-
tient education could lead to improved care.

Finally, more research is needed to establish the best in-
terventional approaches to prevent complications and
correlated diseases and improve knowledge of the un-
derlying genetic mechanisms. Another open issue re-
mains the early use of T therapy during puberty and the
preservation of testicular sperm through retrieval for re-
productive purposes later in life.

For all these reasons, the authors have planned more
meetings on KS under the auspices of SIAMS with the
participation of patients associations and general practi-
tioners, with the aim of spreading clinical guidelines for
KS management. Another consensus conference has
been planned to take place in about two years, in order
to evaluate the latest results.
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