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abstract: Klinefelter’s syndrome (KS) is the most common sex chromosomal aberration among men, with estimated prevalence of
about 1 in 500 newborn males. The classical phenotype of KS is widely recognized, but many affected subjects present only very mild
signs. While the association between KS and infertility has been well documented, few studies have investigated sexual function in the
KS patients. In the present paper we reviewed studies addressed to emotional processing and sexual function in KS. We searched the fol-
lowing databases Medline, Pubmed, Embase, for Klinefelter’s syndrome, sexuality. We focus on the peculiar contribution of genetic and hor-
monal background, which characterizes sexual dysfunction in KS. Abnormal structure and function of the emotional brain circuits have been
described in KS. These alterations were less pronounced when the patients underwent to testosterone replacement therapy suggesting that
they were mediated by testosterone deficiency. Accordingly, clinical studies indicate that sexual dysfunctions, eventually present in KS, are
not specifically associated with the syndrome but are related to the underlying hypogonadism. In conclusion, androgen deficiency more than
chromosomal abnormality is the major pathogenic factor of sexual dysfunction in KS.
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Introduction
In 1942, Harry Klinefelter and colleagues described a male syndrome
characterized by tall stature with eunochoidal body proportions, small
testes, azospermia, gynecomastia and increased urinary excretion of
FSH (Klinefelter et al., 1942) Fifteen years later, it was reported
(Bradbury and Bunge, 1956; Hoffenberg et al., 1956; Plunkett and
Barr, 1956; Riis et al., 1956) that patients with Klinefelter’s syndrome
(KS) had sex chromatin material in epithelial cells similar to normal
females and then in 1959, Jacobs and Strong (1959) found that a
chromatin-positive patient with KS had a 47,XXY karyotype.

The XXY karyotype occurs in 1 in 500 live male births and is the
most common type of human chromosome anomaly (Smyth and
Bremner, 1998). Unlike chromosomal abnormalities on autosomes,
the 47,XXY karyotype leads to a relatively mild clinical presentation.
This mildness is probably due to inactivation of most genes on the
supernumerary X chromosome (Heard et al., 1997). However,
there are genes that lie in the pseudo-autosomal region on the X
chromosome that have homologues on the Y chromosome (Jegalian
and Page, 1998), and tend to escape the silencing during the supernu-
merary X chromosome inactivation process (Carrel et al., 1999;
Sudbrak et al., 2001). Nowadays, it is well recognized that Klinefelter’s
original description of the syndrome is too limiting, because it

represents a broad spectrum of phenotypes, professions, incomes
and socio-economic statuses (Lanfranco et al., 2004).

It has been recently reported that, in adulthood, most men with KS
will visit their physicians because of (i) infertility and/or (ii) sexual dys-
function (Paduch et al., 2008). The issue related to infertility in KS have
been significantly improved during the last 10 years by the advent of
combined testicular sperm extraction, TESE (Devroey, 1998) and
assisted reproductive technologies (ART) (Romundstad et al., 2008).
This topic has been extensively covered by several recent reviews
(Paduch et al., 2008; Wikström and Dunkel, 2008; Paduch et al.,
2009). In contrast, the issue related to KS sexual function and dysfunc-
tion is less studied. In this review we provide an overview of available
research studies investigating the pathogenesis of sexual function and
dysfunction in KS.

Sexual differentiation and behaviour is a multi-step process, which
begins early in fetal life, according to the sex difference of the chromo-
somes established at conception (chromosomal sex). In fact, chromoso-
mal sex determines gonadal production of androgens and the
Mullerian inhibiting hormone (gonadal sex), which finally dictate the
appearance of external and internal genitalia (anatomic or phenotypic
sex). Sex differences between male and female brain organization
and cognitive process occur either under the control of a complex
series of genetic (sex determining region Y, SRY; silencing of
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X chromosome; several epigenetic events), but also hormonal
(gonadal steroid hormones and their receptors) events. SRY is the
testis-determining gene, which causes the embryonic undifferentiated
gonad to develop into a testis rather than an ovary (Goodfellow and
Lovell-Badge, 1993). This event represents the primary developmental
decision that will determine whether an individual will be and behave
as a male or a female. Indeed the embryonic testis secretes sex
steroids, particularly the surge of testosterone during the early
period of development (an epoch of extreme sensitivity to the
environment) that enters the brain causing a masculine pattern of
brain development and behaviour. Sexual behaviour is controlled by
a set of brain regions that do not operate independently, but function
in a background in which genetic and hormonal factors are crucial
(Pfaus, 2009). Hence, in order to answer the question of which is
the main determinant of sexual dysfunctions, eventually present in
KS subjects, we focused on the potential contribution of the peculiar
genetic and hormonal background, which characterizes the syndrome.

Methods
A systematic search was performed using Medline up to February 2010. In
an effort to identify the studies evaluating sexual function in KS the search
term ‘Klinefelter’s syndrome’ was combined consecutively with the follow-
ing terms: ‘erectile dysfunction’, ‘impotence’, ‘sexual functioning’, ‘ejacula-
tion’ ‘premature and delayed ejaculation’ and ‘desire’. The search was
limited to English-language papers.

Emotional brain in KS patients
Sexual behaviour is controlled by a set of complex neuroanatomical and
neurochemical pathways, which are commonly referred to as the emotion-
al brain. Summarizing the set of brain regions that are critically linked to
emotion is plagued by the fact that none of these regions are ‘purely affec-
tive’, but deeply involved in numerous functions (Duncan and Barrett,
2007). Nevertheless some subcortical regions (namely the amygdala, the
nucleus accumbens and the hypothalamus), and the major prefrontal
cortex subregions (namely orbitofrontal cortex, the anterior cyngulate
cortex and the ventromedial prefrontal cortex) have been depicted as
‘core’ emotional territories (Pessoa, 2008). Among these, the amygdala
occupies a very geometric centre and is deemed to be a highly connected
hub. In particular, amygdala projections broadcast important regulatory
signals widely to the prefrontal cortex and the hypothalamus (Alheid,
2003; Swanson, 2003). Amygdala activation has been evidenced in
rodents (Minerbo et al., 1994; Pfaus and Heeb 1997) and cats (Holmes
and Egan, 1973), during mating behaviour. More recently research in
humans has found amygdala activation in response to sexual stimuli
using functional magnetic resonance imaging (MRI) (Karama et al., 2002;
Holstege and Georgiadis, 2003; Baird et al., 2004; Ferretti et al., 2005;
Ponseti et al., 2006; Childress et al., 2008), supporting a role for the amyg-
dala in the processing of the emotional significance of stimuli that can
trigger conscious desire. Amygdala neurons fire in response to novel
rewards in the environment and the released dopamine turns attention
and behaviour towards the rewarding situation, thus imbuing the stimulus
with motivational ‘valence’ (Murray, 2007). Interestingly, the amygdala,
and more extensively the whole brain reward circuitry (including also
the prefrontal cortex, temporal regions, insula, striatum/pallidum), acti-
vates also during sexual cues presented outside awareness, suggesting
that the ancient limbic reward circuitry can strike up a rapid and outside
awareness prelude to passion (Childress et al., 2008).

Previous studies in rats (Cooke et al., 2000), sheep (Romeo and Sisk,
2001), primates (Pellis and Iwaniuk, 2002) and humans (Baird et al.,

2004) have demonstrated a positive correlation between amygdala
volume and sexual functioning.

Interestingly, a volume reduction in left temporal gray matter (Patwardhan
et al., 2000; Itti et al., 2006), and a specific amygdala reduction (Patwardhan
et al., 2002,) were demonstrated in adult KS patients in MRI studies based on
manual delineation of regions of interest. In a larger structural MRI study,
using automated method for voxel/regional parcellation and volumetric ana-
lyses, Shen et al. (2004) observed pronounced gray matter density
reductions of the right amygdala, left insula and cingulated gyrus in 34 KS
patients compared with 62 healthy matched controls. A decreased cortical
thickness in the temporal regions has been reported to be present also in
child KS patients (Rose et al., 2004; Giedd et al., 2007). Taken together, find-
ings from MRI studies show structural abnormalities of brain regions that
form part of a neural network subserving social cognition and emotion
(Aleman et al., 2008).

Recently it has been proposed that in 47, XXY men reduced activation
in the amygdala is responsible for the less accurate perception of socio-
emotional cues and impairment in emotional prosody in comparison to
the general population (Van Rijn et al., 2006). Interestingly, amygdala,
the central hub in the emotional brain, is recognized to be subject to a
high degree of androgen-dependent plasticity, even in the adulthood
(Cooke, 2006) as will be discussed below.

The reduced size of the amygdala (Patwardhan et al., 2002; Rose
et al., 2004; Shen et al., 2004), as well as of the left temporal lobe
(Patwardhan et al., 2000) in subjects with KS was found to be at least
partly due to androgen deficiency, as it was less apparent in
testosterone-replaced KS subjects (Patwardhan et al., 2000). In particu-
lar, in a small study involving 10 subjects with KS, variation in brain mor-
phology associated with supernumerary X chromosome was not present
in the subgroup of KS subjects that had received testosterone sup-
plementation since puberty. This suggests that the human brain retains
plasticity to be continually modified by externally supplemented hor-
mones, such as testosterone. Indeed, androgen receptors are highly
expressed in the male brain, and are particularly present in neurons con-
stituting the neural rewarding circuits mediating sexual behaviours, such as
the amygdala, the nucleus accumbens, the stria terminalis, the medial pre-
optic area and the ventromedial hypothalamus (see Phillips-Farfán and
Fernández-Guasti, 2009 for review).

The ‘morphogenic’ and organizing action of testosterone on sexual
dimorphic differentiation of the human fetal brain was first established
by Phoenix et al. (1959). They demonstrated that female guinea pig
exposed to testosterone during the fetal life permanently masculinized
their sexual behaviour (Phoenix et al., 1959). It is now well known that
exposure to testosterone during gestation induces masculinization of the
brain (Arnold, 2009; Blaustein and McCarthy, 2009; Thornton et al.,
2009; Schulz et al., 2009). Nevertheless, when prenatal testosterone
was investigated in amniotic fluid, no significant difference was observed
between XXY fetuses and XY controls, and both showed higher levels
than the XX fetuses (Ratcliffe et al., 1994). Also in the neonatal period
no indisputable hypoandrogenism was apparent in KS subjects because
of studies reporting a normal (Ratcliffe, 1982; Aksglaede et al., 2007) or
low (Lahlou et al., 2004; Ross et al., 2005) testosterone level.

Recently, Neufang et al. (2009) demonstrated that amygdala and hyppo-
campal volumes varied as a function of Tanner stages and were associated
with circulating testosterone levels during male puberty. Indeed, during
puberty, neural connections between amygdala and frontal areas are
strengthened (Walker and Bollini, 2002) supporting a role for post-
pubertal hormonal changes in the maturation and refinement of the
limbic circuitry. Frontal brain activity increases during puberty (Casey
et al., 2000; Rubia et al., 2000) and this is assumed to contribute to
advances in cognitive processes (abstract reasoning skills and attentional
capacities) that is a definite component of sexual maturation.
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Similar organizational effects of testosterone have been demonstrated
also in young adulthood (Witte et al., 2010). Neuroimaging studies have
demonstrated that testosterone increases neural activity in the amygdala
(Hermans et al., 2008; Derntl et al., 2009; van Wingen et al., 2009) and
orbitofrontal cortex (Redouté et al., 2005; Hermans et al., 2008; van
Wingen et al., 2009) in both sexes.

These data support the view that the crucial regions of the emotional
brain are extremely sensitive to testosterone also during adulthood. In
agreement, it has been demonstrated that testosterone level was posi-
tively associated with men’s attention to socially relevant stimuli (Van
Honk et al., 1999), and more recently with men’s interest in sexual
stimuli, evaluated both as self-regulated viewing times for pornographic
images (Rupp and Wallen, 2007) and as reported attraction to femininity
in women’s faces (Welling et al., 2008). Taken together these data suggest
that endogenous testosterone level may modulate men’s interest in sexual
stimuli. In adult males testosterone influenced reproduction and sexuality,
whetting sexual desire but also regulating all the other steps of sexual
response, namely sexual excitation and orgasm/ejaculation. Nowadays it
is well known that one of the main physiological functions of testosterone
is to tune up erection with sexual desire, finalizing erection to emotional
processing (Corona et al., 2005; Vignozzi et al., 2005; Traish and Guay,
2006; Bhasin et al., 2007; Corona et al., 2009b).

Testosterone replacement therapy (TRT) has been described to signifi-
cantly improve cognitive function in the general population (Janowsky
et al., 1994; Janowsky et al., 2000; Cherrier et al., 2001; Cherrier et al.,
2002; Cherrier et al., 2005; Cherrier, 2009), and also in the depressed
men (Vogel et al., 1985; Seidman and Rabkin, 1998; Seidman et al.,
2001; Pope et al., 2003). More recently, also the negative symptoms in
male schizophrenic patients have been correlated with serum testosterone
level (Shirayama et al., 2002; Goyal et al., 2004; Akhondzadeh et al., 2006)
and short-term testosterone treatment has been suggested as a thera-
peutic option in male schizophrenics (Ko et al., 2008).

In summary, all these studies indicate that testosterone exerts a morpho-
genetic and trophic effect on a well-mapped set of brain regions dedicated
to emotional processing and sexual behaviour. This testosterone-dependent
morphologic plasticity that have traditionally been thought to characterize
fetal and neonatal life, might be operative also in adulthood, as demon-
strated in the study of KS patients.

KS and sexual dysfunction
It is generally reported that in KS low libido and erectile dysfunction are
present (Sørensen et al., 1979; Raboch et al., 2003; Paduch et al.,
2008), however only few studies have specifically investigated this point
(Wu et al., 1982; Yoshida et al., 1997, Corona et al., 2009a,). The findings
are summarized in Table I.

Yoshida et al. (Yoshida et al., 1997) compared the sexual features of 40
KS patients to 40 non-azospermic infertile 46,XY patients by using a non-
validated questionnaire on sexual function. Among their sample, 90% of KS
patients showed normal and 10% a slightly decreased sexual desire, while
97.5% had a normal erection during the whole duration of intercourse,
while the remaining demonstrated a normal erection with shrinkage
after entering into the vagina. Orgasm was normal in 80% of KS patients,
while it was slightly decreased in about 17%, and significantly decreased in
about 2%. However, there was not a significant difference in the frequency
of sexual function disturbances between the patients with KS and the
control group. On the contrary, the mean frequency of intercourse in
KS patients was significantly higher than in the control group. Another
study compared coital activity in groups of married men with KS and in
men with a varicocele investigated for marital infertility. Frequency of inter-
course in both groups did not significantly differ (Raboch, et al., 2003.)
One of the main limitations of these studies is that both have been

performed in a population sample of subjects amongst whom the chief
complaint was of infertility and not sexual dysfunction.

Corona et al. (2009a) analysed the prevalence and the specific sexual
correlates of KS in a consecutive series of male adult patients attending
an Outpatient Clinic for sexual problems. Interestingly, among a consecu-
tive series of 1386 patients, a relatively higher prevalence (1.7%) of KS than
that reported in the general population (Lanfranco et al., 2004), was
observed (Corona et al., 2009a). This indicates that sexual dysfunction is
a common feature of KS and that clinical settings for the treatment of
sexual problems are a convenient site for the diagnosis of KS. In this popu-
lation, as expected, KS was associated with lower level of education, a
more frequent history of cryptorchidism, poorer pubertal progression, a
less often performed military service, elevated triglycerides and a higher
risk of gynecomastia (Corona et al., 2009a). When sexual parameters
were evaluated, 22.7% of KS patients reported severe erectile dysfunction
(an erection not sufficient for penetration in more than 75% of cases),
60.9% hypoactive sexual desire (HSD), 9.5% premature ejaculation and
9.5% delayed ejaculation. However, adjusting for age, in a multiple logistic
regression model, only a higher risk for HSD continued to be observed in
KS subjects (Corona et al., 2009a). The frequency of sexual intercourse
and masturbation was not significantly different, whilst a higher risk of
reduced ejaculate volume, and a later referral to an andrology service
were observed in KS patients when compared with the control (Corona
et al., 2009a). In addition, KS showed, even after adjustment for age, a
higher prevalence of overt primary hypogonadism. When KS patients
were compared with testosterone matched control subjects, all the above-
mentioned sexual and non-sexual problems were no longer associated
with the syndrome, and only the typical features of KS (namely gyneco-
mastia, tall stature, higher frequency of cryptorchidism, history of poorer
pubertal progression, lower level of education) retained association with
the syndrome (Corona et al., 2009a). In conclusion this case–control
study indicates that HSD, eventually present in the KS subjects, is more
related to the testosterone deficiency than to the genetic abnormality.
Accordingly, in a small placebo control study on the effect of TRT in sub-
jects with KS it has been reported that an increase in sexual interest was
observed during TRT (Wu et al., 1982).

KS, metabolic syndrome and sexual
dysfunction
Metabolic syndrome (MetS), diabetes and cardiovascular disease (CV) are
often associated with KS (Swerdlow et al., 2001; Lanfranco et al., 2004;
Bojesen et al., 2006; Ishikawa et al., 2008; Andersen et al., 2008; Høst
et al., 2010). The association between hypogonadism, MetS and CV has
also been emerging both in subjects with and without sexual dysfunction
(see Corona et al., 2009b for review). In addition, prospective studies
have clearly demonstrated that low T at baseline could predict the devel-
opment of diabetes mellitus and MetS and vice versa (see Corona et al.,
2009b for review). Although additional data are worthwhile, most cross-
sectional studies have reported a direct correlation between testosterone
concentrations and more favourable CV risk factor profiles, including
higher high density lipids, lower triglyceride concentration, blood
glucose, blood pressure and body mass index (see Corona et al., 2009b
for review). In addition, both clinical and animal evidence shows that T
exerts a favourable effect upon vascular reactivity, inflammation, cytokine
production and adhesion molecule expressions, as well as on serum lipid
concentration and haemostatic factors (see Corona et al., 2009b for
review). The presence of hypogonadism in subjects with sexual dysfunc-
tion can further worsen the problem adding typical symptoms such as
HSD and mood disturbances. Waist circumference and hypertriglyceride-
mia have been considered the most important MetS determinants of
hypogonadism in subjects with sexual dysfunction (Corona et al.,
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2009b). As stated above, KS patients demonstrated a higher prevalence of
erectile dysfunction (Yoshida et al., 1997; Corona et al., 2009a) and hyper-
triglyceridaemia (Corona et al., 2009a) when compared with patients
without KS. Although the cross-sectional data available at the moment
cannot allow any final conclusions to be drawn, our study suggests that
KS-associated hypogonadism might play a major role in the pathogenic
mechanism underlying KS-associated sexual dysfunction and MetS. In
fact, the association between hypertriglyceridaemia and sexual dysfunction
disappeared after adjustment for testosterone levels (Corona et al.,
2009a). Further longitudinal studies are advisable in order to better
clarify these points.

Conclusions
In conclusion, studies reviewed strongly suggest that sexual features
present in KS are not specifically associated with the syndrome but
are more probably related to underlying hypogonadism. Hypogonad-
ism, more than chromosomal abnormality, could underlie alterations
in the emotional brain observed in KS patients. Hypogonadism also
underpins the higher risk of hypertriglyceridaemia and sexual dysfunc-
tion observed in KS.

Finally, it can be speculated that TRT could produce an improve-
ment of KS-associated increased risk of MetS and CV, besides the
improvement of sexual function. However, further intervention
studies are needed to confirm this hypothesis.

In agreement with this view, early recognition and TRT have been
reported not only to significantly improve bone mineral density,

body fat mass, strength, goal-directed thinking and self-esteem, but
also sexual dysfunction (Myhre et al., 1970; Beker, 1972; Skakkebaek
et al., 1981; Nielsen et al., 1988; Kubler et al., 1992; Zitzmann et al.,
2002; Nieschlag and Behre, 2004; Zitzmann and Nieschlag 2004).

We therefore propose that TRT should start as soon as possible in
order to revert hypogonadism-related signs and symptoms (including
sexual dysfunction) and to avoid the unwanted consequences of
androgen deficiency.
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Brown CJ, Wöhrle D, Sterk P, Kalscheuer VM et al.
X chromosome-specific cDNA arrays: identification of genes that
escape from X-inactivation and other applications. Hum Mol Genet
2001;10:77–83.

Swanson LW. The amygdala and its place in the cerebral hemisphere. Ann
N Y Acad Sci. 2003;985:174–184.

Swerdlow AJ, Hermon C, Jacobs PA, Alberman E, Beral V, Daker M,
Fordyce A, Youings S. Mortality and cancer incidence in persons with
numerical sex chromosome abnormalities: a cohort study. Ann Hum
Genet. 2001;65:177–188.

Klinefelter’s syndrome and sexual function 423

 at U
niversity of C

alifornia, D
avis on January 14, 2011

m
olehr.oxfordjournals.org

D
ow

nloaded from
 

http://molehr.oxfordjournals.org/


Thornton J, Zehr JL, Loose MD. Effects of prenatal androgens on rhesus
monkeys: a model system to explore the organizational hypothesis in
primates. Horm Behav 2009;55:633–645.

Traish AM, Guay AT. Are androgens critical for penile erections in
humans? Examining the clinical and preclinical evidence. J Sex Med
2006;3:382–407.

van Honk J, Tuiten A, Verbaten R, van den Hout M, Koppeschaar H,
Thijssen J, de Haan E. Correlations among salivary testosterone, mood,
and selective attention to threat in humans. Horm Behav 1999;36:17–24.

van Rijn S, Aleman A, Swaab H, Kahn R. Klinefelter’s syndrome (karyotype
47,XXY) and schizophrenia-spectrum pathology. Br J Psychiatry 2006;
189:459–460.

van Wingen G, Mattern C, Verkes RJ, Buitelaar J, Fernández G. Testosterone
reduces amygdala—orbitofrontal cortex coupling. Psychoneuroendocrinology
2009;35:105–113.

Vignozzi L, Corona G, Petrone L, Filippi S, Morelli A, Forti G, Maggi M.
Testosterone and sexual activity. J Endocrinol Invest 2005;3:39–44.

Vogel W, Klaiber EL, Broverman DM. A comparison of the antidepressant
effects of a synthetic androgen (mesterolone) and amitriptyline in
depressed men. J Clin Psychiatry 1985;46:6–8.

Walker E, Bollini AM. Pubertal neurodevelopment and the emergence of
psychotic symptoms. Schizophr Res 2002;54:17–23.

Welling LL, Jones BC, DeBruine LM, Smith FG, Feinberg DR, Little AC,
Al-Dujaili EA. Men report stronger attraction to femininity in women’s
faces when their testosterone levels are high. Horm Behav 2008;
54:703–708.

Wikström AM, Dunkel L. Testicular function in Klinefelter syndrome.
Horm Res 2008;69:317–326.

Witte AV, Savli M, Holik A, Kasper S, Lanzenberger R. Regional sex
differences in grey matter volume are associated with sex hormones
in the young adult human brain. Neuroimage 2010;49:1205–1212.

Wu FC, Bancroft J, Davidson DW, Nicol K. The behavioural effects of
testosterone undecanoate in adult men with Klinefelter’s syndrome: a
controlled study. Clin Endocrinol (Oxf) 1982;16:489–497.

Yoshida A, Miura K, Nagao K, Hara H, Ishii N, Shirai M. Sexual function
and clinical features of patients with Klinefelter’s syndrome with the
chief complaint of male infertility. Int J Androl 1997;20:80–85.

Zitzmann M, Nieschlag E. Androgens and bone metabolism. In:
Nieschlag E, Behre HM, Nieschlag S (eds)., Testosterone: Action,
Deficiency, Substitution, Vol. 2004, 3rd edn. Cambridge: Cambridge
University Press, 2004. 233–254.

Zitzmann M, Brune M, Vieth V, Nieschlag E. Monitoring bone in
hypogonadal men by quantitative phalangeal ultrasound. Bone 2002;31:
422–429.

424 Vignozzi et al.

 at U
niversity of C

alifornia, D
avis on January 14, 2011

m
olehr.oxfordjournals.org

D
ow

nloaded from
 

http://molehr.oxfordjournals.org/

