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Abstract Although Klinefelter syndrome (47,XXY) has
been associated with psychosocial difficulties, knowledge
of the social behavioral phenotype is limited. We examined
specific social abilities and autism traits in Klinefelter
syndrome. Scores of 31 XXY men on the Scale for Inter-
personal Behavior and the Autism Spectrum Questionnaire
were compared to 24 and 20 control men respectively. XXY
men reported increased distress during social interactions
and less engagement in specific social behaviors. In the
XXY group, levels of autism traits were significantly higher
across all dimensions of the autism phenotype. These
findings call for a clinical investigation of vulnerability to
autism in Klinefelter syndrome. Klinefelter syndrome might
serve as a model for studying a role of the X chromosome in
social behavioral dysfunction and autism-like behavior.
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Klinefelter syndrome affects approximately 1 in 700 men
and is the most commom sex chromosomal disorder. Men
with this syndrome have an extra X chromosome, giving
rise to the XXY chromosomal pattern. This sex chromo-
somal aneuploidy results in a variety of phenotypes
including hypogonadism, androgen deficiency and infer-
tility (Lanfranco et al. 2004). Cognitive and behavioral
dysfunctions in Klinefelter syndrome have generally been
under-appreciated relative to endocrinological and physical
features. However, there is an awareness of behavioral and
cognitive abnormalities (Boone et al. 2001; Geschwind
et al. 2000). Although there is a general impression that
men or boys with Klinefelter syndrome often struggle with
social situations (for example at school or at work),
knowledge of the social behavioral phenotype of Kline-
felter syndrome is limited. Previous studies have
predominantly assessed global functioning (for example
academic achievement, occupation or marital status) rather
specific social abilities. Some studies have specifically
focused on social adjustment in adolescents and men with
Klinefelter syndrome, but these studies have primarily
collected categorical data (for example, someone can be
either sociable, passive or shy) or the studies included
small sample sizes or lacked control data from individuals
from the general population. These studies suggest that
individuals with Klinefelter syndrome are at risk for psy-
chosocial and emotional problems such as social
withdrawal, social anxiety, shyness, impulsivity and inap-
propriate social behavior (Bender et al. 1999; Geschwind
et al. 2000; Geschwind and Dykens 2004; Ratcliffe 1999;
Simm and Zacharin 2006). In early adulthood a significant
portion of the XXY men report having few or no friends,
poor relations with siblings and parents, little energy and
initiative, and few or no sparetime interests (Nielsen et al.
1980).
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Although speculative, difficulties in coping with the
social environment may be indicative of an increased
vulnerability for autistic traits in boys and men Klinefelter
syndrome. Tentative support for this hypothesis comes
from recent case studies of individuals with Klinefelter
syndrome diagnosed with an autism spectrum disorder (Jha
et al. 2007; Merhar and Manning-Courtney 2007). Also,
population based studies investigating genetic disorders in
individuals with autism have commented on the co-occu-
rance of autism and the XXY pattern (Kielinen et al. 2004;
Konstantareas and Homatidis 1999). However, to our
knowledge, there has been no study of autism features in a
large sample individuals with Klinefelter syndrome.

The aim of our study was to investigate specific social
abilities in a large sample of adult men with Klinefelter
syndrome and assess whether Klinefelter syndrome may be
associated with increased levels of autistic traits. In an
attempt to improve our understanding of the social
behavioral phenotype of Klinefelter syndrome, our study
included a quantitative measure of the degree to which
XXY men participate in specific social behaviors and at the
same time the degree to which XXY men are distressed
during these social situations as compared to men from the
general population. Importantly, this measure allows a
quantification of social capacities that are normally dis-
tributed in the general population. Also, it has shown to be
sensitive to the effects of social skills training, indicating
that it is a sensitive measure of individual differences in
social behavior.

To explore the extend to which social disabilities reflect
increased levels of features that belong to the autism phe-
notype, we included a quantitative measure of autism traits.
Rather than using a dichotomous, categorical diagnosis of
autism that would result in an all-or-none score, we used a
dimensional measure of autistic personality traits which are
distributed along a continuum in the general population
(Baron-Cohen et al. 2001; Constantino and Todd 2003;
Spiker et al. 2002). By quantifying the degree of autistic
traits we were able to sensitively measure vulnerability for
autistic features in men with Klinefelter syndrome. Cut-off
scores for Asperger syndrome and high functioning autism
as provided by Woodbury-Smith et al. (2005) and Baron-
Cohen et al. (2001) allowed us to assess the proportion of
XXY men with autism features in a clinical range.

Methods
Participants
We included 31 men with Klinefelter syndrome (mean age

41.3, SD 10.0) with help from the Dutch Klinefelter
Association. By means of advertisements we invited men

to participate in a study on behavior. Participants were not
selected for psychological or behavioral abnormalities.
Diagnosis of Klinefelter syndrome was confirmed by kar-
yotyping, using standard procedures. Twenty-four men
were treated with testosterone supplements, with a mean
age of treatment onset of 26.9 years (SD 7.6). Highest level
of education in the XXY group was secondary school in
29%, vocational education in 50% and higher education in
21%. Data on intellectual abilities as measured with the
WAIS-III were available in our database for the XXY men
(intellectual abilities were measured within one year of the
present study). Mean general intelligence in the XXY
group was 93.5 (SD 11.1), with a score of 92.6 (SD 12.0)
for verbal intelligence and 93.6 (SD 18.6) for performance
intelligence.

Because the present study was part of a larger study in
which several control groups have been included, the
present research questions were tested using two different
control groups. We compared autism traits in XXY men
with 20 men from the general population (control group I),
who were recruited using advertisments in local newspa-
pers. Mean age in this group was 39.2 years (SD 13.1).
Social behavior in XXY men was compared with 24 men
from the general population (control group II). Mean age in
this group was 35.7 (SD 8.5). There were no significant
differences in age between the three groups, as indicated by
an ANOVA as well as post-hoc tests (F(2,72) = 1.8,
p = 0.16). None of the control subjects had a history of
psychiatric illness as confirmed with the Mini International
Neuropsychiatric Interview plus (MINI) (Sheehan et al.
1998). Highest level of education in the control groups
(collapsed) was secondary school in 29%, vocational edu-
cation in 42% and higher education in 29%.

The study was approved by the local ethics committee
and written informed consent was obtained according to
the declaration of Helsinki.

Intellectual Ability
Raven’s Advanced Progressive Matrices (short form)

This test is commonly accepted as a measure of general
intelligence and has been shown to correlate with a number
of other standardized intelligence tests (Lezak 1995; Raven
et al. 1993). Subjects are shown 12 pictures of matrices
(i.e., related patterns), each of which is a figural design
with a part removed. The subject must choose the correct
missing part from eight options.

National Adult Reading Test (NART)

The Dutch translation of the NART (Nelson 1982; Sch-
mand et al. 1991) provides an estimate of verbal IQ and is
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based on the high correlation between reading ability,
specifically of irregular words, with intelligence in the
normal population. Subjects are required to read 50 irreg-
ular words aloud, and, on the basis of the number of errors
made in pronunciation a reliable estimate of WAIS-R 1Q
can be calculated (Willshire et al. 1991).

Social Behavior

Social behavior was evaluated using the Scale for Inter-
personal Behavior (SIB). The SIB has been well validated
in the general population (U.S., France, The Netherlands)
as well as in individuals with social phobia, psychiatric
outpatients and -inpatients (Arrindell et al. 2001; Arrin-
dell et al. 1984; Bouvard et al. 1999). Moreover, it has
good psychometric properties, such as high test-retest
reliability, good internal consistency and good discrimi-
native validity (Arrindell 1985). Besides an overall
measure of frequency of participation in social interac-
tions and distress during social interactions, there are four
factorially-derived subscales: (I) Display of negative
feelings (negative assertion), such as refusing a request or
standing up for one’s rights in a public situation, (II)
Expression of and dealing with personal limitations, such
as ability to deal with criticism or requesting attention/
help, (III) Initiating assertiveness, such as starting a
conversation with strangers or expressing one’s own
opinion and (IV) Praising others and the ability to deal
with compliments/praise of others (positive assertion),
such as giving and receiving compliments. Scores that are
obtained with the SIB represent mean item-scores for
each dimension of social behavior, on a scale from one
(high frequency or low distress) to five (low frequency or
high distress).

Autism Traits

The Autism Spectrum Quotient (AQ) (Baron-Cohen et al.
2001) is a self-administered questionnaire for adults that
assesses the degree to which any individual adult of normal
intelligence might have features of the core autistic phe-
notype. It has good test-retest reliability and good
discriminative validity for Asperger syndrome at a cut-off
score of 26 in a clinical population (Woodbury-Smith et al.
2005). Also, it has good discriminative validity for high
functioning autism/Asperger syndrome in the general
population using a cut-off score of 32 (Baron-Cohen et al.
2001). Scores on the AQ have shown to be normally dis-
tributed in the general population. Five subscales cover
personality traits associated with the autistic spectrum;
social skills, communication, imagination, attention to
detail, and attention switching.

@ Springer

Results
Intellectual Ability

Mean score on the Raven’s Advanced Progressive Matrices
was not significantly different between the groups
(F(2.72) = 1.3, p = 0.27) as indicated by an ANOVA.
Post-hoc tests also showed no significant differences
between XXY men and the control groups (p = 0.18 and
p = 0.16). On the NART, mean score of the Klinefelter
men did not significantly differ from the control groups
(F(2,72) = 0.7, p = 0.48). Post-hoc tests also showed no
significant differences between XXY men and the control
groups (p = 0.46 and p = 0.58). Mean scores are pre-
sented in Table 1.

Social Behavior
Distress During Social Interactions

Overall distress during social interactions was significantly
higher in the XXY group as compared to men from the
general population. Mean score in the XXY group was 2.2
(SD 0.67) and in the control group 1.6 (SD 0.49), which
was significantly different (F(1,52) = 13.2, p = 0.001). To
compare, the mean score in psychiatric out-patients
(N = 253) is 2.5 and in individuals with social phobia
(N =119) it is 2.8 (Arrindell et al. 1984). In the XXY
group significantly higher scores, indicating more distress,
were observed for the subscales °‘negative assertion’
(F(1,52) =139, p<0.001), ‘personal limitations’
(F(1,52) = 12.1, p = 0.001) and ‘initiation assertiveness’
(F(1,52) = 20.5, p < 0.001). Mean distress scores in each
dimension of social behavior are presented in Fig. 1.

Frequency of Engagement in Social Interactions

Although overall frequency of engagement in social
behavior was not significantly different (F(1,53) = 1.6,

Table 1 Characteristics of the XXY group and two control groups

XXY group Control Control
group I group II
Age 41.3 (10.0) 39.2 (13.1) 35.7 (8.5)
Raven’s Matrices 105.2 (9.1) 109.4 (8.8) 109.6 (5.3)
(estimate 1Q)
NART (estimate 108.6 (13.5) 110.0 (5.3) 107.1 (7.8)

verbal IQ)

There were no significant differences between the three groups in age,
performance on Raven’s matrices and the NART, as indicated by
ANOVA and subsequent post-hoc tests
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Distress during social interactions

Frequency of participation in social interactions
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Fig. 1 Self reported distress in XXY men and men from the general
population during social interactions in four domains of social
behavior: (I) Display of negative feelings (negative assertion), (II)
Expression of and dealing with personal limitations, (IIT) Initiating
assertiveness and (IV) Praising others and the ability to deal with
compliments/praise of others (positive assertion). * Significantly
different at p < 0.001

p = 0.21) between XXY men (3.2, SD 0.6) and control
men (3.1, SD 0.6), the XXY group reported to less fre-
quently display negative assertion, such as refusing a
request or standing up for one’s rights in a public situation.
Mean frequency score in this domain of social behavior
was 2.9 (SD 0.66) in the XXY group and 3.5 (SD 1.1) in the
control group, which was significantly different
(F(1,52) = 6.2, p = 0.01). To compare, the mean score for
the subscale negative assertion in psychiatric out-patients
(N = 253) is 2.9 and in individuals with social phobia
(N = 119) it is 2.4 (Arrindell et al. 1984). Mean frequency
score in each dimension of social behavior is presented in
Fig. 2.

Autism Traits

Mean total AQ score and all subscales separately were
significantly higher in Klinefelter men as compared to
controls. Total score in the XXY group was 23.8 (SD 6.6)
and in the control group 11.0 (SD 5.1), F(1,57) = 57.8,
p < 0.001). In the XXY group, 48% (N = 15) had a total
AQ score above the cut-off score for Asperger syndrome in
an adult clinical population (i.e. >26) (Woodbury-Smith
et al. 2005). Of these, 6.5% (N = 2) had a total AQ score
above the cut-off score for high functioning autism/As-
perger syndrome in the general population (i.e. >32)
(Baron-Cohen et al. 2001). See Fig. 3 for the distribution
of scores on the autism questionnaire in the Klinefelter
group and the control group.

social behavior: (I) Display of negative feelings (negative assertion),
(I) Expression of and dealing with personal limitations, (III)
Initiating assertiveness and (IV) Praising others and the ability to
deal with compliments/praise of others (positive assertion). * Signif-
icantly different at p < 0.01

As compared to men from the general population, XXY
men displayed more autism traits in all domains; social skills
(F(1,57) = 32.3, p <0.001), attention switching
(F(1,57) = 38.9, p < 0.001), attention to detail (F(1,57) =
8.3, p=0.006), communication (F(1,57) = 19.6,
p < 0.001) and imagination (F(1,57) = 12.7, p = 0.001).
Effect sizes as expressed in cohen’s d were 2.2 for total AQ
score, 1.85 for social skills, 1.96 for attention switching, 0.89
for attention to detail, 1.34 for communication and 1.05 for
imagination. See Fig. 4 for mean scores and SD’s on the five
subscales of the AQ.

[] Control
M Klinefelter

Count (n)

4567 910111213141516171819202122242526272829303134
Total score autism spectrum questionnaire

Fig. 3 Frequency distribution of total scores on the Autism Spectrum
Questionnaire in the XXY group and control group
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Fig. 4 Levels of autism traits in XXY men and men from the general
population as measured with the Autism Spectrum Questionnaire.
Scores in all individual dimensions were significantly higher in XXY
men

Correlations Between Autism Traits and Social
Abilities

In the Klinefelter group there was high positive correlation
between total score on the autism questionnaire and total
score for frequency of participation in social interactions
(r = .61, p<0.001). Similarly, a significant negative
association was observed between total score on the autism
questionnaire and total score for distress during social
interactions (r = —.61, p < 0.001). These correlations
indicate that in the XXY group more autistic traits are
associated with less frequent participation in social inter-
actions and more distress during social interactions. All
correlations were corrected for multiple comparisons.
Correlations were not calculated for the control men, as
two different control groups were included in the study.

Discussion

The aim of this study was to assess social difficulties in
adult men with Klinefelter syndrome and explore the
extend to which social disabilities reflect increased levels
of features that belong to the autism phenotype. Our main
findings were that compared to men from the general
population, men with Klinefelter syndrome reported more
distress during specific social situations and were charac-
terized by increased levels of autistic features across all
dimensions of the autism phenotype.

In the Klinefelter group, increased levels of distress
during social interactions were observed in various
domains of social behavior, namely: expressing of negative
emotions to others, expressing and dealing with personal
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limitations and initiating contact with others. Although
overall frequency of participating in social interactions in
XXY men was not different from men from the general
population, significant differences in specific domains of
social behavior were observed. XXY men reported to less
often engage in social behavior dealing with expression of
negative emotions, such as refusing a request or standing
up for one’s rights in a public situation.

Our findings of difficulties in coping with social situa-
tions in XXY men, especially high levels of distress during
social interactions, are consistent with reports of social
anxiety, social withdrawal and shyness in individuals with
the XXY karyotype (Bender et al. 1999; Ratcliffe 1999).
Difficulties in social adjustment have primarily been
reported for children or adolescents with Klinefelter syn-
drome. Our data suggest that social difficulties may persist
into adulthood, with social distress more prominent than a
general reduction in engagement in social interactions. It
has been proposed that social difficulties may arise as a
consequence of language based learning difficulties
(Geschwind et al. 2000), social cognitive impairments
(Van Rijn et al. 2006) and verbal disabilities (Rovet et al.
1996) in Klinefelter syndrome.

The high levels of autism traits in XXY men suggest that
Klinefelter syndrome may be associated with an increased
genetic vulnerability for autistic features. Interestingly, our
finding of high rates of autistic traits across all dimensions
of the autism phenotype suggest that vulnerability for
autistic features in Klinefelter syndrome may not be
restricted to impairments in social behavior and communi-
cation, but may extend to other aspects of the phenotype as
well. Although this observation suggests that XXY men
may display the specific combination of various individual
traits that are all part of the autism phenotype, some of the
traits and symptoms of autism are not specific for the autism
phenotype, but may also be seen in individuals with other
psychiatric disorders. Therefore, it is possible that men with
Klinefelter may not only have an increased vulnerability for
autism, but also for other psychiatric disorders.

The significance of the present findings is illustrated by
the observation that on the autism questionnaire 15 (48%)
of the XXY men scored above the cut-off for Asperger
syndrome in a clinical population and 2 (6%) of the XXY
men had a score above the cut-off for high functioning
autism/Asperger syndrome in the general population. In the
Klinefelter group, higher levels of autism traits were
associated with more distress during social interactions and
less frequent engagement in social interactions. Interest-
ingly, social difficulties and autistic features in XXY men
were observed in the face of spared intellectual abilities. In
the XXY group, verbal- and performal-intelligence as
measured with the WAIS was within the normal range and
performance of the XXY group on Raven’s matrices and
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the NART did not significantly differ from control men.
The findings of relatively spared intellectual functioning in
the XXY group underscore the particular significance of
the results with regard to social difficulties and high levels
of autistic traits.

Our findings fit with the concept of a ‘broad phenotype’
of autism, which refers to the mild autistic-like features
that are seen in individuals that are genetically related to an
individual with autism (Bailey et al. 1998; Bishop et al.
2004). Using the same measure for autism traits (the AQ),
increased levels of autism traits have also been found in
biological relatives of subject with autism. In a study by
Bishop et al. (2004), parents of individuals with autism had
significantly higher scores as compared to control parents
on the subscales ‘social skills’ and ‘communication’. Mean
score for ‘social skills’ in the group of parents of individ-
uals with autism was 3.0, whereas in our study this was 4.8
for the XXY group. Similarly, mean score for ‘communi-
cation’ in the group of parents of individuals with autism
was 2.75, whereas in our study this was 4.4 for the XXY
group. Although it has been suggested that the typical
clinical phenotype of autism as seen in subjects with the
disorder and the broader subclinical phenotype of autism as
seen in biological relatives may share a genetic origin
(Rutter 2000), the degree to which the mild autistic-like
phenotype in men with Klinefelter syndrome and the broad
phenotype of autism share a common genetic remains as
yet unclear. However, because Klinefelter syndrome is
defined by an X chromosomal abnormality (47,XXY) we
may speculate that the X chromosome might be one of
many genetic factors that play a role in the etiology of
autism-like behaviors. Support for this hypothesis is
derived from studies in Turner syndrome, another X
chromosomal disorder characterized by a partial or com-
plete absence of one of the X chromosomes in females
(45,X0). Turner females also display difficulties in the
social domain and the estimated risk of autism spectrum
disorders is much higher as compared to women from the
general population (Creswell and Skuse 1999; Mazzocco
et al. 1998; McCauley and Sybert 2006; Skuse 2000).

With regard to the exact genetic mechanisms that may
underlie the effects of an extra X chromosome on the social
behavioral phenotype, we can merely speculate. Isles et al.
(2006) have argued that parental origin of a gene impacts
the development of social behavior. The differential
expression of a gene depending on the parental origin of
the gene is referred to as genomic imprinting. Evidence for
X-linked imprinting effects on social behavior and under-
lying brain development has been reviewed by Davies
et al. (2006). Badcock et al. (2006) have also reviewed
evidence supporting the importance of genomic imprinting
in explaining social behavioral phenotypes, and more
specifically the autism phenotype. Their ‘imprinted brain

theory of autism’ poses that an imbalance in brain devel-
opment driven by genomic imprinting gives rise the autism
phenotype.

Important empirical evidence for the role of imprinted
genes in explaining the social behavioral phenotype comes
from studies on Turner syndrome (X0). Females with the
single X chromosome of maternal origin display more
social difficulties than Turner females with the single X
chromosome of paternal origin (Skuse et al. 1997).
Unfortunately, in the present study subgroups of XXY men
with an extra X chromosome of maternal origin versus
paternal origin were not of sufficient size for statistical
analyses. Although genomic imprinting effects on social
behavior have not yet been investigated in Klinefelter
syndrome, parental origin of the extra X chromosome
seems to influence at least some aspects of the phenotype
of Klinefelter syndrome, such as impaired speech and
motor developmental problems (Stemkens et al. 2006).
However, other genetic mechanism such as overexpression
of genes on the X chromosome or abnormal X-inactivation
may play a role as well (Vawter et al. 2007). Future genetic
studies may provide insight into the possible contribution
of X-linked genetic mechanisms in explaining the social
behavioral and autism-like phenotype in Klinefelter syn-
drome. Genetic studies investigating the link between X
chromosomal mechanisms and autism features may espe-
cially be relevant considering the male preponderance in
autism spectrum disorders (Volkmar et al. 1993).

The degree to which the observed behavioral impair-
ments in XXY men represent the effects of testosterone
deficits is unclear. Although lower levels of testosterone
can be seen after the onset of puberty (Salbenblatt et al.
1985), there are studies showing that prenatal testosterone
levels may not differ between individuals with Klinefelter
syndrome and male controls (Ratcliffe et al. 1994).
Although speculative, support for the hypothesis that at
least some aspects of the XXY phenotype may represent
the effects of X chromosomal genetic pathology rather than
low testosterone levels by itself, comes from individuals
with X chromosomal aneuploidies that are not associated
with low testosterone levels. For example, although
females with the XXX karyotype are thought to have
typical androgen levels, they do display impairments in the
language domain and have decreased social adjustment
(Bender et al. 1999; Harmon et al. 1998).

Finally, we are aware of some limitations of the present
study. As many men with Klinefelter syndrome remain
undiagnosed and XXY men in our study were recruited
with help from the Dutch Klinefelter Association, our
sample may not be completely representative. In spite of
this, we believe that the present effect sizes convincingly
indicate a relationship between Klinefelter and autism
traits, although the possibility that effect sizes might be
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attenuated in a more representative sample cannot be
excluded. Also, the finding that the XXY group in our
sample was relatively high functioning, as indicated by our
measures of intellectual abilities, is in contrast with a bias
towards including the more severe cases. Another limita-
tion is that we included two control groups in this study for
practical reasons. Therefore, we were not able to calculate
correlations between autism traits and social abilities in the
control sample. Furthermore, the use of self-report mea-
sures might have biased the degree of social disabilities in
Klinefelter syndrome. However, studies showing that XXY
men tend to overrate, rather than underrate, their own
social adjustment (Bender et al. 1999) suggest that our
findings might rather be an underestimation than overesti-
mation of social disabilities in Klinefelter syndrome.
Taken together, as compared to men from the general
population, XXY men reported increased levels of distress
during various types of social interactions and less
engagement in those aspects of social behavior that deal
with display of negative emotions. Interestingly, we
observed considerably increased levels of autistic traits
across all dimensions of the autism phenotype in XXY men.
The observation that increased levels of autism traits were
not only found in the subscales dealing with social skills and
communication, but in all subscales of the autism ques-
tionnaire, call for a more thorough clinical investigation of
vulnerability to autism spectrum pathology in Klinefelter
syndrome in a larger and more representative sample in
epidemiological terms. Although our findings require rep-
lication, Klinefelter syndrome might prove to serve as a
useful model for studying a role of the X chromosome in
social behavioral dysfunction and autism-like behavior.
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