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INTRODUCTION

Klinefelter’s syndrome (KS) was first described 80 years ago [1]; 5 years after 
this initial publication, researchers found that men with KS have an excess num-
ber of X chromosomes [2]. KS is the most frequent chromosomal disorder in 
males, with an estimated prevalence of 1:500 to 1:1,000 live male births [3,4]. 
However, the actual prevalence is probably greater due to failure to identify, and a 
marked delay in diagnosing the syndrome may occur due to its variable pheno-
type. 

Sometimes, the clone with extra-X chromosome has been found in bone mar-
row aspiration during work-up for hematologic or lymphoid disease in adult 
males. In these cases, additional tests should be performed to distinguish between 
malignant clones with extra X chromosome(s) and constitutional clones with KS. 
Most physicians do not suspect KS and do not consider its impact.

Here, I will review the prevalence of KS according to epidemiological studies, 
the pattern of karyotypes, KS genomics and epigenetics, and the risk for certain 
diseases in KS patients. 

Prevalence of KS
KS is the most common chromosomal disorder in males. The prevalence is es-

timated to be 85 to 223 per 100,000 liveborn males [95% confidence interval 121 
to 188 per 100,000] [3-5], but this is probably an underestimate, as many cases 
go undiagnosed due to variable phenotype and severity.

According to the data from the Korean Statistical Information Service (KOSIS) 
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of the Ministry of Health and Welfare, the prevalence of KS in 
South Korea was extremely low in 2006: 3 per 100,000 live-
birth males. (https://kosis.kr/statHtml/statHtml.do?orgId=  
117&tblId=DT_11776_N001) However, this KOSIS data is un-
reliable because the survey included only newborns. Danish 
data showed that 65% of prenatally diagnosed KS males are 
legally aborted, only small fraction are diagnosed in child-
hood, and a minority are diagnosed late in life. [3,4,6,7] This 
may have been a similar situation in Korea. Moreover, the 
prevalence differs among different racial groups within general 
population. In a study from the United States, the prevalence 
of KS in males with white ethnicity was 166 per 100,000 but 
355 per 100,000 in males with Asian ethnicity [8].

Karyotype variability in KS
The genotypes of KS are highly variable. Among them, the 

variation in phenotypes most likely depends on the number 
of extra X chromosomes, the number of abnormal cells, and 
their location in body tissues. The classic karyotypes seen at di-
agnosis of KS encompass 47,XXY or the various grades of mo-
saic karyotype 46,XY/47,XXY. Most KS males have the karyo-
type of 47,XXY. Approximately 15% of KS males are mosaic 
XY/XXY. 

In comparison to XY/XXY, mosaicism with XX (46,XX/ 
47,XXY) is rarely encountered. Mosaic XX/XXY is associated 
with a broad spectrum of phenotypes, from true hermaphro-
ditism or genital ambiguity to (extremely rarely) normal fe-
male phenotype [9-13]. It is well known that both the pheno-
typic sex and the gonadal phenotype are influenced by the 
percentage and distribution of Y chromosome-bearing cells in 
the gonads, but not necessarily in the blood [14,15]. If the cell 
line in the gonads bearing a Y chromosome is predominant, 
the phenotype develops as male. This effect is based on the ex-
pression above a critical threshold level of the SRY gene 
(MIM*480000) in the developing urogenital ridge [16].

The reason for the rarity of XX/XXY cases is thought to be 
underestimated due to failure to detect the 46,XX cell line in 
the peripheral blood. Peripheral blood specimens are usually 
used for constitutional cytogenetic investigation. In prenatal 
study, mixed cells with 46,XX and 47,XXY in a culture dish 
might be considered contamination with the mother’s cells. 
The presence of a 46,XX cell line has also been reported in cas-
es of KS patients who have been mosaic for more than two 
different cell lines, XXY/XX/XY/X, XX/XY/XXY/XXXY, XX/XY/
XXY/XXXY, XXY/XX/XY, XX/XY/XXY/XXYY, etc. [17,18] 

In addition, there are rare cases including higher-grade X or 

Y chromosome aneuploidies (48,XXXY, 48,XXYY, 49,XXXYY) 
[19]. Previously, 48,XXYY has been reported as a variant of 
47,XXY KS due to a shared physical and endocrinologic phe-
notype. However, it is now understood that 48,XXYY differs in 
its medical, neurodevelopmental, and behavioral characteris-
tics [20]. Therefore, the karyotype of 48,XXYY was excluded in 
the classification of KS. Moreover, Tartaglia et al. [21] have em-
phasized that 48,XXYY, 48,XXXY and 49,XXXXY characterize a 
different syndrome from the classic 47,XXY KS, causing the de-
velopment of more severe phenotypes. The most important 
reasons for exclusion are related to recognition of the associat-
ed medical problems that are more common in XXXY or 
XXXXY than in XXY, which often require additional evalua-
tions, interventions, and treatments. Additionally, cognitive 
and behavioral problems in 48,XXYY, 48,XXXY, and 49,XXXXY 
tend to be more severe than in 47,XXY and require additional 
interventions and community supports [21].

Genomics and epigenetics in KS 
For decades now, phenotypic variability between individual 

and associated co-morbidities has been demonstrated. How-
ever, the effect of an additional X chromosome on the genome 
is still poorly understood. Several hypotheses concerning ge-
netic mechanisms have been proposed and investigated.

Mosaicism between different tissue types
Mosaicism is considered one of the most important factors 

affecting clinical manifestation [22,23]. Usually, males with 
mosaic XY/XXY karyotype in blood samples present with a 
milder phenotype with reduced severity compared to non-
mosaic KS males [24,25]. Moreover, evidence suggests that 
mosaicism may vary between tissue types and be more fre-
quent than previously thought, based on conventional chro-
mosome analysis using blood samples. Moreover, it is more 
frequent in cell types other than lymphocytes [26]. Garcia-
Quevedo et al. [26] reported the highest degree of mosaicism 
in Sertoli cells (42.3±11.1%) and the lowest degree of mosa-
icism in lymphocytes (4.8±2.5%), whereas the degree of mo-
saicism was 21.9±10.9% in buccal mucosa.

Parental origin and inactivation of X chromosome
In 1989, it was proposed that imprinted genes on the X 

chromosome might be involved in the phenotypic variability 
of KS [27]. In addition, the hypothesis of skewed X chromo-
some inactivation has been suggested to explain the clinical 
heterogeneity of KS [28]. However, no imprinted genes on the 

https://kosis.kr/statHtml/statHtml.do?orgId=117&tblId=DT_11776_N001
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X chromosome have been identified, and other studies have 
not been able to find evidence of a parent-of-origin effect on 
phenotypes [23,29,30]. Moreover, evidence has not been 
found that there are different phenotypes between cases of 
skewed X chromosome and random inactivation in KS pa-
tients [31-33]. In order to establish this hypothesis, much larg-
er unbiased studies are needed.

Genetic variants of AR genes or autosomal genes
Usually, genetic variants can affect disease susceptibility or 

phenotype. The variants of AR gene (MIM*313700) on the X 
chromosome (Xq12) could be considered to influence pheno-
typic variabilities in KS patients [34]. The combined action of 
extra X chromosome(s) and autosomal or X-linked genetic 
risk variants might explain the increased risk of some disorders 
in KS patients [35]. To date, information to support these hy-
potheses is sparse. Additional, larger studies are needed to de-
termine whether variants affect the phenotype of KS patients. 

Copy number variants on X chromosomes
According to a study, a proportion of KS males carrying X 

chromosome-linked copy number variants is significantly 
higher compared to controls [36]. Furthermore, some of the 
duplicated regions include genes in the pseudoautosomal re-
gion or genes escaping X-inactivation [36].

The X and Y chromosomes are comprised of two identical 
pseudoautosomal regions, PAR1 (24 genes) and PAR2 (4 
genes). KS patients have an additional copy of the pseudoau-
tosomal regions due to the extra X chromosome. A total of 
15% of genes on the X chromosome, including all genes with-
in PAR1, escape X-inactivation. Genes escaping X-inactivation 
are possible candidates affecting the phenotype due to a dos-
age effect. So far, only one pseudoautosomal gene, SHOX gene 
(MIM*312865), has been convincingly linked to the increased 
height of KS patients. Other genes in the pseudoautosomal re-
gion have been found to have different expression in KS, but 
the associations to phenotype have not been demonstrated 
[37,38]. 

Other genetic studies
In one cell study, gain or loss of an X chromosome results in 

epigenetic instability by modifying the regulation process of 
transcriptional and translational pathways in the cells [39]. 
Epigenetic mechanisms, including DNA methylation, may be 
altered in KS, causing pervasive and global impact, and could 
therefore play a crucial role in KS phenotype [37,40]. To date, 

studies for transcriptome and epigenetics in KS patients indi-
cate that the genetics behind KS may be more complex than 
previously assumed.

Phenotype in KS
Many boys and men with KS do not realize that they have 

KS because the phenotype and severity of KS is highly variable. 
During the prenatal period, physicians may have the opportu-
nity to diagnose and manage KS with prenatal genetic testing. 
Prepubertal features of KS are variable, and there are no symp-
toms that are present in all diagnosed cases. KS infants may 
have subtle dysmorphic signs and some degree of hypotonia 
[30,41]. Genital anomalies, such as micropenis, undescended 
testis, bifid scrotum, and hypospadias, are found more fre-
quently in KS infants as compared to infants with a normal 
karyotype [42]. Congenital anomalies such as renal malforma-
tion and cardiac defect are rarely reported, and pathognomon-
ic symptoms are not noted. According to some studies of tes-
ticular histology in KS males, the number of germ cells is al-
ready reduced at early age, whereas the number of Leydig cells 
appears to be normal [43-46].

Developmental delay is common in KS. Neurodevelopmen-
tal symptoms such as speech disturbance, adaptation prob-
lems, attention deficits, and social skill impairments can be 
found during the early pediatric period. As a result, KS males 
may be prone to learning difficulties [10,47,48]. 

The pubertal onset in KS boys occurs at the same time as in 
normal boys. Gynecomastia can develop due to the negative 
feedback of Luteinizing hormone elevation increasing estradi-
ol levels. The signs of hypogonadism, such as poor muscular 
development and reduced facial and body hair, are noticeable 
during the adolescent period. Host et al. reported that most KS 
patients present signs of overt hypogonadism after the age of 
25 [49].

In adulthood, KS males may have infertility, as diagnosed by 
azoospermia and oligospermia [31,50,51]. Previously, KS was 
considered to be a condition of absolute infertility. However, 
reports from many different centers revealed high sperm re-
trieval rates, excellent pregnancy rates, and healthy offspring 
with normal karyotype resulting from KS fathers after micro-
dissection and testicular sperm extraction [51,52].

Important medical conditions in KS 
Apart from the apparent phenotypical features, KS is accom-

panied by a series of comorbidities and increased mortality 
risk [31]. Conditions leading to hospitalization include dyslip-
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idemia, obesity, metabolic syndrome, prothrombotic tenden-
cy, autoimmune disease, osteoporosis, and cancers [51,53].

Serum testosterone levels are independently associated with 
insulin resistance, which suggests that low testosterone might 
be responsible for type 2 diabetes and the five-fold increase in 
metabolic syndrome has been observed in KS males [54,55]. 
We therefore could expect high efficacy for testosterone re-
placement therapy (TRT) on glucose metabolism in KS; how-
ever, TRT has not been shown to improve metabolic syndrome 
or diabetes in KS patients, compared to other types of hypogo-
nadism [55,56]. This indicates that there are more complex 
mechanisms associated with KS and glucose metabolism. 

In vascular and cardiac disease, KS males exhibit increased 
risk of venous thromboembolism: hazard ratio (HR) 5.29 for 
thrombophlebitis and venous thrombosis, HR 3.60 for pul-
monary embolism, and HR 1.71 for ischemic heart disease 
[42,57,58].

A retrospective study from England has demonstrated a sig-
nificant increased risk in KS relative to controls regarding Sjo-
gren’s syndrome (risk ratio (RR) 19.3), systemic lupus erythe-
matosus (RR 18.1), Addison’s disease (RR 11.7), diabetes mel-
litus type 1 (RR 6.1), multiple sclerosis (RR 4.3), rheumatoid 
arthritis (RR 3.3), and acquired hypothyroidism (RR 2.7) [59]. 
It was reported that the human X chromosome contains the 
largest number of immune-related genes, and around 10% of 
all microRNAs, from the whole human genome. Some micro-
RNAs on the X chromosome have important immune-related 
functions.

KS is also an important risk factor for osteoporosis and os-
teopenia [31,60]. Bone disease in KS was eight-fold higher 
than the incidence in non-KS [61]. The etiology is multifacto-
rial, with testosterone deficiency as the primary cause. Testos-
terone deficiency can lead to lower bone formation and higher 
bone resorption. TRT has been shown to improve bone min-
eral density (BMD) on some levels, but vitamin D repletion 
has been demonstrated to be superior to TRT for improving 
BMD [61-63]. 

In terms of the incidence of cancers, the difference of overall 
cancer risk is no significant between KS and the general male 

population. However, certain cancers, such as breast cancer 
and germ cell tumors, especially extragonadal tumors, occur 
more frequently in KS males than in the general population 
[64]. Compared with non-KS, the incidence of breast cancer is 
increased 4 to 30-fold, and the mean onset age of breast can-
cer is earlier (58 years vs. 67 years) in KS. This supports the 
idea that KS is the strongest independent risk factor for breast 
cancer in males [65-67]. In extragonadal germ cell tumors, 
higher prevalence is observed in KS with presentation at a 
younger age than in normal males [68]. On the other hand, 
the prevalence of prostate cancer and its associated mortality 
have been reported to be lower in KS than in normal-karyo-
type men [69,70].

Published studies regarding the risk of hematological and 
lymphoid malignancies in KS present conflicting evidence. 
Some publications suggest an increased risk of leukemia devel-
opment in KS, whereas others have determined that there is 
only a chance association [69,71,72]. A Swedish registry study 
reported a notable increase in hematologic malignancies 
(standardized incidence ratio (SIR) 2.72) such as non-Hodg-
kin lymphoma (SIR 3.02) and acute leukemias (SIR 3.62) 
[69]. The underlying mechanisms for the increased incidence 
of these malignancies in KS are not clear and need to be inves-
tigated. 

In my experience as a cytogeneticist, I have analyzed ap-
proximately 3,200 karyotypes of bone marrow specimens 
(1,800 cases of male patients) during a 10-year-period, 2011-
2020. I met four adult men suspected to have KS; they were in-
volved in the work-up for hematologic disorder. Patients sus-
pected of having KS should undergo karyotyping on peripher-
al blood lymphocytes in remission state or fluorescence in situ 
hybridization (FISH) on buccal epithelial cells. Using this 
method, I was able to confirm KS in two patients aged 60-70s 
(Table 1). The others were not performed further evaluation. 

CONCLUSION

KS is the most common sex chromosome disorder in males. 
Despite increasing knowledge of the natural history of KS, di-

Table 1. Adult cases confirmed as Klinefelter syndrome in the work-up for hematologic disorder in Korea

Case Age1 Karyotype FISH,X/Y2 Hematologic disease Etc.

1 59 47,XXYc,add (11) (q13) [20] 2G1R Bleeding tendency Infertility, Follow-up
*No physical signs of KS

2 63 47,XXYc 2G1R Aplastic anemia,
T-cell lymphoma

allo-SCT after 1 yr 9 mo of  
Dx; Death after 2 yr 7 mo of Dx

1Age at confirmation of KS; 2FISH on Buccal epithelial cells.     



28  Journal of Interdisciplinary Genomics

Journal of Interdisciplinary Genomics 2022;4(2):24-30http://isgm.kr

agnosis often does not occur throughout the lifespan. Earlier 
diagnosis of KS may provide greater opportunities for earlier 
intervention and effective treatment. Once the diagnosis of KS 
has been established, careful management and appropriate 
treatment are possible with multidisciplinary teams, including 
physicians. To help these patients early and achieve proper di-
agnosis, the deeper understanding of the pathophysiology of 
KS will be helpful. 

ACKNOWLEDGEMENTS

None.

FINANCIAL DISCLOSURE STATEMENT
 

This review did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

CONFLICTS OF INTEREST

None.

REFERENCES

1. Klinefelter HFR, Reifenstein EC, Albright F. Syndrome Character-
ized by Gynecomastia, Aspermatogenesis without A-Leydigism, 
and Increased Excretion of Follicle-Stimulating Hormone. The 
Journal of Clinical Endocrinology & Metabolism 1942;2:615-27.

2. Jacobs PA, Strong JA. A case of human intersexuality having a 
possible XXY sex-determining mechanism. Nature 1959;183: 
302-3.

3. Bojesen A, Juul S, Gravholt CH. Prenatal and postnatal preva-
lence of Klinefelter syndrome: a national registry study. J Clin 
Endocrinol Metab 2003;88:622-6.

4. Gravholt CH, Chang S, Wallentin M, Fedder J, Moore P, Skakke-
bæk A. Klinefelter Syndrome: Integrating Genetics, Neuropsy-
chology, and Endocrinology. Endocr Rev 2018;39:389-423.

5. Herlihy AS, McLachlan RI. Screening for Klinefelter syndrome. 
Curr Opin Endocrinol Diabetes Obes 2015;22:224-9.

6. Herlihy AS, Gillam L, Halliday JL, McLachlan RI. Postnatal 
screening for Klinefelter syndrome: is there a rationale? Acta Pae-
diatr 2011;100:923-33.

7. Abramsky L, Chapple J. 47,XXY (Klinefelter syndrome) and 
47,XYY: estimated rates of and indication for postnatal diagnosis 
with implications for prenatal counselling. Prenat Diagn 1997; 
17:363-8.

8. Coffee B, Keith K, Albizua I, Malone T, Mowrey J, Sherman SL, et 
al. Incidence of fragile X syndrome by newborn screening for 
methylated FMR1 DNA. Am J Hum Genet 2009;85:503-14.

9. Velissariou V, Christopoulou S, Karadimas C, Pihos I, Kanaka-

Gantenbein C, Kapranos N, et al. Rare XXY/XX mosaicism in a 
phenotypic male with Klinefelter syndrome: case report. Eur J 
Med Genet 2006;49:331-7.

10. Tangshewinsirikul C, Dulyaphat W, Tim-Aroon T, Parinayok R, 
Chareonsirisuthigul T, Korkiatsakul V, et al. Klinefelter Syn-
drome Mosaicism 46,XX/47,XXY: A New Case and Literature Re-
view. J Pediatr Genet 2020;9:221-6.

11. Bergmann M, Schleicher G, Bocker R, Nieschlag E. True her-
maphroditism with bilateral ovotestis: a case report. Int J Androl 
1989;12:139-47.

12. Hamlett JD, Timson J, Harris R. XX-XXY mosaicism in a pheno-
typically normal female. Hum Hered 1970;20:260-4.

13. Kaufman RL, Rimoin DL, Woolf RB, Warren RJ, Sly WS. Sex 
chromosome mosaicism (XO-XX-XXY-XY) in a phenotypic fe-
male. JAMA 1971;215:1941-4.

14. Kelly TE, Franko JB, Rogol A, Golden WL. Discordant pheno-
types and 45,X/46,X,idic(Y). J Med Genet 1998;35:862-4.

15. Reddy KS, Sulcova V. Pathogenetics of 45,X/46,XY gonadal mo-
saicism. Cytogenet Cell Genet 1998;82:52-7.

16. Quilter CR, Nathwani N, Conway GS, Stanhope R, Ralph D, Ba-
hadur G, et al. A comparative study between infertile males and 
patients with Turner syndrome to determine the influence of sex 
chromosome mosaicism and the breakpoints of structurally ab-
normal Y chromosomes on phenotypic sex. J Med Genet 2002; 
39:e80.

17. Bergman S, Nowakowski H, Reitalu J. Cytological and clinical 
observations in XXY-XX-XY-XO mosaicism. Hereditas 1969;61: 
276-8.

18. Zamora L, Espinet B, Salido M, Sole F, Ligorria C, Florensa L. Re-
port of 46,XX/46,XY/47,XXY/48,XXYY mosaicism in an adult 
phenotypic male. Am J Med Genet 2002;111:215-7.

19. Visootsak J, Rosner B, Dykens E, Tartaglia N, Graham JM, Jr. Be-
havioral phenotype of sex chromosome aneuploidies: 48,XXYY, 
48,XXXY, and 49,XXXXY. Am J Med Genet A 2007;143A:1198-
203.

20. Tartaglia N, Davis S, Hench A, Nimishakavi S, Beauregard R, 
Reynolds A, et al. A new look at XXYY syndrome: medical and 
psychological features. Am J Med Genet A 2008;146A:1509-22.

21. Tartaglia N, Ayari N, Howell S, D'Epagnier C, Zeitler P. 48,XXYY, 
48,XXXY and 49,XXXXY syndromes: not just variants of Klinefel-
ter syndrome. Acta Paediatr 2011;100:851-60.

22. Youssoufian H, Pyeritz RE. Mechanisms and consequences of 
somatic mosaicism in humans. Nat Rev Genet 2002;3:748-58.

23. Skakkebaek A, Viuff M, Nielsen MM, Gravholt CH. Epigenetics 
and genomics in Klinefelter syndrome. Am J Med Genet C Se-
min Med Genet 2020;184:216-25.

24. Lanfranco F, Kamischke A, Zitzmann M, Nieschlag E. Klinefel-
ter's syndrome. Lancet 2004;364:273-83.

25. Paduch DA, Fine RG, Bolyakov A, Kiper J. New concepts in 
Klinefelter syndrome. Curr Opin Urol 2008;18:621-7.

26. Garcia-Quevedo L, Blanco J, Sarrate Z, Catala V, Bassas L, Vidal F. 
Hidden mosaicism in patients with Klinefelter's syndrome: im-
plications for genetic reproductive counselling. Hum Reprod 
2011;26:3486-93.



 Jun KR: Klinefelter Syndrome  29

Journal of Interdisciplinary Genomics 2022;4(2):24-30 http://isgm.kr

27. Jacobs P, Hassold T, Harvey J, May K. The origin of sex chromo-
some aneuploidy. Prog Clin Biol Res 1989;311:135-51.

28. Tuttelmann F, Gromoll J. Novel genetic aspects of Klinefelter's 
syndrome. Mol Hum Reprod 2010;16:386-95.

29. Ross JL, Roeltgen DP, Stefanatos G, Benecke R, Zeger MP, Kush-
ner H, et al. Cognitive and motor development during child-
hood in boys with Klinefelter syndrome. Am J Med Genet A 
2008;146A:708-19.

30. Zeger MP, Zinn AR, Lahlou N, Ramos P, Kowal K, Samango-
Sprouse C, et al. Effect of ascertainment and genetic features on 
the phenotype of Klinefelter syndrome. J Pediatr 2008;152:716-
22.

31. Bojesen A, Gravholt CH. Morbidity and mortality in Klinefelter 
syndrome (47,XXY). Acta Paediatr 2011;100:807-13.

32. Skakkebaek A, Bojesen A, Kristensen MK, Cohen A, Hougaard 
DM, Hertz JM, et al. Neuropsychology and brain morphology in 
Klinefelter syndrome - the impact of genetics. Andrology 
2014;2:632-40.

33. Chang S, Skakkebæk A, Gravholt CH. Klinefelter Syndrome and 
medical treatment: hypogonadism and beyond. Hormones 
(Athens) 2015;14:531-48.

34. Valente U, Vinanzi C, Dipresa S, Selice R, Menegazzo M, Iafrate 
M, et al. Is there any clinical relevant difference between non 
mosaic Klinefelter Syndrome patients with or without Androgen 
Receptor variations? Sci Rep 2017;7:3358.

35. Corbitt H, Morris SA, Gravholt CH, Mortensen KH, Tippner-
Hedges R, Silberbach M, et al. TIMP3 and TIMP1 are risk genes 
for bicuspid aortic valve and aortopathy in Turner syndrome. 
PLoS Genet 2018;14:e1007692.

36. Rocca MS, Pecile V, Cleva L, Speltra E, Selice R, Di Mambro A, et 
al. The Klinefelter syndrome is associated with high recurrence 
of copy number variations on the X chromosome with a poten-
tial role in the clinical phenotype. Andrology 2016;4:328-34.

37. Skakkebaek A, Nielsen MM, Trolle C, Vang S, Hornshoj H, He-
degaard J, et al. DNA hypermethylation and differential gene ex-
pression associated with Klinefelter syndrome. Sci Rep 2018;8: 
13740.

38. Belling K, Russo F, Jensen AB, Dalgaard MD, Westergaard D, Ra-
jpert-De Meyts E, et al. Klinefelter syndrome comorbidities 
linked to increased X chromosome gene dosage and altered pro-
tein interactome activity. Hum Mol Genet 2017;26:1219-29.

39. Passerini V, Ozeri-Galai E, de Pagter MS, Donnelly N, Schmal-
brock S, Kloosterman WP, et al. The presence of extra chromo-
somes leads to genomic instability. Nat Commun 2016;7:10754.

40. Zhang X, Hong D, Ma S, Ward T, Ho M, Pattni R, et al. Integrat-
ed functional genomic analyses of Klinefelter and Turner syn-
dromes reveal global network effects of altered X chromosome 
dosage. Proc Natl Acad Sci U S A 2020;117:4864-73.

41. Ross JL, Samango-Sprouse C, Lahlou N, Kowal K, Elder FF, Zinn 
A. Early androgen deficiency in infants and young boys with 
47,XXY Klinefelter syndrome. Horm Res 2005;64:39-45.

42. Bojesen A, Kristensen K, Birkebaek NH, Fedder J, Mosekilde L, 
Bennett P, et al. The metabolic syndrome is frequent in Klinefel-
ter's syndrome and is associated with abdominal obesity and 

hypogonadism. Diabetes Care 2006;29:1591-8.
43. Autio-Harmainen H, Rapola J, Aula P. Fetal gonadal histology in 

XXXXY, XYY and XXX syndromes. Clin Genet 1980;18:1-5.
44. Coerdt W, Rehder H, Gausmann I, Johannisson R, Gropp A. 

Quantitative histology of human fetal testes in chromosomal 
disease. Pediatr Pathol 1985;3:245-59.

45. Murken JD, Stengel-Rutkowski S, Walther JU, Westenfelder SR, 
Remberger KH, Zimmer F. Letter: Klinefelter's syndrome in a fe-
tus. Lancet 1974;2:171.

46. Ratcliffe SG, Field MA. Emotional disorder in XYY children: four 
case reports. J Child Psychol Psychiatry 1982;23:401-6.

47. Boada R, Janusz J, Hutaff-Lee C, Tartaglia N. The cognitive phe-
notype in Klinefelter syndrome: a review of the literature includ-
ing genetic and hormonal factors. Dev Disabil Res Rev 2009;15: 
284-94.

48. Geschwind DH, Boone KB, Miller BL, Swerdloff RS. Neurobe-
havioral phenotype of Klinefelter syndrome. Ment Retard Dev 
Disabil Res Rev 2000;6:107-16.

49. Host C, Skakkebaek A, Groth KA, Bojesen A. The role of hypo-
gonadism in Klinefelter syndrome. Asian J Androl 2014;16:185-
91.

50. Kanakis GA, Nieschlag E. Klinefelter syndrome: more than hy-
pogonadism. Metabolism 2018;86:135-44.

51. Shiraishi K, Matsuyama H. Klinefelter syndrome: From pediat-
rics to geriatrics. Reprod Med Biol 2019;18:140-50.

52. Corona G, Pizzocaro A, Lanfranco F, Garolla A, Pelliccione F, Vi-
gnozzi L, et al. Sperm recovery and ICSI outcomes in Klinefelter 
syndrome: a systematic review and meta-analysis. Hum Reprod 
Update 2017;23:265-75.

53. Price WH, Clayton JF, Wilson J, Collyer S, De Mey R. Causes of 
death in X chromatin positive males (Klinefelter's syndrome). J 
Epidemiol Community Health 1985;39:330-6.

54. Isidori AM, Balercia G, Calogero AE, Corona G, Ferlin A, Fran-
cavilla S, et al. Outcomes of androgen replacement therapy in 
adult male hypogonadism: recommendations from the Italian 
society of endocrinology. J Endocrinol Invest 2015;38:103-12.

55. Pasquali D, Arcopinto M, Renzullo A, Rotondi M, Accardo G, 
Salzano A, et al. Cardiovascular abnormalities in Klinefelter syn-
drome. Int J Cardiol 2013;168:754-9.

56. Bekaert M, Van Nieuwenhove Y, Calders P, Cuvelier CA, Batens 
AH, Kaufman JM, et al. Determinants of testosterone levels in 
human male obesity. Endocrine 2015;50:202-11.

57. Zoller B, Ji J, Sundquist J, Sundquist K. High Risk of Venous 
Thromboembolism in Klinefelter Syndrome. J Am Heart Assoc 
2016;5.

58. Yabuno Y, Tosa M, Iwakiri I, Nomoto S, Kaneko M, Kuwahara K, 
et al. Refractory leg ulcers associated with Klinefelter syndrome. J 
Nippon Med Sch 2015;82:64-7.

59. Seminog OO, Seminog AB, Yeates D, Goldacre MJ. Associations 
between Klinefelter's syndrome and autoimmune diseases: Eng-
lish national record linkage studies. Autoimmunity 2015;48: 
125-8.

60. Ferlin A, Schipilliti M, Di Mambro A, Vinanzi C, Foresta C. Os-
teoporosis in Klinefelter's syndrome. Mol Hum Reprod 2010;16: 



30  Journal of Interdisciplinary Genomics

Journal of Interdisciplinary Genomics 2022;4(2):24-30http://isgm.kr

402-10.
61. Behre HM, Kliesch S, Leifke E, Link TM, Nieschlag E. Long-term 

effect of testosterone therapy on bone mineral density in hypo-
gonadal men. J Clin Endocrinol Metab 1997;82:2386-90.

62. Sawalha AH, Harley JB, Scofield RH. Autoimmunity and Kline-
felter's syndrome: when men have two X chromosomes. J Auto-
immun 2009;33:31-4.

63. Radicioni AF, Ferlin A, Balercia G, Pasquali D, Vignozzi L, Maggi 
M, et al. Consensus statement on diagnosis and clinical manage-
ment of Klinefelter syndrome. J Endocrinol Invest 2010;33:839-
50.

64. Swerdlow AJ, Schoemaker MJ, Higgins CD, Wright AF, Jacobs 
PA, Group UKCC. Cancer incidence and mortality in men with 
Klinefelter syndrome: a cohort study. J Natl Cancer Inst 2005;97: 
1204-10.

65. Sasco AJ, Lowenfels AB, Pasker-de Jong P. Review article: epide-
miology of male breast cancer. A meta-analysis of published 
case-control studies and discussion of selected aetiological fac-
tors. Int J Cancer 1993;53:538-49.

66. Gomez-Raposo C, Zambrana Tevar F, Sereno Moyano M, Lopez 

Gomez M, Casado E. Male breast cancer. Cancer Treat Rev 2010; 
36:451-7.

67. Brinton LA. Breast cancer risk among patients with Klinefelter 
syndrome. Acta Paediatr 2011;100:814-8.

68. Nichols CR, Heerema NA, Palmer C, Loehrer PJ, Sr., Williams 
SD, Einhorn LH. Klinefelter's syndrome associated with medias-
tinal germ cell neoplasms. J Clin Oncol 1987;5:1290-4.

69. Ji J, Zoller B, Sundquist J, Sundquist K. Risk of solid tumors and 
hematological malignancy in persons with Turner and Klinefel-
ter syndromes: A national cohort study. Int J Cancer 2016;139: 
754-8.

70. De Sanctis V, Fiscina B, Soliman A, Giovannini M, Yassin M. 
Klinefelter syndrome and cancer: from childhood to adulthood. 
Pediatr Endocrinol Rev 2013;11:44-50.

71. Geraedts JP, Mol A, Briet E, Hartgrink-Groeneveld CA, den Ot-
tolander GJ. Klinefelter syndrome: predisposition to acute non-
lymphocytic leukaemia?. Lancet 1980;1:774.

72. Horsman DE, Pantzar JT, Dill FJ, Kalousek DK. Klinefelter's syn-
drome and acute leukemia. Cancer Genet Cytogenet 1987;26: 
375-6.


