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This special issue considers various aspects of sex chromosome

clinical practice. For example, we note that early uncontrolled studies

abnormalities (SCA's) including Klinefelter syndrome (47,XXY),

without randomization has led to androgen treatment of young boys

Triple-X syndrome (47,XXX), 47,XYY syndrome, and conditions with

with Klinefelter syndrome in the United States and other countries,

rarer X or Y types of aneuploidy. This issue follows a successful spe-

based on the unproven belief that such treatment may alleviate some

cial issue on Turner syndrome entitled “Proceedings of the Turner

of the neurocognitive deficits associated with the condition

syndrome network symposium” published last year in the American

(Samango-Sprouse et al., 2015). Only recently have properly random-

Journal of Medical Genetics Part C. A survey of the scientific litera-

ized and placebo-controlled studies reported results of the effects of

ture demonstrates reveals a great deal of information on Klinefelter

early androgen treatment. In one study in infants, testosterone treat-

syndrome, but also a paucity of papers on conditions such as 47,XXX

ment led to a decrease in adiposity, which is otherwise increased in

and 47,XYY syndromes, not to mention syndromes with multiple addi-

infants with XXY (Davis et al., 2019). In another study, oxandrolone

tional sex chromosomes such as 48,XXXY, 48,XXYY or 49,XXXXY. In

treatment of boys aged 4–12 years, led to limited improvements in

addition to a lack of information on clinical aspects of these SCA con-

one (visual motor skills) of five primary endpoints concerning cogni-

ditions there is limited research about understanding the molecular

tion (Ross et al., 2017), but also led to a 20-fold increased risk of early

mechanisms that link the presence of additional sex chromosomes to

gonadarche (Davis et al., 2018). Thus, introduction of seemingly

phenotypes. The goal of this new issue of the American Journal of

innocuous treatments aimed at improving one aspect of life can lead

Medical Genetics Part C is to discuss issues related to the diagnosis,

to adverse effects on other aspects and illustrates the importance of

phenotypic features, and clinical care of SCA patients and to provide a

rigorous scientific investigation. Large, collaborative, interdisciplinary

better understanding of the molecular basis of the disease processes.

studies with robust research methods are needed in addition to inter-

The lack of a comprehensive compilation of information regarding
all aspects of life with a SCA condition hampers diagnosis and clinical

national effort to develop evidence-based clinical practice guidelines
for all SCAs.

care of patients. A few specialty clinics around the world care for peo-

Another important question discussed in this special issue that is

ple with SCA's and thus have accumulated important knowledge con-

not properly addressed in the current literature is diagnosis of SCA's.

cerning various aspects of life with an SCA, but a comprehensive

Although, in theory a very simple question, it turns out that in practice

review and integration of the literature informing evidence-based

it is exceedingly difficult to diagnose most patients with SCA. Avail-

practice guidelines is lacking. This results in uncertainty about best

able evidence shows that most patients with SCA are not being diag-

care practices, disparities in care, and variable outcomes. Due in part

nosed, and when they are, it is often after lengthy diagnostic odysseys

to the lack of robust scientific research in SCA's, the little literature

through the health care system (Berglund et al., 2019). This may seem

available can become over-generalized and prematurely adopted into

trivial, but probably contorts most clinical research due to
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ascertainment bias, as pediatric research projects include only the

as new research exploring relationships of cognitive skills with neu-

most affected individuals who have received a diagnosis combined

roanatomical findings (Warling et al., in press). New research is also

with those diagnosed prenatally, while many others with SCA are only

presented that addresses important questions seeking to identify

diagnosed during late adolescent or adult life, or not at all. There is no

origins of later, well-known psychological risks by looking at early

easy solution to increase diagnostic rates, but we, and others, have

behavioral profiles in the first years of life (Urbanus et al., 2020).

suggested inclusion of SCA testing in newborn screening programs

Executive functioning deficits are well recognized as part of the neu-

(Berglund et al., in press). In order to do so, however, certain condi-

ropsychological phenotype in SCA, and these are further character-

tions need to be fulfilled—the disorder in question needs to represent

ized in 47,XXY with consideration of how EF deficits are measured

an important health problem with a latent, early asymptomatic stage

in clinical settings (Janusz et al., in press). Further, one report specifi-

and a well-understood natural history for which there are accepted

cally on adults with SCA is an excellent example of a preliminary

treatments that clearly impact outcomes, as well as associated facili-

study exploring interrelationships between actigraph measures of

ties for diagnoses and treatment (Grosse et al., 2010). While some of

sleep with executive functioning and mental health (Fjermestad

these criteria may be considered fulfilled for Klinefelter syndrome

et al., 2020), and these types of studies that explore the link

(and Turner syndrome), they certainly are not for the other SCA's.

between psychological and medical features deserve more attention

Clearly more research and more awareness are needed in this area,

across all SCA conditions.

and in this issue Tartaglia et al. introduce a prospective study of pre-

A specific group of SCA's we have little information about is the

natally diagnosed infants with SCAs that is designed to better charac-

group of rare patients with more than 47 chromosomes. These

terize the early natural history and predictors of phenotypic variability

patients clearly have additional considerations often related to more

in order to identify early targets for intervention and inform discus-

significant cognitive deficits, behavioral challenges, and medical com-

sions around newborn screening (Tartaglia et al., in press). New data

orbidities. One of these conditions, 48,XXYY syndrome, is reviewed in

related to the diagnostic problems with non-invasive prenatal testing

this issue with a summary of medical and psychological features, as

and monosomy X is also discussed (Sund et al., in press).

well as an emphasis on the need for more patient-center research

Being a parent and receiving a SCA diagnosis for a child of any

targeting problems and concerns of patients and their families

age can be challenging, and many parents ask themselves where to go

(Blumling et al., in press). There is no doubt that additional research is

for information and what can be done about the condition. Family

needed to better understand these rare disorders, especially with

experiences about receiving a diagnosis are discussed here in the US

regard to genomic anomalies in relation to medical problems and neu-

context (Riggan et al., 2020) and results of a national survey are pres-

rocognition, and with emphasis on how and where care guidelines

ented about the types of services and therapies that parents currently

may be different compared to trisomies.

utilize for young children (Thompson et al., 2020). Following a new

The genetics of SCA is truly intriguing and currently seems to be

diagnosis questions also arise about which of the many risks associ-

on the verge of various breakthroughs. Fascinatingly, a molecular

ated with SCAs may be most important in overall adaptive functioning

understanding of SCA is much more complicated than previously

in day-to-day life, and this question is explored among children with

envisioned. In SCA all but one X chromosome are subject to silencing

Trisomy X syndrome (Wigby et al., in press).

X inactivation. Thus, in theory there should be no deleterious effects.

Epidemiology has greatly improved our knowledge concerning

However, a number of genes escape X inactivation, a phenomenon

many aspects of life with SCA. However, such studies are based on

that varies between tissues/cell types, and several genes are

national registries, which are currently only available in three North-

expressed

ern European countries—UK, Sweden, and Denmark. Thus, there is an

Berletch, 2019). Here we include an update on the process of X chro-

urgent need for epidemiological studies from other parts of the world.

mosome inactivation and escape from X inactivation and how these

National registries are excellent tools not only for assessing mortality,

processes may play a role in SCA (Navarro-Cobos et al., 2020). In

morbidity, socio-economic conditions, but also for evaluating quality

addition, an interesting review shows that gene expression and epige-

of care, for example, by determining adherence to relevant treatment,

netic effects in SCA not only relate to the sex chromosomes, but also

such as testosterone substitution therapy in Klinefelter syndrome

to the entire genome, illustrating that numerical changes in sex chro-

(Berglund et al., in press; Chang et al., 2019). Since all SCA's are rare

mosomes have global effects (Skakkebæk et al., in press). A new paper

conditions themselves, epidemiology can also help discover less fre-

including original data describes changes in DNA methylation and

quent associations of a SCA with other rare conditions.

RNA expression in 47,XXX syndrome, with the unexpected findings of

from

the

Y

chromosome

(Fang,

Disteche,

&

The current issue provides a wealth of new information and

less efficient inactivation of the supernumerary X chromosome in this

detailed reviews on cognitive, neuroanatomical, and psychological

condition (Nielsen et al., in press). This issue also discusses the role of

aspects of SCA's, and the broad phenotypic variability seen within

additional genomic copy number variants in enhancing variability in

each condition. Neurocognitive challenges are more common in all

the neurodevelopmental phenotype of patients with SCA, similar to

SCA's, with some overlap between syndromes, but also with unique

what has been reported in Turner syndrome (Mountford et al., 2020;

profiles for specific SCA's. Here, we include reviews on psychological

Prakash et al., 2016). Finally, a review of mouse models designed to

features, specific learning disorders, and neuroanatomical pathways

replicate SCA's, for example, Klinefelter syndrome describes a promis-

in SCAs, (Karipidis et al., in press; Skakkebaek et al., in press), as well

ing area of in vivo research (Arnold, 2017; Wistuba et al., 2020). While
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it is clear that both genetic and epigenetic features of the entire

care and an infrastructure for conducting multicenter research in SCA

genome are dysregulated in SCA, there is still a lack of understanding

populations. The creation of European Reference Networks, especially

about the specific genes that may cause specific phenotypes, and

the European Reference Network on Rare Endocrine Conditions (Ali

more research is needed on specific cell types.

et al., 2019; Hiort et al., 2019), should also prove to be a leveraging

Medical care of SCA's is partly hampered by lack of knowledge by

mechanism for ensuring equal level and accessibility of care, as well as

providers who often care for only a limited number of patients in their

quality of life, fertility, and optimal care, for promoting cross-border

practice, and several papers in this issue address medical care of

research within the EU (and eventually also outside of the EU) in basic

patients with SCA. In particular, we include reviews on the

mechanisms and other aspects of SCA's. These US and EU efforts

hypothalamic–pituitary–gonadal axis in SCA (Rogol, 2020), and a new

should also facilitate the creation of similar networks in other parts of

study on cardiometabolic risk factors in youth with Klinefelter syn-

the world.

drome with suggestions for clinical screening (Davis et al., in press).

We hope that this issue will provide clinicians and researchers

We also review medical problems related to Klinefelter syndrome and

around the world with updated information on supernumerary SCA's,

the effects of testosterone treatment in men with Klinefelter syn-

and also highlight where more research is needed. We also hope that

drome (Chang et al., in press; Zitzmann et al., 2020). The cardiovascu-

this initiative will foster focused workshops and international collabo-

lar aspects of Klinefelter syndrome are also reviewed (Spaziani et al.,

ration and ultimately the creation of multidisciplinary international

2020). One review examines the mini-puberty in infants with

evaluation and treatment guidelines.

Klinefelter syndrome and how this may affect the phenotype
(Aksglaede et al., in press).
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Care for patients with SCA's clearly needs to integrate several
specialty clinics in order to provide high quality multi-disciplinary care.
How this is best provided is not well defined. Indeed, there are no
international consensus or guidelines to provide best quality care for
Klinefelter syndrome, Triple X syndrome, and 47,XYY syndrome. In
contrast, there are international guidelines for Turner syndrome
(Gravholt et al., 2017). In addition to providing guidelines for care, the
Turner syndrome community has also been instrumental in staging
international workshops, creating multidisciplinary clinics, fostering
international research collaborations, and pinpointing areas for future
research. The Denver group has previously published on their pediatric model of care called the eXtraordinarY Kids Clinic (Tartaglia
et al., 2015), and this has served as a model for several other interdisciplinary clinics in the US and establishment of the AXYS Clinical and
Research Consortium that aims to provide consensus for best clinical
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