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Abstract

XYY syndrome is characterized by a variable neurodevelopmental phenotype, with features including developmental
delays, cognitive impairments, and an increased risk for mental health conditions. There are two recent developments
that have primarily motivated this review. The first is the increased use of non-invasive prenatal screening (NIPS),
which will likely result in more individuals being diagnosed with XYY prenatally. As such, health care providers
(HCPs) both within genetics and outside of the specialty are more likely to encounter this diagnosis in the future. The
second is advances in the understanding of the phenotypic variability of XYY through biobank and deep phenotyping
efforts. As the phenotypic spectrum of XYY syndrome continues to expand, families will face greater uncertainty when
receiving this diagnosis. Given both of these developments, HCPs will need to have up-to-date and accurate informa-
tion about XYY to better counsel families. Furthermore, the ability to employ effective counseling techniques, such as
anticipatory guidance, will aid in supporting and guiding families through the diagnostic journey. This review aims to
provide insight on the neurodevelopmental and psychosocial aspects of XYY syndrome by discussing current research
and borrowing from the relevant psychosocial literature of other genetic conditions. In this way, we hope to equip
HCPs with the ultimate goal of improving the care and support provided to individuals with XYY and their families.
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Introduction

XYY syndrome, also known as Jacob’s syndrome, is a
sex chromosome aneuploidy (SCA) condition with an
estimated prevalence of about 1/1000 male births, though
recent studies show that it is underdiagnosed (Abram-
sky and Chapple 1997; Abramsky et al. 2001; Berglund
et al. 2020a, 2019; Nielsen and Wohlert 1991; Zhao et al.
2022). Physical characteristics tend to be less prominent
and vary greatly amongst affected individuals but can
include tall stature, macroorchidism, macrocephaly, and
hypertelorism (Bardsley et al. 2013). While the physi-
cal features of this condition tend to be less evident, the
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neurodevelopmental phenotype is more pronounced and
can present challenges for affected individuals and their
families.

Historically, most individuals were diagnosed with
XYY postnatally after seeking medical care due to con-
cerns such as developmental delay or behavioral issues
(Abramsky et al. 2001). This led to early reports of the
XYY phenotype being enriched for cognitive and behav-
ioral issues as well as other mental health conditions.
While useful in understanding the “severe” end of the
spectrum of XYY syndrome, it also created an issue of
ascertainment bias within the literature. Recent biobank
studies have shed light on the degree of phenotypic vari-
ability by providing insight into the “mild to asympto-
matic” end of the spectrum. For instance, a recent study
of the UK Biobank found that only 1 out of 143 men
with 47, XYY had previously known of their abnormal
karyotype, further emphasizing the degree to which this
condition is underdiagnosed (Zhao et al. 2022).

Additionally, with the advent of non-invasive prenatal
screening (NIPS), SCA can now be routinely detected
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early in pregnancy. Currently, the American College of
Obstetricians and Gynecologists (ACOG) recommends
that NIPS be offered to all pregnant individuals regard-
less of age or baseline risk of aneuploidy (ACOG 2020).
The increased use of NIPS will likely result in more
individuals diagnosed with XYY syndrome in the future,
thus increasing the likelihood that health care providers
(HCPs) both in the genetics specialty and outside of it
will provide care for individuals with XY'Y. Therefore,
it is important for those providing prenatal care to have
updated and accurate information to counsel expecting
parents and provide appropriate anticipatory guidance.
Additionally, pediatric HCPs must better understand the
needs of children with XYY and their families to provide
them with the necessary resources and care.

Given the recent expansion of the phenotypic spectrum of
47, XYY from large biobank efforts and deep phenotyping
of affected individuals, families face the potential of greater
uncertainty when receiving a diagnosis of XYY syndrome.
Furthermore, with the number of individuals diagnosed
with XYY growing due to the increased use of NIPS, HCPs
in prenatal and pediatric settings must be equipped to help
families navigate the diagnostic journey. As such, the goal
of this review is to:

1. Summarize the neurodevelopmental phenotypes of
XYY syndrome
ii. Highlight relevant management guidelines
iii. Discuss the individual and family experiences of the
diagnostic journey
iv. Provide recommendations for genetic counseling
v. Consider high-priority areas for future clinical
research

In doing so, we hope to improve the support provided by
the medical community to individuals with XYY and their
families.

Neurodevelopmental features

The neurodevelopmental features of XYY include a mixed
picture of language delays, cognitive impairments, and
increased risk for mental health conditions. However, the
condition is best characterized by marked variability in the
presence and severity of the neurodevelopmental phenotype.
Individuals may experience developmental delays early in
life that persist into childhood and adolescence, while others
experience a more subtle phenotype that may go undetected.
Here, we outline common cognitive and psychiatric features
to increase awareness regarding the neurodevelopmental
profile of XYY syndrome.
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Cognitive

Some of the earliest manifestations of XYY syndrome are
delays in achieving developmental milestones, includ-
ing language development and motor skills (Joseph et al.
2018; Lalatta et al. 2012; Ross et al. 2009; Urbanus et al.
2022a, 2022b). Language development delay may be the
most characteristic sign in preschool-age children, with
marked delay observed in both prenatally and postnatally
diagnosed children (Geerts et al. 2003; Urbanus et al.
2022a, 2022b). When compared to individuals with XXY
syndrome, one study found that, on average, children with
XYY have more severe and pervasive language impair-
ment at both simple and complex levels of oral and written
language (Ross et al. 2009). Regarding motor milestones,
children with XYY have been noted to have mild delays
in the areas of fine motor and gross motor tasks, strength,
speed and agility, coordination, and independent walking
(Joseph et al. 2018; Ross et al. 2009).

A consistent finding regarding the cognitive phenotype
in children with XYY is the wide range in general intel-
ligence (IQ) that trends toward the lower end of normal
(Bardsley et al. 2013; Berglund et al. 2020b; S.M. Davis
et al. 2020b; Joseph et al. 2018). While both verbal and
nonverbal 1Q are typically reported in the low-average
range, verbal ability tends to be more severely impaired
(S.M. Davis et al. 2020b; Joseph et al. 2018; Lee et al.
2012). Individuals with XYY can also have reduced verbal
comprehension, working memory, and processing speed,
which are associated with increased difficulty maintaining
attention and concentration that may result in challenges
with other executive functions (Operto et al. 2019).

The speech delay and verbal difficulties observed early
in development may contribute to the later onset of learn-
ing disabilities (Operto et al. 2019). Academic difficulties
among individuals with XYY are common, and individu-
als often receive special education (Geerts et al. 2003;
Linden and Bender 2002). However, it should be noted
that individuals with XYY possess other strengths in the
academic setting, such as curiosity, humor, and teamwork
(Thompson et al. 2022). Additionally, individuals were
reported to possess strengths in the areas of science, tech-
nology, engineering, and mathematics (Linden and Bender
2002; Thompson et al. 2022).

Psychiatric

As previously mentioned, individuals with XYY are at
an increased risk for mental health conditions (Berglund
et al. 2020b). Numerous studies have found that individu-
als with XYY are more likely than the general population
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and other SCA conditions to receive a diagnosis of atten-
tion deficit-hyperactivity disorder (ADHD) (Bardsley
et al. 2013; Kuiper et al. 2021; Ross et al. 2015; Tartag-
lia et al. 2012). Individuals tend to have greater issues in
the domains of inattention and hyperactivity/impulsivity,
which may contribute to lower adaptive functioning over-
all (Bardsley et al. 2013; Joseph et al. 2018; Kuiper et al.
2021; Ross et al. 2015; Tartaglia et al. 2012). Similarly,
children with XYY show deficits in both internalizing
and externalizing behaviors, with externalizing behaviors
such as impulsivity, behavioral regulation, thought and
attention problems, and aggression tending to be worse
(Fjermestad et al. 2017; Operto et al. 2019; Ross et al.
2012). Although externalizing behaviors are more promi-
nent, some individuals with XYY also show internalizing
behavior problems, such as withdrawal (Fjermestad et al.
2017; Lalatta et al. 2012; Operto et al. 2019). Comorbid
mood disorders, such as anxiety and depression, tend to
be more common in instances where there is a diagnosis
of another neurodevelopmental disorder (Bardsley et al.
2013; Tartaglia et al. 2012). Other psychiatric diagnoses
reported in individuals with XYY include bipolar disorder
and oppositional defiant disorder (Bardsley et al. 2013;
Berglund et al. 2020b).

In addition to ADHD, many studies report an increased
incidence of autistic behaviors and autism spectrum disorder
(ASD) in individuals with XYY compared to the general
population and other SCA conditions (Bardsley et al. 2013;
Berglund et al. 2020b; Cordeiro et al. 2012; Joseph et al.
2018; Lee et al. 2012; Ross et al. 2012, 2015; Tartaglia et al.
2017). One study reported that individuals with XYY are
about five times more likely to have ASD than individu-
als with XXY and 20 times more likely than the general
population (Tartaglia et al. 2017). Importantly, autism
symptoms may contribute to social difficulties experienced
by individuals with XYY (Cordeiro et al. 2012; Lee et al.
2022, 2012). However, social motivation generally remains
intact, suggesting that individuals with XYY are motivated
by social interactions, but have trouble in social situations
due to social communication deficits and autistic manner-
isms (Bouw et al. 2022a, 2022b; Cordeiro et al. 2012; Lee
et al. 2022, 2012).

Management recommendations
and multidisciplinary care

There are several management recommendations that were
identified during our review of the literature. With respect
to developmental delays, caregivers and HCPs should
monitor language development to identify any early delays
or difficulties (Lalatta et al. 2012; Urbanus et al. 2022a,
2022b). Early identification of language delays allows for

early interventions, such as speech therapy, to minimize
any long-term detriment (Lalatta et al. 2012; Urbanus et al.
2022a, 2022b). Similarly, it is recommended that children
with XYY receive comprehensive neuropsychological and
educational screening to evaluate for learning disabilities,
ASD, ADHD, and other behavioral or social cognitive dif-
ficulties, so that they can receive appropriate interventions,
treatments, and services early in development, which allows
for improved outcomes (Bouw et al. 2022a, 2022b; Kuiper
et al. 2021; Lalatta et al. 2012; Operto et al. 2019; Ross
et al. 2012; Tartaglia et al. 2012). In addition to aiding in the
development of an individualized education plan for school-
aged children, neuropsychological testing may also identify
significant impairment in fine motor, gross motor, or self-
help skills, in which case physical therapy and/or occupa-
tional therapy may be recommended (Thompson et al. 2020;
Visootsak and Graham 2006). Additionally, individuals with
XYY are at an increased risk of physical comorbidities, such
as dystonia and mild tremor, which may require additional
care from a neurologist (Bardsley et al. 2013; J.L. Davis
et al. 2020a,). Overall, comprehensive screening allows for
targeting of each child’s unique needs, and thus, provides the
opportunity to create a tailored management plan. In the case
of prenatal diagnosis, clinicians should outline these recom-
mendations, so that expecting parents can appropriately plan
for follow up, which will aid in bridging the gap between
pre- and postnatal care (Lalatta et al. 2012).

The eXtraordinarY Kids Clinic in Colorado presents a
model for providing multidisciplinary care to children with
SCA (Tartaglia et al. 2015). Their interdisciplinary team
consists of developmental-behavioral pediatrics, child
psychology, pediatric neuropsychology, speech-language
therapy, occupational therapy, genetic counseling, nursing,
pediatric endocrinology, and social work (Tartaglia et al.
2015). Such interdisciplinary teams provide the opportunity
for comprehensive and individualized care that is tailored
to the unique needs of the child. Importantly, parents report
that this model of care for their child with SCA improved
their understanding of their child, the diagnosis, and the nec-
essary supports to aid in their success (Tartaglia et al. 2015).
Given the reported benefits of this care model, implementing
similar interdisciplinary clinics in other locations is needed
to support the increasing number of individuals diagnosed
with SCA as genetic testing implementation continues to
expand (Tartaglia et al. 2015).

While early intervention and multidisciplinary care are
key to improving outcomes in children with XYY, a recent
study also described the importance of interventions that
highlight the strengths of children with XYY rather than
solely targeting deficits (Thompson et al. 2022). With
respect to academic support, strengths-based approaches
have been shown to improve student wellbeing, aid academic
achievement, and build student capacity (Thompson et al.
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2022). Additionally, strength-based approaches in the aca-
demic setting help set up students with XYY for success by
increasing positive affect, reducing depressive symptoms,
and enhancing quality of life (Schutte and Malouff 2019;
Seligman et al. 2005). One can easily focus on the potential
deficits created by a diagnosis of XYY, but appreciating the
strengths and capabilities possessed by these individuals is
important as well.

Individual and family experiences
of the diagnostic journey

Whether identified prenatally or postnatally, a diagnosis
of XYY can be difficult for families to process. For many
families, the diagnosis comes as a surprise, as most parents
report not having prior knowledge of SCA at the time of
diagnosis (Riggan et al. 2020, 2021). Thus, receiving a diag-
nosis of XYY can present as a traumatic event and often lead
to feelings of grief, distress, and guilt (Lalatta et al. 2012;
Riggan et al. 2021). Much of the uncertainty and worry that
parents experience at the time of diagnosis can be mitigated
by improving their understanding of the diagnosis and its
prognosis (Jaramillo et al. 2019; Lalatta et al. 2012; Riggan
et al. 2021). While it is common for families to experience
feelings of worry and uncertainty, some families, especially
those with children diagnosed postnatally, may feel relieved
after receiving a diagnosis (Riggan et al. 2020, 2022). Con-
versely, parents who receive a prenatal diagnosis are at an
increased risk of feeling depressed, anxious, and less opti-
mistic (Jaramillo et al. 2019; Riggan et al. 2020, 2021).

In addition to the timing of diagnosis and indication for
testing, family experiences of the diagnostic journey can
vary based on the information provided during disclosure.
For example, parents who report negative experiences at the
time of diagnosis often report that their HCP was unpre-
pared, had little information specific to the SCA to share
with them, or provided information that they later found
was inaccurate, whereas parents with positive diagnostic
experiences report that their HCP stressed the phenotypic
spectra and connected them with other parents or advocacy
groups (Jaramillo et al. 2019; Riggan et al. 2021). The way
in which the diagnosis is initially communicated to parents
is extremely important because it can influence if additional
information is sought and how subsequent information
is perceived (Abramsky et al. 2001; Riggan et al. 2021).
Despite advances in our understanding of SCA, parents are
reporting that they are not presented with materials that are
up-to-date and easy to understand at the time of diagnosis
(Jaramillo et al. 2019; Riggan et al. 2020, 2021). Another
concern is the imbalance of information, as many parents
feel that the negative aspects of the condition are empha-
sized over positive aspects and that the language used was
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negative or apologetic (Jaramillo et al. 2019; Riggan et al.
2020, 2021). Poor and imbalanced communication at the
time of diagnosis may lead families to feel like they do not
have the necessary emotional support or information to
make informed decisions. As a result, parents may conduct
their own internet searches to gather information, which can
result in a biased and outdated understanding of XYY (Rig-
gan et al. 2021). HCPs counseling XYY families should be
prepared to address any misinformation parents have about
the XYY diagnosis and inform them of the limitations in the
literature (e.g., institutionalized populations, ascertainment
bias, etc.) As access to prenatal genetic screening and test-
ing increases, the likelihood that non-genetics providers will
have to disclose results and provide pre- or post-test coun-
seling increases. Since HCPs’ knowledge and beliefs about
XYY likely vary significantly, they should be equipped with
a disclosure protocol that is based on up-to-date information
and follows professional guidelines and input from the XYY
community (Abramsky et al. 2001).

As alifelong diagnosis, parents are continually adapting
to what it means to have a child with XYY. Compared to
children with XYY, parents perceive their child’s diagnosis
as having a larger negative impact on their child’s mental
health and well-being, as shown by higher parent-report
compared to self-report scores of depression and anxiety
(Bardsley et al. 2013). Parents also perceive their children
as having greater difficulty in different psychosocial domains
compared to how children perceive their challenges (S.M.
Davis et al. 2020b). Together, these findings suggest that
individuals with XYY may be adapting more positively
to their condition than their parents. Parental coping is of
particular concern, as reports indicate clinically significant
levels of parental stress and anxiety associated with XYY
(Lalatta et al. 2012; Operto et al. 2019). While all parents
of children with XYY may experience some level of stress,
parents of children who have more emotional and behavioral
problems (e.g., parents of children diagnosed postnatally)
may be of highest concern (Operto et al. 2019). Regardless
of the degree of their child’s emotional and behavioral chal-
lenges, HCPs must evaluate and monitor parents for signs
of stress and anxiety. Additionally, it is important that they
acknowledge possible parental anxiety related to a difficult
relationship with their child and feelings of inadequacy in
aspects of their parental role (Operto et al. 2019).

Following diagnosis, families are commonly faced with
the difficult questions of if, when, and how to disclose the
XYY diagnosis to their child, other family members, teach-
ers, and care providers. For many families, these decisions
are complicated by the variable cognitive, emotional, and
behavioral prognoses. Additionally, parents report that
their own knowledge and understanding of the condition
are barriers to their decision-making (Gratton et al. 2016).
Although parents report feeling unsure about how to make
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decisions about disclosure, research suggests that there are
consistent factors upon which parents base their decisions
(Gratton et al. 2016). One of the most influential factors is
the child’s level of functioning, with parents being more
likely to disclose the diagnosis to their child and others if
they experience more behavioral, social, and language chal-
lenges (Gratton et al. 2016). Although age does not seem
to be as important as the child’s functioning, parents were
more likely to disclose the diagnosis to older children (Grat-
ton et al. 2016). Many parents of children with XYY must
navigate decisions about disclosure on their own, as few
received counseling about disclosure at the time of diagnosis
(Gratton et al. 2016).

HCPs who interact with children with XYY have an
opportunity to support families by helping them navigate
the potential benefits and drawbacks of diagnosis disclosure.
HCPs should be prepared to address some of the reasons
why parents might decide not to disclose, such as fear of
stigmatization, feeling like the diagnosis gives an excuse
for bad behavior, and needless anxiety if the child is not
clinically affected (Gratton et al. 2016). Importantly, part
of the counseling discussion regarding disclosure should
involve discussion about the variation in outcomes associ-
ated with XYY, especially since the child’s functioning plays
an important role in the decision-making process. As parents
are more likely to disclose the diagnosis if their child is more
severely affected, HCPs should be prepared with disclosure
resources that are appropriate for all levels of functioning
(for examples, see Bishop 2014; Gratton et al. 2014).

Genetic counseling for XYY

Whether to evaluate the sex chromosomes as part of NIPS
has been an area of professional debate due to important
considerations on both sides. Reasons one may argue not to
screen for SCA include concerns regarding sex selection for
non-medical reasons, test inaccuracies, and the less severe
and highly variable phenotype of these conditions that result
in counseling challenges (Dondorp et al. 2015). For the pur-
poses of this review, we will focus on addressing the latter
two issues. At this time, NIPS has a lower positive predictive
value (PPV) for SCA compared to trisomies 21, 18, and 13
(Bevilacqua et al. 2018; Guo et al. 2022; Ramdaney et al.
2018). Recent studies report a PPV ranging from 37 to 46%
for SCA, which is much lower than the PPV for the other
autosomal trisomies with sensitivity and specificity close to
100% (Bevilacqua et al. 2018; Guo et al. 2022; Ramdaney
et al. 2018). Additionally, as outlined above, the phenotypic
spectrum and severity of XYY are broad with other SCA
conditions facing a similar counseling challenge. As such,
one may argue to reserve NIPS for only screening for those
conditions that have a more severe phenotype. However, in

reviewing the literature, parents of children with SCA pro-
vide insight into the benefits of early diagnosis.

Firstly, early diagnosis of SCA during pregnancy allows
expecting parents more time to prepare and earlier access
to recommended therapies and interventions (Bevilacqua
et al. 2018; Jaramillo et al. 2019; Riggan et al. 2021). These
benefits cannot be understated, as earlier intervention allows
for improved outcomes in children with SCA and additional
time for parents to adapt to the diagnosis. Additionally,
screening for SCA during pregnancy shortens the poten-
tial diagnostic odyssey for children who do present with a
more severe SCA phenotype. Parents of children with SCA
who received a pediatric diagnosis expressed frustration as
the early signs of these conditions were missed by medi-
cal professionals (Riggan et al. 2022). Furthermore, parents
reported that diagnostic delay led to several important nega-
tive outcomes for their child, including missed opportunity
to access interventions and supports earlier, lack of under-
standing from others, inability to develop effective parenting
strategies at an earlier age, and inability to proactively advo-
cate for their child (Riggan et al. 2022). Given these chal-
lenges, one can see how prenatal screening and diagnosis
can be of immense benefit to parents in being able to better
provide for their child with SCA and adapt to their diagnosis.

Furthermore, studies have shown that current coun-
seling regarding prenatal screening of SCA has room for
improvement. For example, parents of children with SCA
have reported being unaware of SCA as a possible result
from prenatal screening or diagnosis or that a positive NIPS
result requires follow up confirmatory testing (Ramdaney
et al. 2018; Riggan et al. 2021). Additionally, parents receiv-
ing a prenatal diagnosis express a desire for supportive com-
munication concerning parental education and transparency
regarding the variable phenotype of SCA conditions (Rig-
gan et al. 2021). Some of the uncertainty of these diagno-
ses relates to our current understanding of the phenotypic
spectrum that will never be fully realized unless SCA is rou-
tinely screened for during pregnancy (Berglund et al. 2020a,
2020b). So, while there are currently limitations to screening
for SCA with NIPS, we argue that the response to these chal-
lenges is not to obscure desired information from expecting
parents, but rather to provide accurate and comprehensive
pre- and post-test counseling related to SCA.

Recommendations for clinical practice

The wide variability in the neurodevelopmental pheno-
type associated with XYY syndrome poses challenges with
counseling and providing anticipatory guidance. One of
the factors that has been associated with the variability in
phenotype is the timing of diagnosis. Individuals who are
postnatally diagnosed tend to be more severely affected due
to a presenting issue leading them to seek care, whereas
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individuals diagnosed prenatally are less likely to receive
special education or speech therapy services (Bardsley et al.
2013; Lalatta et al. 2012; Linden and Bender 2002). There-
fore, the wide variability reported in the prenatally diag-
nosed population is thought to best reflect the true diversity
of the phenotype (Bardsley et al. 2013). As such, HCPs
should be flexible in their counseling practices based on tim-
ing of diagnosis and indication for testing. Here, we outline
recommendations for providing genetic counseling that con-
siders the variability in outcomes and family experiences.

Uncertainty is often a large factor at play within the field
of genetics and counseling for XYY syndrome is no dif-
ferent. Given the variability of the phenotype, uncertainty
regarding the severity of XYY syndrome, especially in the
prenatal setting, is an important concept to discuss with
families. The variability in phenotype can also contribute
to how well a family is able to adapt to having a child with
XYY. For example, Linden and Bender (2002) interviewed
families who had a prenatally diagnosed child with XYY
and found that while some parents were not concerned about
the implications of the diagnosis, others reported concerns
about the future welfare of their children and disclosing the
diagnosis to others.

When providing information about XYY, HCPs coun-
seling families should strive to offer balanced and accurate
information. However, the idea of “balanced” is difficult
to define, as shown by relevant literature examining the
responses of parents of children with Down syndrome (DS)
(Hippman et al. 2012). When asked to provide a “balanced
description”, parents provided a wide variety of narratives
that likely reflects the differences in their lived experiences
with the condition (Hippman et al. 2012). Accordingly,
Hippman et al. (2012) provide recommendations for HCP
communication that can be strengthened to address chal-
lenges related to variability in family experiences. While
these recommendations were pulled from the literature on
DS, we suggest that they can be utilized when counseling
families of children with XYY. HCPs counseling families
should recognize the potential variability in a family’s reac-
tion to receiving a diagnosis (Hippman et al. 2012). Regard-
less of their reaction, exploring previously helpful coping
skills can aid in providing anticipatory guidance for families,
particularly in the prenatal context (Hippman et al. 2012).
Another counseling recommendation is to have expect-
ing parents imagine what their life might be like with an
affected child. While XYY is less well known in the general
population compared to DS, the lesson still applies, where
having parents imagine the similarities and differences of
their anticipated life with a child who has XYY can aid in
processing the diagnosis and integrating it into the greater
framework of their lives.

Additionally, communication surrounding a diagnosis
of XYY should be driven by the parent and their specific
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emotional and informational needs by continuing to ask them
for their questions (Hippman et al. 2012). As described above,
families are often in need of accurate and up-to-date informa-
tion about XYY. Awareness of support groups, such as the
Association for X and Y Chromosome Variations (AXYS), is
a valuable resource for providers and patients alike. Through
engaging with the greater community of individuals with
XYY, HCPs will be better able to counsel families by provid-
ing a nuanced description of the range of possibilities related
to life with XY'Y. So, while “balanced” may be a difficult
goal to achieve, providing up-to-date information that is non-
judgmental and responsive to the specific needs of the family
will be imperative to better counseling families of a child with
XYY.

As previously discussed, individuals with XYY are at an
increased risk of developing certain psychiatric conditions.
While not all children with XYY will develop psychiatric
issues, it is important to equip parents to identify symptoms so
that they can better manage their child’s mental health. Draw-
ing from the lessons learned from 22q11.2 deletion syndrome
(22gDS) and “awareness to act”, HCPs can empower parents
of children with XYY to be their child’s best advocate. Carrion
et al. (2022) define “awareness to act” as confidence in being
alert and equipped to protect and/or manage their child’s men-
tal health. Parents of children with 22qDS described worry
and stress over missing “red flags” of mental illness and a
limited awareness as to what symptoms they should be watch-
ing out for (Carrion et al. 2022). One can easily see how this
could apply to other conditions that carry a risk of psychiat-
ric conditions, which are more difficult to screen for at times
than physical symptoms. Parents in this study reported that
psychiatric genetic counseling helped them achieve awareness
to act in several important domains: increased confidence in
awareness of red flags, strategies to protect their child’s men-
tal health, and empowerment in their ability to articulate and
advocate for services their child needed (Carrion et al. 2022).
Most importantly, providing anticipatory guidance promoted
parents’ sense of agency in reducing the risk of psychiatric
problems and improving outcomes for their child with 22qDS
(Carrion et al. 2022). Since parents of children with XYY may
experience a great deal of stress related to their child’s diagno-
sis and perceived mental health, they may also benefit from a
similar form of anticipatory guidance. Given that most of the
presentations of XYY are “unseen” physically, empowering
families in a similar way is important so that they can advocate
effectively for their child’s mental health needs.

Areas for future research

While this is not an exhaustive list of areas for of future
research, our review of the literature identified significant
gaps in our current understanding of XYY syndrome and
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its impact on individuals and their families. Firstly, future
research should focus on qualitative reports from the fami-
lies themselves about their experiences of having a child
with XYY. In this way, we can learn what is most helpful
and most challenging about living with XYY as well as iden-
tify family needs that are currently unmet by HCPs. Further-
more, most of the referenced studies include data obtained
from parental report, which at times was shown to differ
from what was reported by individuals with XYY (Bardsley
etal. 2013; S.M. Davis et al. 2020b). Future research should
also focus on the experiences of individuals with XYY to
gauge their understanding of the diagnosis and what their
specific needs are.

Additionally, more longitudinal studies, such as the
eXtraordinarY babies study, are needed to enhance our
understanding of XYY across the lifespan (Tartaglia et al.
2020). Similarly, there are few studies to date about the
impacts of an XYY diagnosis in adulthood and the chal-
lenges that may occur during this transition. The transition to
adulthood marks a time of great change and uncertainty, and
better understanding of how individuals with XYY adapt
during this time is essential. In this way, HCPs can provide
appropriate support and counseling regarding specific con-
cerns, such as fertility and family planning.

Future work should also aim to distinguish possible bio-
logical and familial predictors of phenotypic variability. For
example, multiple linear regression models have shown that
individuals with XYY and their family members are cor-
related on certain traits, such as 1Q, vocabulary, and social
awareness (Wilson et al. 2021). Efforts to understand the
clinical utility of these models in the genetic counseling set-
ting will be useful in providing anticipatory guidance for
families. As such, HCPs will be able to better counsel fami-
lies about the issues surrounding diagnosis, both medically
and psychosocially.

Conclusion

In conclusion, XYY syndrome is characterized by a neu-
rodevelopmental phenotype that is variable in nature. Given
that the primary manifestations of this condition are largely
‘unseen’, individuals and their families must navigate unique
challenges, such as disclosure of diagnosis. An XYY diag-
nosis can lead to a range of experiences and emotions for
family members, with parental coping being of particular
concern. As such, anticipatory guidance and preparing fami-
lies with an “awareness to act” are useful counseling inter-
ventions. Additionally, it is vital that families be provided
with resources about the diagnosis that are developmentally
appropriate for their child. There is room to grow in our
understanding of the many facets of an XYY diagnosis and
the associated psychosocial challenges. With future research

focusing on the phenotypic spectrum of this condition across
the lifespan, special attention will also need to be paid to
how this diagnosis also impacts the family system. XYY
syndrome is a diagnosis that has significant implications on
not only the affected individual, but the family as well. It is
therefore imperative that HCPs fully understand the range
of lived experiences with XYY so that we can better counsel
and care for affected individuals and their families.

Author contribution Colleen Jodarski, Erin Torres, and Morgan Simi-
luk conceptualized this review. Colleen Jodarski and Rylee Duncan
performed the literature search and analysis and wrote the original
draft. Armin Raznahan, Morgan Similuk, Rachel Gore, and Erin Torres
provided critical reviews and edits. Colleen Jodarski and Rylee Duncan
wrote revisions. All authors reviewed the final manuscript.

Funding This work was supported with funds from the NIAID Divi-
sion of Intramural Research and from the National Institute of Mental
Health (NIMH).

Declarations
Competing interests The authors declare no competing interests.

Ethics approval This article does not contain any studies with human
or animal subjects performed by any of the authors.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abramsky L, Chapple J (1997) 47, XXY (Klinefelter syndrome) and
47, XYY: estimated rates of and indication for postnatal diag-
nosis with implications for prenatal counselling. Prenat Diagn
17(4):363-368. https://doi.org/10.1002/(sici)1097-0223(199704)
17:4%3¢363::aid-pd79%3e3.0.co;2-0

Abramsky L, Hall S, Levitan J, Marteau TM (2001) What parents are
told after prenatal diagnosis of a sex chromosome abnormality:
interview and questionnaire study. BMJ 322(7284):463-466.
https://doi.org/10.1136/bm;j.322.7284.463

Bardsley MZ, Kowal K, Levy C, Gosek A, Ayari N, Tartaglia N,
Lahlou N, Winder B, Grimes S, Ross JL (2013) 47, XYY syn-
drome: clinical phenotype and timing of ascertainment. J Pediatr
163(4):1085-1094. https://doi.org/10.1016/j.jpeds.2013.05.037

Berglund A, Viuff MH, Skakkebak A, Chang S, Stochholm K,
Gravholt CH (2019) Changes in the cohort composition of turner

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/(sici)1097-0223(199704)17:4%3c363::aid-pd79%3e3.0.co;2-o
https://doi.org/10.1002/(sici)1097-0223(199704)17:4%3c363::aid-pd79%3e3.0.co;2-o
https://doi.org/10.1136/bmj.322.7284.463
https://doi.org/10.1016/j.jpeds.2013.05.037

24

Journal of Community Genetics (2023) 14:17-25

syndrome and severe non-diagnosis of Klinefelter, 47, XXX and
47, XYY syndrome: a nationwide cohort study. Orphanet J Rare
Dis 14(1):16. https://doi.org/10.1186/s13023-018-0976-2

Berglund A, Stochholm K, Gravholt CH (2020) The epidemiology of
sex chromosome abnormalities. Am J Med Genet C Semin Med
Genet 184(2):202-215. https://doi.org/10.1002/ajmg.c.31805

Berglund A, Stochholm K, Gravholt CH (2020) Morbidity in 47, XYY
syndrome: a nationwide epidemiological study of hospital diag-
noses and medication use. Genet Med 22(9):1542—-1551. https://
doi.org/10.1038/s41436-020-0837-y

Bevilacqua E, Ordéiez E, Hurtado I, Rueda L, Mazzone E, Cirigli-
ano V, Jani JC (2018) Screening for sex chromosome aneuploidy
by cell-free DNA testing: patient choice and performance. Fetal
Diagn Ther 44(2):98-104. https://doi.org/10.1159/000479507

Bishop DVM (2014) Booklets for parents and children: XYY and
Trisomy X. figshare. Dataset. https://doi.org/10.6084/m9.figsh
are.1203560.v1

Bouw N, Swaab H, Tartaglia N, Cordeiro L, van Rijn S (2022) The
impact of sex chromosome trisomies (XXX, XXY, XYY) on
gaze towards faces and affect recognition: a cross-sectional eye
tracking study. J Neurodev Disord 14(1):44. https://doi.org/10.
1186/s11689-022-09453-x

Bouw N, Swaab H, Tartaglia N, Jansen AC, van Rijn S (2022) Early
impact of X- and Y-chromosome variations (XXX, XXY, XYY)
on social communication and social emotional development in
1-2-year-old children. Am J Med Genet A 188(7):1943-1953.
https://doi.org/10.1002/ajmg.a.62720

Carrion P, Semaka A, Batallones R, Slomp C, Morris E, Inglis A,
Moretti M, Austin J (2022) Reflections of parents of children
with 22q11.2 deletion syndrome on the experience of receiving
psychiatric genetic counseling: “Awareness to Act.” J Genet
Couns 31(1):140-152. https://doi.org/10.1002/jgc4.1460

Cordeiro L, Tartaglia N, Roeltgen D, Ross J (2012) Social deficits
in male children and adolescents with sex chromosome ane-
uploidy: a comparison of XXY, XYY, and XXYY syndromes.
Res Dev Disabil 33(4):1254-1263. https://doi.org/10.1016/j.
ridd.2012.02.013

Davis JL, Kurek JA, Morgan JC, Sethi KD (2020a) Tremor and dys-
tonia in Jacob’s syndrome (47, XYY). Mov Disord Clin Pract
7(1):107-108. https://doi.org/10.1002/mdc3.12875

Davis SM, Bloy L, Roberts TPL, Kowal K, Alston A, Tahsin A, Truxon
A, Ross JL (2020b) Testicular function in boys with 47, XYY and
relationship to phenotype. Am J Med Genet C Semin Med Genet
184(2):371-385. https://doi.org/10.1002/ajmg.c.31790

Dondorp W, de Wert G, Bombard Y, Bianchi DW, Bergmann C,
Borry P, Chitty LS, Fellmann F, Forzano F, Hall A, Henneman
L, Howard HC, Lucassen A, Ormond K, Peterlin B, Radojkovic
D, Rogowski W, Soller M, Tibben A, Tranebjerg L, van El CG,
Cornel MC, on behalf of the European Society of Human G, the
American Society of Human G (2015) Non-invasive prenatal test-
ing for aneuploidy and beyond: challenges of responsible innova-
tion in prenatal screening. Eur J Hum Genet 23(11):1438-1450.
https://doi.org/10.1038/ejhg.2015.57

Fjermestad KW, Wahlborg MS, Stokke S, Haugland BSM, Havik
OE, Wergeland GJH (2017) Behavioral inhibition in boys with
sex chromosome aneuploidies compared to a clinical sample.
Adv Neurodev Disord 1(2):89-94. https://doi.org/10.1007/
$41252-017-0016-6

Geerts M, Steyaert J, Fryns JP (2003) The XYY syndrome: a follow-up
study on 38 boys. Genet Couns 14(3):267-279

Gratton N, Bishop DVM, Scerif G (2014) Information for parents who
are considering whether to talk about an extra Y chromosome with
their son and family members. Journal Contribution. https://doi.
org/10.6084/m9.figshare.1189328.v1

Gratton NC, Myring J, Middlemiss P, Shears D, Wellesley D, Wynn
S, Bishop DV, Scerif G (2016) Children with sex chromosome

@ Springer

trisomies: parental disclosure of genetic status. Eur ] Hum Genet
24(5):638-644. https://doi.org/10.1038/ejhg.2015.168

Guo N, Cai M, Lin M, Xue H, Huang H, Xu L (2022) Positive predic-
tive value of noninvasive prenatal testing for sex chromosome
abnormalities. Mol Biol Rep 49(10):9251-9256. https://doi.org/
10.1007/s11033-022-07754-x

Hippman C, Inglis A, Austin J (2012) What is a “balanced” descrip-
tion? Insight from parents of individuals with down syn-
drome. J Genet Couns 21(1):35-44. https://doi.org/10.1007/
s10897-011-9417-2

Jaramillo C, Nyquist C, Riggan KA, Egginton J, Phelan S, Allyse M
(2019) Delivering the diagnosis of sex chromosome aneuploidy:
experiences and preferences of parents and individuals. Clin Pedi-
atr 58(3):336-342. https://doi.org/10.1177/0009922818817310

Joseph L, Farmer C, Chlebowski C, Henry L, Fish A, Mankiw C, Xen-
ophontos A, Clasen L, Sauls B, Seidlitz J, Blumenthal J, Tor-
res E, Thurm A, Raznahan A (2018) Characterization of autism
spectrum disorder and neurodevelopmental profiles in youth with
XYY syndrome. J Neurodev Disord 10(1):30. https://doi.org/10.
1186/s11689-018-9248-7

Kuiper K, Swaab H, Tartaglia N, van Rijn S (2021) Early develop-
mental impact of sex chromosome trisomies on attention deficit-
hyperactivity disorder symptomology in young children. Am J
Med Genet A 185(12):3664—-3674. https://doi.org/10.1002/ajmg.a.
62418

Lalatta F, Folliero E, Cavallari U, Di Segni M, Gentilin B, Fogliani R,
Quagliarini D, Vizziello P, Monti F, Gargantini L (2012) Early
manifestations in a cohort of children prenatally diagnosed with
47, XYY. Role of multidisciplinary counseling for parental guid-
ance and prevention of aggressive behavior. Ital J Pediatr 38:52.
https://doi.org/10.1186/1824-7288-38-52

Lee NR, Wallace GL, Adeyemi EI, Lopez KC, Blumenthal JD, Clasen
LS, Giedd JN (2012) Dosage effects of X and Y chromosomes
on language and social functioning in children with supernumer-
ary sex chromosome aneuploidies: implications for idiopathic
language impairment and autism spectrum disorders. J Child
Psychol Psychiatry 53(10):1072-1081. https://doi.org/10.1111/j.
1469-7610.2012.02573.x

Lee NR, Niu X, Zhang F, Clasen LS, Kozel BA, Smith ACM, Wallace
GL, Raznahan A (2022) Variegation of autism related traits across
seven neurogenetic disorders. Transl Psychiatry 12(1):149. https://
doi.org/10.1038/541398-022-01895-0

Linden MG, Bender BG (2002) Fifty-one prenatally diagnosed children
and adolescents with sex chromosome abnormalities. Am J Med
Genet 110(1):11-18. https://doi.org/10.1002/ajmg.10394

Nielsen J, Wohlert M (1991) Chromosome abnormalities found among
34,910 newborn children: results from a 13-year incidence study
in Arhus, Denmark. Hum Genet 87(1):81-83. https://doi.org/10.
1007/bf01213097

Operto FF, Pastorino GMG, Amadori E, Mazza R, Bernardo P, Cam-
panozzi S, Margari L, Coppola G (2019) Cognitive profile, emo-
tional-behavioral features, and parental stress in boys with 47,
XYY syndrome. Cogn Behav Neurol 32(2):87-94. https://doi.org/
10.1097/WNN.0000000000000193

Ramdaney A, Hoskovec J, Harkenrider J, Soto E, Murphy L (2018)
Clinical experience with sex chromosome aneuploidies detected
by noninvasive prenatal testing (NIPT): Accuracy and patient
decision-making. Prenat Diagn 38(11):841-848. https://doi.org/
10.1002/pd.5339

Riggan KA, Close S, Allyse MA (2020) Family experiences and
attitudes about receiving the diagnosis of sex chromosome
aneuploidy in a child. Am J Med Genet C Semin Med Genet
184(2):404—413. https://doi.org/10.1002/ajmg.c.31781

Riggan KA, Gross B, Close S, Weinberg A, Allyse MA (2021) Pre-
natal genetic diagnosis of a sex chromosome aneuploidy: parent


https://doi.org/10.1186/s13023-018-0976-2
https://doi.org/10.1002/ajmg.c.31805
https://doi.org/10.1038/s41436-020-0837-y
https://doi.org/10.1038/s41436-020-0837-y
https://doi.org/10.1159/000479507
https://doi.org/10.6084/m9.figshare.1203560.v1
https://doi.org/10.6084/m9.figshare.1203560.v1
https://doi.org/10.1186/s11689-022-09453-x
https://doi.org/10.1186/s11689-022-09453-x
https://doi.org/10.1002/ajmg.a.62720
https://doi.org/10.1002/jgc4.1460
https://doi.org/10.1016/j.ridd.2012.02.013
https://doi.org/10.1016/j.ridd.2012.02.013
https://doi.org/10.1002/mdc3.12875
https://doi.org/10.1002/ajmg.c.31790
https://doi.org/10.1038/ejhg.2015.57
https://doi.org/10.1007/s41252-017-0016-6
https://doi.org/10.1007/s41252-017-0016-6
https://doi.org/10.6084/m9.figshare.1189328.v1
https://doi.org/10.6084/m9.figshare.1189328.v1
https://doi.org/10.1038/ejhg.2015.168
https://doi.org/10.1007/s11033-022-07754-x
https://doi.org/10.1007/s11033-022-07754-x
https://doi.org/10.1007/s10897-011-9417-2
https://doi.org/10.1007/s10897-011-9417-2
https://doi.org/10.1177/0009922818817310
https://doi.org/10.1186/s11689-018-9248-7
https://doi.org/10.1186/s11689-018-9248-7
https://doi.org/10.1002/ajmg.a.62418
https://doi.org/10.1002/ajmg.a.62418
https://doi.org/10.1186/1824-7288-38-52
https://doi.org/10.1111/j.1469-7610.2012.02573.x
https://doi.org/10.1111/j.1469-7610.2012.02573.x
https://doi.org/10.1038/s41398-022-01895-0
https://doi.org/10.1038/s41398-022-01895-0
https://doi.org/10.1002/ajmg.10394
https://doi.org/10.1007/bf01213097
https://doi.org/10.1007/bf01213097
https://doi.org/10.1097/WNN.0000000000000193
https://doi.org/10.1097/WNN.0000000000000193
https://doi.org/10.1002/pd.5339
https://doi.org/10.1002/pd.5339
https://doi.org/10.1002/ajmg.c.31781

Journal of Community Genetics (2023) 14:17-25

25

experiences. J Genet Couns 30(5):1407-1417. https://doi.org/10.
1002/jgc4.1407

Riggan KA, Gross B, Close S, Steinberg A, Allyse MA (2022) “Knowl-
edge is Power”: parent views on the benefits of early diagnosis
and awareness of sex chromosome multisomy among pediatric
professionals. J Dev Behav Pediatr. https://doi.org/10.1097/dbp.
0000000000001153

Ross JL, Zeger MP, Kushner H, Zinn AR, Roeltgen DP (2009) An
extra X or Y chromosome: contrasting the cognitive and motor
phenotypes in childhood in boys with 47, XYY syndrome or 47,
XXY Klinefelter syndrome. Dev Disabil Res Rev 15(4):309-317.
https://doi.org/10.1002/ddrr.85

Ross JL, Roeltgen DP, Kushner H, Zinn AR, Reiss A, Bardsley MZ,
McCauley E, Tartaglia N (2012) Behavioral and social pheno-
types in boys with 47, XYY syndrome or 47, XXY Klinefelter
syndrome. Pediatr 129(4):769-778. https://doi.org/10.1542/peds.
2011-0719

Ross JL, Tartaglia N, Merry DE, Dalva M, Zinn AR (2015) Behavioral
phenotypes in males with XYY and possible role of increased
NLGN4Y expression in autism features. Genes Brain Behav
14(2):137-144. https://doi.org/10.1111/gbb.12200

Schutte NS, Malouff JM (2019) The impact of signature character
strengths interventions: a meta-analysis. J Happiness Stud: Inter-
discip Forum Subjective Well-Being 20(4):1179-1196. https://
doi.org/10.1007/s10902-018-9990-2

Screening for fetal chromosomal abnormalities: ACOG practice bul-
letin, Number 226 (2020) Obstet Gynecol 136(4):e48—69. https://
doi.org/10.1097/a0g.0000000000004084

Seligman ME, Steen TA, Park N, Peterson C (2005) Positive psychol-
ogy progress: empirical validation of interventions. Am Psychol
60(5):410-421. https://doi.org/10.1037/0003-066x.60.5.410

Tartaglia NR, Ayari N, Hutaff-Lee C, Boada R (2012) Attention-deficit
hyperactivity disorder symptoms in children and adolescents with
sex chromosome aneuploidy: XXY, XXX, XYY, and XXYY.J
Dev Behav Pediatr 33(4):309-318. https://doi.org/10.1097/DBP.
0b013e31824501c8

Tartaglia N, Howell S, Wilson R, Janusz J, Boada R, Martin S, Fra-
zier JB, Pfeiffer M, Regan K, McSwegin S, Zeitler P (2015) The
eXtraordinarY kids clinic: an interdisciplinary model of care for
children and adolescents with sex chromosome aneuploidy. J Multi-
discip Healthc 8:323-334. https://doi.org/10.2147/jmdh.S80242

Tartaglia NR, Wilson R, Miller JS, Rafalko J, Cordeiro L, Davis S,
Hessl D, Ross J (2017) Autism spectrum disorder in males with
sex chromosome aneuploidy: XXY/Klinefelter Syndrome, XYY,
and XXYY. J Dev Behav Pediatr 38(3):197-207. https://doi.org/
10.1097/DBP.0000000000000429

Tartaglia N, Howell S, Davis S, Kowal K, Tanda T, Brown M, Boada
C, Alston A, Crawford L, Thompson T, Rijn S, Wilson R, Janusz
J, Ross J (2020) Early neurodevelopmental and medical profile in
children with sex chromosome trisomies: background for the pro-
spective eXtraordinarY babies study to identify early risk factors
and targets for intervention. Am J Med Genet C Semin Med Genet
184(2):428-443. https://doi.org/10.1002/ajmg.c.31807

Thompson T, Howell S, Davis S, Wilson R, Janusz J, Boada R, Pyle L,
Tartaglia N (2020) Current survey of early childhood intervention
services in infants and young children with sex chromosome ane-
uploidies. Am J Med Genet C Semin Med Genet 184(2):414—427.
https://doi.org/10.1002/ajmg.c.31785

Thompson T, Davis S, Takamatsu S, Howell S, Tartaglia N (2022)
Exploring academic and character strengths in students with sex
chromosome aneuploidies. J Posit Sch Psychol 6(1):12-24

Urbanus E, Swaab H, Tartaglia N, Boada R, van Rijn S (2022a) A
cross-sectional study of early language abilities in children with
sex chromosome trisomy (XXY, XXX, XYY) aged 1-6 years.
Child Neuropsychol 28(2):171-196. https://doi.org/10.1080/
09297049.2021.1960959

Urbanus E, Swaab H, Tartaglia N, Stumpel C, van Rijn S (2022b)
Structural and pragmatic language in young children with sex
chromosome trisomy (XXX, XXY, XYY): predictive value for
neurobehavioral problems one year later. The Clinical Neuropsy-
chologist, 1-26. https://doi.org/10.1080/13854046.2022.2067078

Visootsak J, Graham JM (2006) Klinefelter syndrome and other sex
chromosomal aneuploidies. Orphanet J Rare Dis 1(1):42. https://
doi.org/10.1186/1750-1172-1-42

Wilson KE, Fish AM, Mankiw C, Xenophontos A, Warling A, Whit-
man E, Clasen L, Torres E, Blumenthal J, Raznahan A (2021)
Modeling familial predictors of proband outcomes in neurogenetic
disorders: initial application in XYY syndrome. J Neurodev Dis-
ord 13(1):12. https://doi.org/10.1186/s11689-021-09360-7

Zhao Y, Gardner EJ, Tuke MA, Zhang H, Pietzner M, Koprulu M,
Jia RY, Ruth KS, Wood AR, Beaumont RN, Tyrrell J, Jones SE,
Lango Allen H, Day FR, Langenberg C, Frayling TM, Weedon
MN, Perry JRB, Ong KK, Murray A (2022) Detection and char-
acterization of male sex chromosome abnormalities in the UK
Biobank study. Genet Med 24(9):1909-1919. https://doi.org/10.
1016/j.gim.2022.05.011

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/jgc4.1407
https://doi.org/10.1002/jgc4.1407
https://doi.org/10.1097/dbp.0000000000001153
https://doi.org/10.1097/dbp.0000000000001153
https://doi.org/10.1002/ddrr.85
https://doi.org/10.1542/peds.2011-0719
https://doi.org/10.1542/peds.2011-0719
https://doi.org/10.1111/gbb.12200
https://doi.org/10.1007/s10902-018-9990-2
https://doi.org/10.1007/s10902-018-9990-2
https://doi.org/10.1097/aog.0000000000004084
https://doi.org/10.1097/aog.0000000000004084
https://doi.org/10.1037/0003-066x.60.5.410
https://doi.org/10.1097/DBP.0b013e31824501c8
https://doi.org/10.1097/DBP.0b013e31824501c8
https://doi.org/10.2147/jmdh.S80242
https://doi.org/10.1097/DBP.0000000000000429
https://doi.org/10.1097/DBP.0000000000000429
https://doi.org/10.1002/ajmg.c.31807
https://doi.org/10.1002/ajmg.c.31785
https://doi.org/10.1080/09297049.2021.1960959
https://doi.org/10.1080/09297049.2021.1960959
https://doi.org/10.1080/13854046.2022.2067078
https://doi.org/10.1186/1750-1172-1-42
https://doi.org/10.1186/1750-1172-1-42
https://doi.org/10.1186/s11689-021-09360-7
https://doi.org/10.1016/j.gim.2022.05.011
https://doi.org/10.1016/j.gim.2022.05.011

	Understanding the phenotypic spectrum and family experiences of XYY syndrome: Important considerations for genetic counseling
	Abstract
	Introduction
	Neurodevelopmental features
	Cognitive
	Psychiatric

	Management recommendations and multidisciplinary care
	Individual and family experiences of the diagnostic journey
	Genetic counseling for XYY
	Recommendations for clinical practice

	Areas for future research
	Conclusion
	References


