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Abstract

Context: Klinefelter syndrome (KS, 47,XXY) and 47,XYY syndrome are genetic conditions
characterized by a supernumerary sex chromosome. The conditions share many
traits, but considerable phenotypic differences are seen between the two. Focusing
on morbidity, mortality, and socioeconomics, this review highlights similarities and

differences.

Methods: Relevant literature was identified through PubMed with the following search
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terms; 'Klinefelter', '47,XXY', '47,XYY', and 'Jacobs syndrome'. Included journal articles

were chosen at the authors’ discretion.

Results: KS and 47,XYY are the most common sex chromosome disorders in males, with
an expected prevalence of 152 and 98 per 100,000 newborn males, respectively. Non-
diagnosis is extensive, as only about 38% of KS and 18% of 47,XYY are diagnosed. Both
conditions are associated with an increased mortality risk and increased risk of a variety
of diseases and other health-related problems affecting virtually every organ system.
Early diagnosis seems to predict a lesser comorbidity burden. Neurocognitive deficits as
well as social and behavioral problems are commonly described. Both syndromes are
associated with poor socioeconomic for example, lower income and educational level
and higher rates of crime. Infertility is a hallmark of KS, but fertility seems also reduced

in 47,XYY.

Conclusion: Being born as a boy with an extra X or Y chromosome is associated with
increased mortality and excess morbidity, partially expressed in a sex chromosome-
specific pattern. Both syndromes continue to be greatly underdiagnosed, even though

early intervention may improve the overall outcome. Earlier diagnosis to initiate timely

counseling and treatment should be emphasized.
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Introduction

Klinefelter syndrome (KS) and 47, XYY syndrome are
two distinct common sex chromosome abnormalities
sharing some known similarities. KS is comparatively
well described, where plentiful studies have expanded our

knowledge during recent years, especially concerning the
natural course during adulthood. Knowledge concerning
47,XYY syndrome is much more limited. Here, we review
the similarities and differences between KS and XYY.
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Diagnosis and epidemiology of male
supernumerary sex chromosome
abnormalities

The prevalence of KS has been estimated to be 57 per
100,000 in newborn males, perhaps with an increasing
incidence over the last 50 years (1). Other studies found
an adult prevalenceranging from 11 to 34/100,000 men in
the diagnosed population. Previous cytogenetic surveys
have found an expected prevalence of 152/100,000
men. The main reason for the discrepancy is that only
about 38% of expected KS patients are diagnosed (1, 2,
3). The prevalence of diagnosed 47,XYY in the Danish
population has been increasing in the last 50 years
(1). Much like KS, 47,XYY is underdiagnosed with a
prevalence of 3-9/100,000 in diagnosed populations.
In newborns, 47, XYY were found in 18/100,000 boys,
corresponding to 18% of the expected 98/100,000 found
in cytogenetic surveys (1, 2). A recent study from the UK
Biobank study among 207,067 males showed that only 49
of 213 (23%) KS males and 1 of 143 (0.7%) 47,XYY males
were diagnosed, but indeed presented with comorbidity
closely matching those males with a known diagnosis of
either KS or 47, XYY syndrome (4).

The median age of diagnosis is 27.5 years among KS
compared to 15.1 years in 47,XYY. Among KS there is an
increasing diagnostic rate at age 25-35 years, most likely
related to consultations in fertility clinics. The fertility
rate among 47,XYY is higher than in KS, likely resulting
in the identification of fewer cases through young adult
years.

An estimated 87% of KS patients have the 47,XXY
karyotype, while the remaining 13% have a variety of
mosaic karyotypes. Considering the varied phenotype
of KS and that conducted studies may only include
the most symptomatic KS cases, it is difficult to make
specific recommendations for diagnostic criteria that
include all ranges of KS phenotypes. The European
Academy of Andrology guidelines on Klinefelter
Syndrome recommends that all patients with primary
hypogonadism, of gonadotropins
and testis volume < 5 mL, as well as patients with
non-obstructive severe oligozoospermia, should have
karyotype analysis to exclude or confirm KS. Boys with
cryptorchidism without spontaneous descent within a
year should be screened for KS (5).

The continued underdiagnosis of KS and 47,XYY
point toward a structural problem in modern health
care and perhaps the implementation of better screening
methods, involvement of school nurses, and general

increased levels

information about the syndrome could lead to more KS
and 47,XYY males being diagnosed earlier, increasing
the likelihood of receiving correct treatment and clinical
care. For general practitioners, physical examination
is important, since small testes, increased height, and
low hemoglobin in otherwise healthy males should
lead to further investigation for KS. Suspecting 47, XYY
from physical examination alone is more difficult due
to less abnormal differences compared to normal males;
however, flat feet, knee valgus, and clinodactyli are more
frequent in 47,XYY.

Morbidity and mortality in Klinefelter
syndrome

Increased morbidity and mortality are well described
in KS. Hypergonadotropic hypogonadism is one of the
most frequent issues in KS patients, resulting in infertility
and accelerating metabolic syndrome, with 90-100%
of KS patients having elevated gonadotropins (follicle-
stimulating hormone, luteinizing hormone) and 65-85%
of KS patients having decreased testosterone levels (6).
KS patients may have signs of hypogonadism regardless
of testosterone levels within the normal range. Even
though current guidelines suggest that only KS with low
testosterone should receive testosterone replacement
therapy (TRT), we suggest that elevated gonadotropins
in KS should result in consideration of TRT regardless of
testosterone levels (Fig. 1).

Endocrine diseases with autoimmune components
are seen more frequently in KS patients compared to
men from the background population. The risk of
hypothyroidism is about three-fold increased, while the
risk of Addison’s disease is about twelve-fold (7), and the
risk of type 1 diabetes is two-fold and type 2 diabetes is
about four-fold increased (8, 9).

Other autoimmune diseases are observed more
frequently in KS males compared to controls and the
pathophysiology is still unclear, but the diseases seen more
frequently in KS males resemble the autoimmune disease
pattern typically found in women (9). In KS, conditions
like multiple sclerosis (relative risk (RR): 4.3), rheumatoid
arthritis (RR: 3.3), Sjogren’s syndrome (RR: 19.3), and
systemic lupus erythematosus (RR 18.1), as well as
inclusion body myositis, polymyositis/dermatomyositis,
and systemic sclerosis are seen more frequently (10).
Exceptions are autoimmune diseases like ankylosing
spondylitis and Goodpasture’s disease, which are not seen
more frequently among KS males (7). A likely explanation
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| Increased gonadotropin levels: > 75 %

*

Learning disabilities: > 75 %
sk | Psychiatric disturbances: >25%

Tremor (Parkinson-like symptoms): >25 %

%k | Decreased beard growth: 60-80 %

| Autoimmune disorders: increased risk |

* The metabolic syndrome: 46 %
Type 2 diabetes: 10-39%

Abdominal adiposity: ~50 %
Increased body fat

*

Osteopenia: 40 %
* Osteoporosis: 5-10 %

Fractures: ~2-40 fold increased risk
Osteoarthritis: ~4 fold increased risk

Increased height: >30 %

Figure 1

Gynecomastia: 28-75 % k
Breast: ~4 fold increased risk and mediastinal cancer

Ischemic heart disease: ~1.5 fold increased risk | k

Venous thrombosis: ~3-6 fold increased risk | %k

Decreased testosterone levels: >75 %

Infertility : > 99 % and Azoospermia: > 95 %

Cryptorchidism:27-37 %

Decreased bi-testicular testis volume: >95 %

Decreased pubic hair: 30-60 % and decreased penile size: 10-25 %

Decreased muscle mass and strength: ~40 % | k

Abnormalities and diseases in KS males. *Testosterone may possibly positively impact several features of KS (12).

could be the extra X-chromosome mimicking the genome
of 46,XX women.

KS males are known to have impaired bone
metabolism, reduced bone mass density (BMD) (11), and
a prevalence of osteoporosis of 5-10% and approximately
40% for osteopenia (12).
hypogonadism and a higher prevalence of metabolic
syndrome are some factors that potentially decrease
BMD. A Danish registry study found an eight-fold
increased risk of osteoporosis and a 1.4-fold increased
risk of fractures (8). Assessing BMD using high-resolution
peripheral quantitative computed tomography shows
reduced bone parameters compared to controls (13).
One study found vertebral fractures were more likely in
KS patients diagnosed after the age of 21 compared to
those diagnosed before the age of 21, regardless of BMD
(14). Di Nisio et al. found an inverse relationship between
the Leydig-specific marker insulin-like 3 peptide (INSL3)
and sclerostin, a protein involved in bone catabolism.
INSL3, which has an anabolic effect on bone, is reduced
in KS patients and is associated with reduced lumbar and
femoral BMD in patients with osteoporosis (15).

Studies have found that treated KS patients have
higher lumbar BMD than non-treated KS patients and
found direct negative effects of age of diagnosis and

Relative or manifest

body composition on the trabecular bone score and risk
of vertebral fractures (16). The duration of testosterone
treatment is linked to improved body composition (17,
18). The administration route of testosterone, transdermal
vs injection, is in a 5-year observational study assessed
as equally effective in terms of metabolic parameters and
BMD (19); however, proper randomized studies are needed
to fully appreciate possible differences in the route of
administration of testosterone. Vogiatzi et al. conducted a
randomized controlled trial study that showed increased
bone health index in KS boys aged 5-10 years with the
administration of oxandrolone, an anabolic steroid, over
a 2-year period (20).

Taken together, this indicates that bone metabolism
is impaired in KS patients due to hypogonadism, body
composition, and possibly the chromosome abnormality
in itself. Higher rates of osteoporosis and fractures
require a focus on early diagnosis and sufficient androgen
treatment to likely improve bone strength and reduce
fracture risk.

When KS was first described by Harry Klinefelter in
1942, it was associated with gynecomastia (21). A later
epidemiological study foundahazardratio (HR) of 34.8 for
gynecomastia in KS compared with 46,XY males. Studies
have found the prevalence of gynecomastia between 24
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Scoliosis~13%
Flat feet~44%

Figure 2
Abnormalities and diseases present in 47,XYY males (32, 36, 90, 91).

and 70% in KS, with the prevalence influenced by the
definition of gynecomastia and how well physicians
diagnose it (22). A UK study from 2021 on adolescent
KS and controls found no difference in the incidence of
gynecomastia, 35.6 vs 34.0%, respectively (23). However,
the frequency of gynecomastia is quite low in hospital
discharge diagnoses (8), amounting to 4.4% among KS
and 0.15% among controls. The KS phenotype varies
greatly as well as the level of hypogonadism. KS patients
who are not treated sufficiently with testosterone likely
present with gynecomastia more often.

Congenital malformations are more frequent in KS,
with malformations of the heart occurring five-fold more
frequent, malformations of the genitalia being five-fold
more frequent, and retention of testes being six-fold more
frequent (8). Swerdlow et al. studied 3518 KS patients and
also found a seven-fold increased mortality standardized
mortality ratio (SMR) due to congenital anomalies.

Extra-gonadal germ cell tumors (GCTs) are 19 times
more frequent in KS than in other males (24). Some
recommend that all patients with GCT are screened
for KS since 33% of GCT patients have KS (25), and this
seems to be a prudent suggestion. Gonadal germ-cell
neoplasia has not been observed more frequently in KS,

Macrocephaly ~ 30%
Hypertelorism ~ 60%
ADD or ADHD ~ 50%
Bipolar ~ 8% L
Autism 25-50% ~ / Y | Seizures ~13%
Speech issues ~ 83% .
Special education ~ 43% A
Dental problems ~22% Asthma ~ 39%

Increased risk of circulatory
system and ischemic heart
disease ~ 2 fold

et I Increased testicle size ~50%

I Low musculature ~20%

only extra-gonadal GCTs derived from somatic cells are
more frequent in KS (26). Based on KS prevalence among
breast cancer patients, it is estimated that KS patients have
a 50-fold increase in breast cancer rates and a SMR of 57.8.
Especially in mosaic KS patients, breast cancer seems to be
increased (27). However, since the absolute risk of breast
cancer is very low in the male background population,
the absolute risk of breast cancer among KS males is not
sufficiently high to warrant systematic examination.
Prostate cancer is less frequent in KS patients (27). Non-
Hodgkin lymphoma is found with increased frequency in
KS patients in two studies (27, 28). Solid tumors seem to be
less frequent than among controls (27). However, results
on cancer risk in KS are conflicting since the diagnosis
of KS patients is incomplete, and the true risk of cancer
in the entire KS population remains unknown (Table 1).
The overall cancer risk seems to be similar to that of the
background population.

Research has indicated that androgen receptor
insensitivity may play role in the phenotype
individuals with KS. CAGn repeats, which are linked to
specific phenotypic traits such as gynecomastia, reduced
bone density, testicular size, body height as well as

in

education, time of diagnosis, and stable partnership (29).
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Table 1 Cancer risk in males with KS.

UK data(27)

Danish data (9, 88, 92)

Swedish data (28, 93)

All malignancies SMR: 1.2 (1.0-1.4)

Breast cancer SMR: 57.8 (18.8-135.0)

Prostate cancer SMR: 0 (0-0.7)
SIR: 0.2 (0.02-07)
SMR: 3.5 (1.6-6.6)
SIR: 2.0 (0.8-3.9)

Non-Hodgkin lymphoma

Haematological malignancy
Solid tumors

Leukemia

Lung

SMR:1.7 (0.5-4.3)
SMR: 1.5 (1.0-2.0)
SIR: 1.4 (1.0-1.9)

HR: 1.33 (1.03-1.72)
RR: 1.1 (0.8-1.5)

RR: 1.6 (0.7-3.0)
HR: 1.22 (0.55-2.72)

SIR: 0.87 (0.66-1.12)

RR: 49
SIR: 4.37 (0.00-25.03)
SIR: 0.24 (0.06-0.61)

SIR: 3.02 (1.44-5.57)

SIR: 2.72 (1.61-4.30)
SIR: 0.66 (0.47-0.90)
SIR: 3.62 (1.30-7.93)
SIR: 1.16 (0.46-2.41)

Significant results are in bold.

HR, hazard ratio (95% Cl); RR, relative risk (95% Cl); SIR, standardized incidence ratio (95% Cl); SMR, standardized mortality ratio (95% Cl).

However, other research has not confirmed this
association and questions the importance of androgen
receptor insensitivity in KS (30), and it is safe to say that
larger studies will be needed to resolve this issue.

Morbidity and mortality in 47,XYY syndrome

While numerous studies have highlighted an increased
disease risk in KS, only a few studies have reported on
the risk of comorbidity in 47,XYY syndrome. Current
literature is dominated by case reports and a few small
single-center cross-sectional studies, and in many
cases, no major medical problems are present. However,
population-based studies from the UK and Denmark have
reported a two- to three-fold increase in overall mortality
in 47,XYY compared to the general population (31, 32)
and a more than two-fold increase in overall morbidity
(33). In addition, 19% of men with 47,XYY report poor
overall health and far more (63%) long-standing illness
or infirmity(4) - stressing a need for much more focus on
long-term health outcomes in boys and men with 47,XYY
syndrome.

As in KS, 47, XYY syndrome males probably have
an increased risk of congenital malformations (Fig. 2).
Disregarding minor malformations including flat feet,
knee valgus, and clinodactyly, all commonly described
features of 47,XYY syndrome (34, 35, 36), malformations
are typically not reported in relation to XYY. However,
evaluating causes of death in males with polysomy Y,
Higginsetal. reportedincreased mortality due to congenital
malformations (32), and evaluating in- and outpatient
hospital diagnoses in the Danish 47,XYY cohort, we found
a significantly increased risk of malformations related

to the circulatory system, although without any clear
pattern of specific malformations (33). Data from the UK
Biobank showed a significant association between 47,XYY
and spina bifida (4). As discussed elsewhere in this review,
it is well-known that KS and Turner syndrome (45,X)
(37, 38) are associated with an increased risk of a range
of autoimmune diseases, whereas, to our knowledge,
no such associations have been reported for 47,XYY.
Recently, however, Howell et al. aimed to investigate
for an association between eosinophilic esophagitis, an
autoimmune esophageal disease characterized by an
increased number of eosinophils in the esophagus and
symptoms of esophageal dysfunction (38), and conditions
with supernumerary sex chromosomes. The results
were a higher than expected rate of feeding difficulties
and gastroesophageal among their patients (39). Out
of 71 youngsters with 47,XYY, 4 were diagnosed with
eosinophilic esophagitis (1 per 18 47,XYY), suggesting
a substantially higher risk than in the general pediatric
population (39). Treatment for eosinophilic esophagitis
can include proton pump inhibitors. Interestingly,
investigating prescribed medication among 47,XYY and
age-matched general population male controls, we found
47,XYY males to have a significantly increased risk of being
prescribed medication for acid-related disorders (33),
although the study was unable to draw any conclusions
on the reason for this increased prescription rate.
Assessing 92 boys with 47,XYY at a mean age of 9.6
years, Bardsley et al. found that most boys were of relatively
normal weight, but there was a trend toward central
adiposity (36). In contrast, adult 47,XYY men participating
in the UK Biobank were found to have higher body mass
index (BMI) and a higher percentage of total body fat
than 46,XY men as well as lower levels of high-density
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lipoprotein (HDL), higher levels of triglycerides, and a
significantly increased risk of type 2 diabetes and obesity
(4) - all pointing toward an association between 47,XYY
syndrome and an unfavorable body composition with a
negatively altered metabolic profile.

Compared to the general population, mortality in
47,XYY due to pulmonary disease is increased five- to
ten-fold (31, 32), and asthma has been reported as a
frequent feature of 47, XYY syndrome (36, 40). 47, XYY
men in the UK Biobank had significantly lower forced
expiratory volumes than their 46,XY counterparts and a
significantly increased risk of asthma (20% of 47,XYY vs
12% of 46,XY) (4). In comparison, in the Danish 47, XYY
cohort, 17% had a hospital contact related to asthma and
4% had at least one contact related to chronic obstructive
pulmonary disease, both corresponding to an incidence
rate ratio of nearly six, when compared to controls (33).
These findings were confirmed by a significantly increased
risk of prescriptions for obstructive lung disease among
47, XYY men (33).

Neurocognition, socioeconomy, and crime

Itis a clinical observation that not only do many men with
KS or 47, XYY have problems with assessing the job market
and keeping a job, but already in the classroom many
boys with KS or 47,XYY struggle. This seems to translate
to affected socioeconomic status. However, the causes are
manifold and not fully uncovered.

Learning and intellectual disabilities, using the
Differential Abilities Scale, were seen in 82 boys with
KS compared with 50 control boys with a mean age of 9
years (41). A follow-up study on 19 KS boys ascertained as
newborns in a cytogenetic survey described that most KS
men have less skilled jobs than their fathers, but without
an increase in unemployment (42). Further, autism traits
were significantly higher across all dimensions for the
autism phenotype in 31 men with KS compared to 20
control men from the background population, whereas
there was no difference in intellectual ability (43). In
another study investigating personality traits, anxiety,
and depression, 69 men with KS were compared with
male controls matched for age and years of education.
Here, anxiety and depression symptoms were markedly
increased in KS, and neuroticism was identified as having
a central role (44). In the same two groups, the frequency
distribution of scores on autism spectrum quotient
subscales was shown (45). Men with KS scored lower on
attention switching, imagination, communication, and

social skills compared to controls, with no difference in
attention-to-detail scores. Moreover, men with KS have
difficulties in visuospatial processing, face recognition,
and in recognition of facial expression when investigated
using the Amsterdam Neuropschychological Tasks
program (46).

As these neurocognitive challenges affect not only
the early years of schooling and education, a challenged
socioeconomic status in many men with KS must be
anticipated. A national study on 1049 KS men showed a
reduced level of education, fewer achieving fatherhood
and fewer attaining marital status,
throughout the lifespan, and an increased level of
retirement compared to age-matched general population
controls (47).

Whether social management training in KS men
is an effective tool to improve social, emotional, and
behavioral functioning is not thoroughly investigated.
A recent study of 16 men with KS showed no change in
the frequency of engagement in social behavior or overall
distress during social interaction after neurocognitive
intervention (48). However, attention problems and
externalizing behavior such as aggressive behavior and
rule-breaking behavior decreased in KS from the pretest
to the posttest. Similarly, anxious and depressed behavior
decreased significantly.

Regardless, the need for evidence-based treatment
programs in KS is evident no matter the age of the
individual. In the same context, it is noteworthy, that
compared to Down syndrome, available information
on the internet describes KS as a genetic and gendered
syndrome with physical, developmental, and infertility
issues, whereas Down syndrome is described as a syndrome
with opportunities without prominently addressing
physical and health symptoms. This leaves parents of boys
with KS with less hope, a factor which is associated with
worse coping and adaptation (49).

Very few scientific studies concerning criminality
and KS are published. The area is controversial; however,
without sound evidence, this sensitive topic cannot be
addressed and appropriately affected. In 2018, a review
aiming to identify prevalence data on KS and criminality
identified only one study not conducted in a prison
or a hospital, namely a national study on crime in all
diagnosed Danish men with KS (50). In brief, we found
an increased risk of being convicted in men with KS
compared to age-matched men. The only exception was
conviction due to traffic offenses, which was significantly
reduced. Overall, the increased risk of being convicted
was normalized when adjusting for socioeconomic

lower income
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profile, not counting arson and sexual abuse (50). Similar
results have been found for 47, XYY with a slightly higher
HR for convictions other than traffic offenses compared
to age matched men and compared to KS (51). There was
a remarkably increased risk of being incarcerated due to
arson among both KS and 47,XYY males.

Asseen in KS, 47,XYY males are known to be less likely
to cohabitate, become fathers, receive an education,
and are more likely to go become retired (2). A Danish
registry study found that 47,XYY males would cohabitate
S years later than controls (49). At 30 years of age, 11.4%
of 47,XYY have education compared to 29.0% in controls
(49); another Danish registry study found similar results,
with an HR of education of 0.35 in 47, XYY compared to
controls (2, 52). Early retirement is more likely in 47,XYY
when compared to controls and also compared to KS
males. Early retirement is more likely after receiving a
supernumerary sex chromosome abnormality (SCA)
diagnosis, indicating less opportunities or
acceptance of early retirement (2).

Income is seen reduced in 47,XYY in all stages of life
(52). Reasons for a reduced educational level and reduced
income remain unclear. The intelligence quotient (IQ),
in particular verbal IQ, is reduced in 47,XYY, whereas
performance IQ may be reduced; however, results are
not conclusive (53). One study compared 47,XYY boys
with age-matched controls and found alterations in gray
and white matter volume similar to KS patients using
magnetic resonance imaging, yet very dissimilar from
Turner syndrome patients. The structural changes in the

easier

Table 2 Similarities and differences in males with KS and 47, XYY.

brain of supernumerary SCA males may be linked to the
cognitive difficulties in patients with supernumerary
SCAs, but this has not been conclusively shown (54).

Autism spectrum disease (ASD) is, as in KS, increased
in 47,XYY with approximately one out of five receiving an
ASD diagnosis (55). With learning difficulties, most 47, XYY
require support in the early years, yet some manage to get
an education without any assistance. One study compared
two cohorts of 47,XYY - one with postnatal diagnosis and
one with prenatal diagnosis. The prenatal diagnosis group
showed higher verbal IQ, performance 1Q, and full-scale
1Q, as well as better social interaction and communication
skills underlining the importance of early diagnosis and
relevant information for parents and physicians, but
probably also indirectly showing that children diagnosed
postnatally with 47,XYY are more phenotypically affected
orincreased parental resources are present among children
prenatally diagnosed (36).

We presume that early diagnosis would yield a more
optimal situation, making it possible for the trained
clinician to elucidate for the parents the possible
challenges for many of the boys with supernumerary
SCA. Balancing between not stigmatizing the individual,
and introducing the possible social and neurocognitive
deficits in boys with supernumerary sex chromosomes,
not only parents and family but also their kindergarten
teachers and teachers, in general, can most likely improve
their efforts in helping boys with supernumerary sex
chromosomes. Hopefully, boys with supernumerary sex
chromosomes might improve their learning abilities

Klinefelter syndrome (47,XXY)

47,XYY males

Differences

Tall with narrow shoulders, altered body composition and lower muscle

mass
Increased risk of several autoimmune diseases

Impaired bone metabolism and increased risk of fractures
Azoospermia and infertility

Almost all have hypergonadotropic hypogonadism

Similarities
Increased height
Increased truncal fat mass and BMI
Gynecomastia and erectile dysfunction
Increased CVD risk and risk of VTE

Tall, but probably normal body composition

Increased acid reflux and eosinophil esophagitis

No indication of impaired bone metabolism

Varying testicular function

Decreased fertility and reduced likelihood to father
children than normal males

Decreased socioeconomic status, increased rates of autism, decreased

verbal intelligence, and increased crime rates

Generally increased morbidity due to a multitude of different causes

Increased mortality due to congenital malformations
Increased risk of metabolic syndrome

Increased risk of cancer mortality

Poorer socioeconomic status
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and general quality of life with an individualized and
pedagogical approach. Mainly in KS, questions whether
testosterone substitution initiated at the relevant time
during puberty, or later, can alter the socioeconomic
status is still unaccounted for. Randomized trials on the
timing of diagnosis and age of testosterone treatment
seem unethical, although studies aiming at elucidating
whether either early or late pubertal addition of
testosterone is optimal, would be ethical. Observational
studies on differences in outcomes related to the time of
diagnosis might be flawed as early diagnoses often is a
consequence of more severe phenotypes (51).

Testicular function and fertility in 47, XYY
syndrome

In contrast to KS where testicular dysfunction and
infertility is a hallmark, the impact on the testicular
function of an extra Y chromosome is much less
appreciated (Table 2). Historically, there has been an
impression of the 47, XYY syndrome as a ‘super male’
syndrome with robust testicular function, likely because
the first studies of men with 47, XYY were carried out in
penal institutions for aggressive and anti-social behavior
(56) and reported increased levels of testosterone in
47,XYY (57, 58). However, there have been numerous
reports of adult men with 47,XYY and oligozoo- or
azoospermic sperm counts, not rarely in addition to
hypergonadotropic hypogonadism (59,60, 61), and
47,XYY men have shown to be more prevalent in infertile
populations than in the general population (59, 62, 63).
In a nationwide population-based study including all
men diagnosed with 47,XYY in Denmark for almost 50
years, we found that 47,XYY men were much less likely to
father a child compared to general population controls
(52). Similar findings were recently reported in a UK
Biobank study (4).Out of 143 men with 47, XYY aged
40-70 years, more than half were childless, which was
significantly more than the 21% of men with standard
male karyotype (4). Interestingly, the authors found an
apparently normal testicular function in 47, XYY men
compared to 46,XY men as no significant difference in
pubertal timing and testosterone level was observed (4).
This contrasts with Danish epidemiological data showing
a significantly increased occurrence of infertility and
gonadal dysfunction in 47,XYY men compared to
controls, in addition to a significantly increased risk
of being prescribed androgens, indirectly pointing
toward testicular failure among many with 47,XYY.

The Danish data also show an increased occurrence of
gynecomastia, cryptorchidism, and erectile dysfunction
in 47,XYY - all substantiating an increased prevalence of
testicular dysfunction compared to age-matched general
population male controls (33). It can be speculated
whether the different findings in these two studies rely
on the fundamental difference between the UK Biobank
data and the Danish data; where the UK Biobank require
active participation with a risk of healthy volunteer bias
(64) - highlighted by the fact that only 1 out of the 143
men had been diagnosed with 47,XYY clinically (4),
the Danish data are based on patients karyotyped on
the clinicians’ discretion, thus potentially more likely
to represent 47,XYY men at the more severe end of the
phenotypic spectrum. Interestingly, however, among
82 47,XYY boys, whereof half had been diagnosed
prenatally, most often as an incidental finding because
of advanced maternal age screening, Davis et al. found
evidence of impaired testicular function in 47,XYY
already during childhood - with no difference between
pre- and postnatally diagnosed boys. Using measures
of inhibin B and anti-Miillerian hormone (AMH) as a
measure of testicular function, the authors reported
a blunted rise in inhibin B in 47,XYY in early puberty
compared to controls, and prepubertal 47,XYY boys
had higher levels of AMH than prepubertal controls -
likely explained by lower intratesticular testosterone
concentrations or relative resistance to testosterone
(65). Testosterone levels did however not differ between
47,XYY and controls (65). Rather than concluding this to
be a reflection of normal testicular function, the authors
instead suggest that testosterone has lower sensitivity
for estimating testicular function in 47,XYY, especially
prepubertally (65).

Taken together, 47, XYY syndrome appears associated
with varying testicular function, and impairment seems
more prevalent than previously anticipated. There is a
need for future studies to focus on testicular function in
47,XYY and its underlying mechanisms.

Cardiovascular disease

Cardiovascular disease (CVD) is a concern in both KS
and 47,XYY (Table 2). The syndromes are both associated
with increased mortality risk and a reduced life span,
with a large proportion of the excess mortality explained
by an increased incidence of diseases of the circulatory
system (12, 66, 67). For instance, men with KS present
an up to eight-fold increased risk of death due to venous
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thromboembolisms (VTEs) compared to the male
background population (68). The underlying mechanism
driving the excess risk is far from elucidated. This inhibits
the ability of clinicians in guiding patients concerning
individual risk assessment, application of CVD
prophylactic measures and choices regarding treatment
of incident CVD.

Generally accepted commonly acquired risk
factors for VTE include malignancy, major surgery or
trauma, and obesity (69, 70, 71). Established major
risk factors for arterial thrombotic events (ATE) such
as myocardial infarction include hypertension, high
blood concentration of low-density lipoprotein (LDL),
low blood concentration of HDL, glucose intolerance
or diabetes, and smoking (72). Adding to this, atrial
arrhythmia is a major risk factor for stroke and transient
ischemic attacks (73, 74).

Incidence of the above risk factors has been mostly
investigated in KS and to a lesser extent in 47,XYY.
Overall, as discussed earlier, KS is not associated with
an increased risk of cancer, although individual types of
cancer are more frequent (12). Based on observational
data from Danish national registries, the incidence of
a first major surgery per 10,000 person-years was 163.2
in KS and 133.0 in the male background population
yielding an HR of 1.39 (95% confidence interval, 1.29-
1.49) (unpublished observation). Similarly, Danish
registry data yield a higher rate of first hospitalization
for trauma in KS compared with men in the background
population (HR (95% CI), 1.58 (1.38-1.79) (8). There are
no available data describing rates of recurrent surgery or
trauma in KS. Obesity and higher rates of diabetes and
metabolic syndrome are well-established traits in KS (9,
12), and for any given BMI men with KS present with
increased abdominal fat mass compared with control
males (75). These metabolic changes seem to be present
early in life among boys with KS, and a large number
of men and boys with KS present with an unfavorable
lipid profile - increased levels of LDL and low levels of
HDL (12, 75, 76, 77) and men with KS have a higher risk
of being treated with cholesterol-lowering medications
(68). Similarly, Danish registry data find higher rates of
hypertension, atrial fibrillation, angina pectoris, and
arteriosclerosis in men with KS compared with the male
background population with concomitant increased
rates of prescriptions for antihypertensive medications,
anticoagulation therapy, and platelet inhibitors (68).
Comparably, 47,XYY has been associated with increased
rates of obesity in a large register study (33), while an
older observational study on hypertension found no

difference between 47,XYY and matched controls (78).
However, in the aforementioned register study, 47,XYY
was associated with higher rates of prescriptions for
medications in the ATC code C (cardiovascular system)
including diuretics (33), with data on other common
antihypertensive medications (ATC code C07, CO8, and
C09) not given specifically.

Interestingly, we now have data from the UK biobank
finding similarly increased markers of cardiovascular risk
in undiagnosed KS and 47,XYY (4), including higher risk of
type 2 diabetes, arteriosclerosis, and reduced HDL in both
groups. These data support the notion of cardiovascular
risk indeed being an intrinsic complication of these
syndromes.

As indicated by the excessive presence of
cardiovascular risk factors in KS and 47,XYY,
epidemiological studies from different countries have
been able to establish a markedly increased risk of VTE
among these patient populations (4, 33, 67, 68, 79,
80). Similarly, a marked increased risk of ATE would be
expected, but the epidemiological data are less clear in
this regard. We saw no difference in the risk of ATE in
our most recent epidemiological study comparing men
with KS and men in the Danish background population
(68), but men with KS did have a higher risk of ATE-
related death. Similarly, our recent register-based study
on 47, XYY somewhat surprisingly revealed a reduced
risk of ischemic heart disease among the patients
(33). The background for this apparent paradox of an
attenuated ATE risk in KS and 47,XYY is unknown. It is
very likely that other factors including specific genetic
modifications are contributing significantly as modifiers
of CVD risk in KS and 47,XYY. As such, commonly
applied CVD risk prediction algorithms, for example
the Framingham Risk Score and SCORE2, might not be
applicable in these conditions. Future studies accessing
genetic and epigenetic traits associable with CVD risk in
KS and 47,XYY could further be of interest as an overall
model of genetic risk modification in CVD.

Both KS and to some extent 47, XYY present with
hypogonadism that in itself could indicate an increased
CVD risk, with a potential benefit from TRT (81, 82, 83).
There are no data on the effects of TRT on CVD risk in
47,XYY. Data from the Danish registries comparing treated
and untreated KS indicate a protective effect of TRT on
VTE risk in KS, but the finding was non-significant (68).
Similarly, observational studies investigating hemostatic
traits such as platelet aggregation, coagulation, and
fibrinolysis, have not been able to show significant
beneficial or detrimental effects of TRT in KS (84, 85, 86,
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87). As such, the potential of TRT in ultimately reducing
CVDrisk in KS and 47,XYY is still debatable (17).

The only guideline on the treatment of KS currently
available advocates attention to prophylaxis and
treatment of cardiovascular risk factors in KS, including
education on lifestyle and yearly assessment of weight,
waist circumference, blood pressure, fasting glucose,
HbAlc, and lipid profile (S5). Further, in the guideline, it
is suggested to treat thrombosis prophylaxis prior to long-
haul flights or exposure to other risks in patients with KS
to attenuate the increased risk for deep vein thrombosis
and/or pulmonary embolism (5). Both men with KS and
47,XYY have higher hospital admittance rates compared
with controls (33, 88) and VTE prophylaxis in relation
to hospitalization should be strongly considered, based
on an individual risk assessment. This is in line with the
American Society of Hematology 2018 guidelines for VTE
prophylaxis (89) considering, however, that the efficacy
of thromboprophylactic medication in KS has not been
studied specifically and that the evidence supporting
the general recommendations in the guideline are of low
quality. Studies are also needed to elucidate the efficacy
of general treatment protocols for VTE and ATE in KS and
47,XYY to establish guidelines, for instance, describing the
duration of anticoagulation therapy following VTE, etc.

We conclude that both KS and 47, XYY syndrome
show many similarities in relation to the occurrence
of metabolic conditions, such as type 2 diabetes,
an unfavorable lipid profile, body compositional
changes, and arteriosclerosis. Increased specific cancer
rates are best described in KS males but increased
mortality due to cancer may also be present in 47,XYY.
Altered neurocognitive functions resulting in poorer
socioeconomic conditions are also shared, as well as
increased crime rates. Autoimmune disease in general
seems more prevalent in KS males than 47,XYY whereas
acid reflux and eosinophil esophagitis are more
dominant in 47,XYY. KS males have impaired bone
metabolism, which has not been found in 47,XYY;
however, studies investigating this are sparse. There are
specific traits such as almost universal hypogonadism
and infertility among KS males, but also some males with
47,XYY seem to be affected by these traits. No dominant
trait separates 47,XYY from K§, it seems that the KS and
47,XYY share many of the same phenotypical traits, but
with differences in frequency. More studies are needed
to investigate how these phenotypical traits arise and
how KS and 47,XYY have partly overlapping phenotype
yet different genotype.
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