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Abstract

Objective: Previous studies have suggested a higher prevalence of Klinefelter
syndrome amongst transgender individuals. We undertook a systematic review to
determine the prevalence of Klinefelter syndrome amongst transgender individuals
presumed male at birth and summarize the clinical features and potential treatment
implications for individuals with Klinefelter syndrome commencing gender-affirming
hormone therapy.

Design: Using preferred reporting items for systematic review and meta-analysis
guidelines, we searched EMBASE, MEDLINE and the Cochrane Central Register of
Controlled Trials (CENTRAL) up to 31 December 2021. All studies reporting on the
prevalence or clinical features of transgender individuals with Klinefelter syndrome
were included. This study is registered with the International Prospective Register of
Systematic Reviews, number CRD42021227916.

Results: Our search strategy retrieved 11 cohort studies comprising 1376
transgender individuals. In all, 14 of 1376 (1.02%) individuals were diagnosed with
Klinefelter syndrome. Based on the seven studies in which karyotype was
undertaken in all individuals, the prevalence is 9/1013 (0.88%; 95% Cl, 0.41%
-1.68%). Case reports highlight unique treatment considerations in this population,
including azoospermia, venous thromboembolism, and monitoring of breast cancer
and bone health.

Conclusions: Compared to the general population, observational studies document a
higher prevalence of Klinefelter syndrome amongst transgender individuals, though
underdiagnosis in the general population limits conclusions. Routine karyotype in
transgender people initiating gender-affirming hormone therapy is not supported
unless clinical features of Klinefelter syndrome, such as small testicular volume, or
hypergonadotropic hypogonadism are present. Transgender individuals with
Klinefelter syndrome need to manage a unique risk profile if they desire feminizing

gender-affirming hormone therapy.
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1 | INTRODUCTION

Transgender (trans) individuals, including those with a binary and/or
non-binary gender identity, represent a growing population with
unique healthcare needs. Some trans individuals experience gender
dysphoria, which refers to the distress that arises from incongruence
between one's gender identity and their sex assigned at birth.? A
complex set of factors determine one's gender identity,® and there
has been increasing research into the potential genetic basis
of gender incongruence. To date, variations in the oestrogen
receptor,”  oestrogen receptor coactivators’ and androgen receptor®
have been reported in trans individuals. Past studies have also suggested
a higher prevalence of Klinefelter syndrome amongst trans individuals
presumed male at birth compared to the expected prevalence in the
general population.”*°

Klinefelter syndrome (47,XXY) is the most common sex
chromosomal disorder in individuals presumed male at birth, affecting
0.02%-0.22% of the population.***® Klinefelter syndrome is a
significantly underdiagnosed condition with estimates suggesting

d.’*1°> Diagnosis is

only 25%-50% of individuals are diagnose
frequently made in adulthood during fertility assessment.’* Indivi-
duals with Klinefelter syndrome have a primary testicular failure, with
resultant clinical features including small testes, gynaecomastia,
sparse male-pattern body hair and eunuchoid proportions.***¢

Klinefelter syndrome is associated with an increased risk of

19-21 3nd infertility,l("22

venous thromboembolism,'” '8 breast cancer
which could have treatment implications before, and following,
initiation of feminizing gender-affirming hormone therapy. Therefore,
clinicians should consider investigating for Klinefelter syndrome in
individuals with suggestive clinical features, to mitigate potential risk
and ensure informed therapeutic decisions.

The aims of this systematic review were to (a) determine the
prevalence of Klinefelter syndrome amongst trans individuals pre-
sumed male at birth, and (b) summarize the clinical features and
potential treatment implications for trans individuals with Klinefelter
syndrome commencing feminizing gender-affirming hormone therapy.

2 | MATERIALS AND METHODS

Preferred reporting items for systematic review and meta-analysis
(PRISMA) reporting guidelines were used in the development of this
systematic review.?® This study is registered with the International
Prospective Register of Systematic Reviews (PROSPERO), number
CRD42021227916.

2.1 | Eligibility criteria

Studies that used karyotyping to determine the prevalence of
Klinefelter syndrome in cohorts of trans individuals presumed male
at birth were included in this review. To assess clinical features, we

included case series and case reports of trans individuals with

Klinefelter syndrome. Only publications in peer-reviewed journals

and in the English language were eligible for inclusion.

2.2 | Information sources and search strategy

A literature search was conducted on EMBASE, MEDLINE and the
Cochrane Central Register of Controlled Trials (CENTRAL). The
reference lists of retrieved studies were assessed for further relevant
publications. A search strategy was developed from Medical Subject
Headings (MeSH) and text words related to Klinefelter syndrome and
trans people from inception up to 31 December 2021. Two authors
(B.L. and B.J.N.) independently screened titles and abstracts identified
through the search strategy. Covidence was used to exclude duplicates
and predetermined selection criteria were used to assess eligibility.
This was defined as (1) Klinefelter syndrome based on karyotype
analysis, (2) trans individuals, (3) all study types including case reports
were eligible for inclusion and (4) published in a peer-reviewed journal.
Studies were not excluded based on the year published. Final eligibility
required the agreement of both reviewers. No randomized controlled
trials or prospective observational studies were identified. All included

studies were retrospective cohort studies, case series or case reports.

2.3 | Study selection

Our search strategy is outlined in Table 1.

2.4 | Data collection

Data extraction for observational studies examining the prevalence

of Klinefelter syndrome in trans individuals included: location,

TABLE 1 MEDLINE search strategy

Search strategy for MEDLINE

1. exp Klinefelter Syndrome/or (klinefelter syndrome or klinefelter or
XXY or 47, XXY or sex chromosome disorder or XXYY or XXXY).ab.
or (klinefelter syndrome or klinefelter or xxy or 47,XXY or sex
chromosome disorder or XXYY or XXXY).tw.

2. exp Transgender Persons/or (transwomen or transgender or
transexual or transsexual or gender dysphoria or gender identity or
transfeminine or transfemale or MtF or transwom* or trans
wom*).ab. or (transwomen or transgender or transexual or
transsexual or gender dysphoria or gender identity or transfeminine
or transfemale or MtF or transwom™* or trans wom*).tw.

3. 1and 2

4. Chromosome Disorders/or Chromosome Aberrations/or
Karyotyping/or (chromosome or chromosomal or karyotyping or
cytogenetic or cytogenetics or chromo*).ab. or (chromosome or
chromosomal or karyotyping or cytogenetic or cytogenetics or
chromo®).tw.

5. 2and 4

6. 3or5
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population and prevalence (%). For case series or case reports
reporting the clinical features of transgender people with Klinefelter
syndrome, the following data were extracted: age of Klinefelter
syndrome diagnosis, karyotype, serum total testosterone concentra-
tion (nmol/L), history of previous testosterone treatment, semen
analysis, testicular volume (ml), luteinizing hormone (IU/L), presence

of gynaecomastia, and medical history.

2.5 | Role of the funding source

There was no funding source for this study.

2.6 | Statistical analysis
The prevalence (95% confidence interval) of Klinefelter syndrome in
trans and gender diverse individuals presumed male at birth was

calculated using STATA version 17.0 software.?*

3 | RESULTS

There were 451 studies identified using MEDLINE and EMBASE.
After duplicates were removed, 344 studies remained. A review of
the title and abstract excluded a further 282 studies. Of the
remaining 62 articles assessed for eligibility, 47 were excluded
because they did not report on outcomes relevant to this
systematic review. The remaining 23 studies met the inclusion
criteria (Figure 1). A summary of studies that investigated the
prevalence of Klinefelter syndrome in trans individuals presumed
male at birth is included in Table 2. A total of 1376 individuals were
included from 11 retrospective cohort studies. Fourteen of 1376
(1.02%) individuals were diagnosed with Klinefelter syndrome.
Based on the seven studies in which karyotype was undertaken in
all individuals, the prevalence is 9/1013 (0.88%; 95% ClI,
0.41%-1.68%).

Clinical data from 15 individuals reported in case reports or case
series are shown in Table 3. All individuals were diagnosed with
Klinefelter syndrome at age 16 or older. Of the seven case studies
that reported serum testosterone concentration, five (71%) had
serum testosterone concentrations below the lower limit of the male
reference range. In all, seven articles reported on the prescription of
testosterone therapy in nine individuals, 1373840414445 three of
whom had poor compliance or ceased testosterone following the
development of secondary male sex characteristics.”****> One
individual ceased testosterone therapy after days,*® while another
ceased while receiving treatment for prostate cancer.”® Two
individuals reported an improvement in gender incongruence follow-
ing the commencement of testosterone.*®** Feminizing hormone
therapy was prescribed in seven individuals. 313637414244
Clinical features are shown in Table 3. Pathognomonic small

testicular volume was reported in two individuals.®*”** Two

Records identified through
database screening
n =451 Duplicates removed

n=107

Embase n = 281
MEDLINE n =170

Articles excluded based on
title and abstract
n =282

Articles screened
n =344

Y

Full-text articles excluded

Full-text articles assessed n=39
for eligibility No relevant outcomes reported
n =62 n=30

No original datan =9

Articles included
n=23

FIGURE 1 Selection of studies for inclusion

individuals had venous thromboembolic events before the
initiation of estradiol.*®** Of the two case reports that reported
on semen analysis, both had azoospermia.®”-*® One individual had

osteopaenia.®®

4 | DISCUSSION

We performed a systematic review to determine the prevalence of
Klinefelter syndrome in trans and gender-diverse individuals
presumed male at birth, and to identify the clinical features of
Klinefelter syndrome that may result in treatment considerations in
trans people undergoing feminizing gender-affirming hormone
therapy. We found a 0.88% prevalence of Klinefelter syndrome,
which is higher than previous analyses in the general population.
Expected clinical and biochemical features of Klinefelter syndrome
were reported. Azoospermia and venous thromboembolism were
reported in individuals with Klinefelter syndrome before the
commencement of feminizing gender-affirming hormone therapy
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TABLE 2 Prevalence of Klinefelter syndrome in individuals presumed male at birth with gender incongruence

Reference Design, location Population Prevalence

Studies in which all individuals underwent karyotype
Hengstschlager et al.?” Cohort study
Single centre, Austria

Wylie and Steward?®

Retrospective cohort

Single centre, United Kingdom
Inoubli et al.” Retrospective cohort
Single centre, Belgium
Auer et al.’® Retrospective cohort
Single centre, Germany
Fernandez et al.?’ Retrospective cohort
Multicentre, Spain
Bagcaz et al.”® Retrospective cohort
Single centre, Turkey

|.29

Cankaya et a Retrospective, cohort

Single centre, Turkey

30 trans individuals with karyotype 0/30 (0%)

46 trans individuals with karyotype 0/46 (0%)
251 trans individuals with karyotype 3/251 (1.2%)
83 trans individuals with karyotype 1/83 (1.2%)
444 trans individuals with karyotype 5/444 (1.13%)
154 trans individuals with karyotype

0/154 (0%)

5 trans individuals with karyotype 0/5 (0%)

Studies in which karyotype was undertaken in individuals with suspected Klinefelter syndrome

Khatchadourian et al.*° Retrospective cohort

Single centre, Canada

Davies and Parkinson®* Retrospective cohort

Single centre, Australia

|.32

Ferreira et a Retrospective cohort

Single centre, Portugal

Vujovic et al.*® Retrospective cohort

Single centre, Serbia

and represent unique considerations for trans individuals with
Klinefelter syndrome.

4.1 | Prevalence of Klinefelter syndrome in trans
individuals

This review included 11 cohort studies, which consisted of 1376
individuals. Out of the total study population, 14 (1.02%) were
identified as having Klinefelter syndrome. Based on the seven studies
in which karyotype was undertaken in all individuals, the prevalence
is 9/1013 (0.88%; 95% Cl, 0.41%-1.68%). In the general population,
the prevalence of Klinefelter syndrome is estimated at 0.02%-0.22%
or approximately 1/600 people presumed male at birth.227%¢
However, it is important to note that Klinefelter syndrome is thought
to be underdiagnosed and even when diagnosed, it is usually delayed
and post-pubertal.**1%%%” Studies have suggested that 50%-75%
of Klinefelter syndrome is not diagnosed.*¢*®

37 transgender adolescents 1/37 (2.7%)

220 transgender individuals 3/220 (1.36%)

35 transgender individuals 1/35 (2.86%)

71 transgender individuals 0/71 (0%)

Given the underdiagnosis in the general population, pre-natal
screening programs can also be considered. Based on pre-natal
screening, the prevalence of Klinefelter syndrome is estimated to be
0.21%-0.23%.4“*° However, a 0.9% prevalence has been reported in
a cohort study evaluating the prevalence of 47 XXY karyotype in
male blastocysts from trophectoderm biopsies obtained during
preimplantation genetic testing cycles during in vitro fertilization.>®
However, several factors need to be considered, including if these
blastocysts would have lower implantation rates, higher early
miscarriage rates, or if there are higher rates of 47,XXY blastocysts
in infertile patients of advanced maternal age.*®

Although the prevalence of Klinefelter syndrome appears to be
higher than that observed in the general population and in pre-natal
screening, existing literature has not suggested undertaking karyo-
typing in trans individuals in the absence of suggestive clinical
features.” Some studies have concluded that there is no link whereas
others have identified a higher frequency of cytogenetic alterations
in trans individuals.”?”>* Past studies have questioned the utility of
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(Continued)

TABLE 3

Previous

Age of

Gynaecomastia

(Y/N)
NR

testosterone

Testosterone

Karyotype (nmol/L)

diagnosis
of KS

ge
(years)

Comorbidities

LH (IU/L)

NR

Semen analysis TV (ml)

treatment (Y/N)

Reference

Major depressive disorder

NR

NR

NR

NR

47 XXY

16

16

Tunas et al.*®

LIANG ET AL.

NR

12.7

NR

6 nmol/L

47 XXY

29

Wynne and Wallbank** 29

Dysthymic disorder

BPD

WNL NR

WNL

NR

47 XXY 1.7 nmol/L Y

s 19 16

Zastowny et al.**

(49 ng/dl)

Abbreviations: BPD, borderline personality disorder; CPA, cyproterone aetate; EE, ethinyl estradiol; LH, luteinizing hormone; NR, not reported; PE, pulmonary embolism; TV, testicular volume; WNL, within

normal limits.

routine chromosomal analysis in transgender care since results are

usually unremarkable.”2>°?

4.2 | Potential implications for diagnosing
Klinefelter syndrome in trans individuals

Our systematic review has highlighted expected clinical features of
Klinefelter syndrome which could have treatment implications
before, and following, the initiation of feminizing gender-affirming
hormone therapy. There are implications for fertility preservation,
and mitigation of risk of venous thromboembolic disease, as well as

monitoring bone health and breast cancer screening.

421 | Azoospermia and fertility considerations

Klinefelter syndrome is one of the most common genetic causes of
infertility in azoospermic males. Klinefelter syndrome is characterized
by progressive degeneration of testicular architecture into hyalinized

2252 and disruption of spermatogenesis.?? Testicular

tissue and fibrosis,
sperm extraction (TESE) and intracytoplasmic sperm injection have
been performed in people with Klinefelter syndrome.??°? There are
currently no established guidelines regarding the timing of TESE and
choice of harvesting technique.?? It is recommended that sperm
harvest should be completed before initiation of testosterone therapy,
or testosterone should be withheld if previously commenced.’*>*
A similar principle should apply to hormonal treatment for trans
individuals, where discussions regarding fertility should be undertaken
before the commencement of feminizing gender-affirming hormone

therapy.

422 | Venous thromboembolic events

Klinefelter syndrome is associated with a higher VTE risk than the
general population. Two individuals in our review had a previous
history of VTE before the commencement of feminizing hormone
therapy. A large study evaluating VTE risk in 1085 individuals with
Klinefelter syndrome using health registers in Sweden documented
a standardized incidence ratio of 6.43 compared to the general
male population.’” It has been postulated that the increased risk of
thromboembolism is due to the factor VIl gene which is located on
the X chromosome. Subsequently, factor VIII levels are increased,
thereby contributing to a hypercoagulable state. Compared to
controls, individuals with Klinefelter syndrome have higher Factor
VIII, fibrinogen and Factor VIII/Protein C ratio,”” as well as
increased thrombin generation and procoagulant changes to
thromboelastometry.*®

Estradiol is one of the mainstay feminizing therapies for trans

people seeking hormonal treatment.”®

Extrapolating from the
menopausal hormone therapy literature, oral estradiol is associated

with an increased risk of venous thromboembolism®”°¢ and the
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transdermal route of administration would be a consideration to
mitigate VTE risk.””°® However, notably there are no supportive data
in the trans population with no differences in hypercoagulable global
coagulation assays seen between transdermal and oral formulations
of feminizing hormone therapy.”” This may be possibly due to
relatively higher doses of transdermal estradiol used in gender-
affirming hormone therapy relative to menopausal hormone therapy.>”
Furthermore, estradiol dose should also be considered as higher doses
have been associated with a higher risk of thromboembolic disease.’®°
Given the risk profile of Klinefelter syndrome and the evidence of higher
rates of venous thromboembolism with escalating estradiol doses, the
lowest effective dose should be used for trans individuals treated with

estradiol therapy.*®

4.2.3 | Bone health

Osteoporosis is detected in up to 40% of people with Klinefelter
syndrome.®® Sex steroid deficiency, with lower serum testosterone
and estradiol concentrations, are contributory factors.®> Menopausal
hormone therapy has been shown to improve areal bone mineral
density and reduce fracture risk.®” Furthermore, several studies have
demonstrated that feminizing gender-affirming hormone therapy
improves areal bone mineral density.®>** In general, higher serum
estradiol concentrations correlate to higher areal bone mineral
density.®®> Although there are no official guidelines, guidelines
suggest monitoring bone mineral density with dual-energy X-ray
absorptiometry every 24 months in people with Klinefelter syn-
drome. Overall, the possible benefits of estradiol therapy for bone
health should be balanced with the risks of thromboembolic disease

in individuals with Klinefelter syndrome.®®

424 | Breast cancer

Another aspect of estradiol therapy to consider is the increased risk
of breast cancer. This is particularly pertinent in the context of
Klinefelter syndrome as previous studies have found there is a
57.8-fold increase in the incidence of male breast cancer and a
19.2-fold increase in mortality due to breast cancer in people with
Klinefelter syndrome.'” Hence, the combined risk of feminizing
treatment and Klinefelter syndrome should be considered if feminiz-
ing hormone therapy is desired. Several studies and systematic
reviews have shown estradiol-progestin therapy carries an increased
risk of breast cancer compared to estradiol therapy.®® “® Note that in
contrast to synthetic progestin therapy, there does not appear to be a
higher risk of breast cancer seen in people using micronized
progesterone.®’ There is limited evidence to suggest that the route
of estradiol administration alters risk.® Hence, the use of progestins
with estradiol should be cautioned in trans individuals with Klinefelter
syndrome. To monitor for breast cancer, clinical guidelines have
encouraged regular breast examination amongst people with Kline-
felter syndrome regardless of gender identity.’” Currently, there are

no published guidelines on mammographic screening in people with
Klinefelter syndrome. However, the diagnostic performance of
mammograms is highly sensitive and specific for male breast cancer

and is likely to result in earlier detection of malignancy.'””°

4.3 | Klinefelter syndrome and gender
incongruence

Whilst observational studies have potentially highlighted a higher
prevalence of Klinefelter syndrome amongst trans individuals
presumed male at birth compared to rates in the general population,
the link between the conditions remains unclear. Existing literature
alludes to a twofold explanation behind the predisposition to gender
incongruence. Firstly, a foetus with Klinefelter syndrome is exposed
to less androgens, which could contribute to a different development
of gender identity.”> Secondly, typical features of Klinefelter
syndrome such as gynaecomastia and sparse body hair can be
perceived as feminine. Some have suggested this may make the
individual more vulnerable to doubts surrounding their masculine
identity.*® This aligns with findings in two case reports where gender
incongruence improved after testosterone treatment.”®*> However,
this finding remains dependent on the individual and is subject to
speculation.

Another consideration is the prevalence of gender incongruence
amongst individuals with Klinefelter syndrome. One previous analysis
examined the Gender Identity/Gender Dysphoria Questionnaire for
Adults and Adolescents (GIDYQ-AA) in 46 individuals with Klinefelter
syndrome, compared to 43 eugonadal cisgender male controls.”?
Although individuals with Klinefelter syndrome had lower GIDYQ-AA
scores (indicating higher gender dysphoria) than the control group, no
individual met the GIDYQ-AA cut-off of <3 for gender dysphoria, nor
did any individual meet DSM-V criteria for gender dysphoria.”?
Similarly, there was a significant difference in scores between the
individuals with Klinefelter syndrome and a group of transgender
women.

Overall, it is important that gender-affirming treatment is
appropriately modified according to the risks and medical implica-
tions of Klinefelter syndrome. Furthermore, trans individuals should
be informed and counselled about the unique risks and different
options for feminizing gender-affirming hormone therapy before
initiation of treatment.

4.4 | Limitations

The limitations of this systematic review are selection bias and the
biases embedded within the retrospective cohort studies. None of
the included studies have a cisgender control group, so the increased
prevalence may be due to a higher number of karyotyping analyses.
Controlled studies would allow a comparison of the prevalence of
Klinefelter syndrome in the cisgender population. To our knowledge,
this is the first systematic review that has sought to determine the
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prevalence and clinical features of Klinefelter syndrome in trans

people.

5 | CONCLUSIONS

The findings of this systematic review demonstrate that there is a
higher prevalence of Klinefelter syndrome amongst trans and gender-
diverse individuals presumed male at birth compared to previous
analyses in the general population. However, underdiagnosis in the
general population limits conclusions. Routine karyotype in trans
people initiating hormone therapy is not supported unless hypergo-
nadotropic hypogonadism is detected at baseline or if clinical
features of Klinefelter syndrome, such as small testicular volume,
are present. Trans individuals with Klinefelter syndrome need to
manage a unique risk profile if they desire gender-affirming
treatment. Hence, it may be necessary to monitor and adjust
treatment to minimize risks such as thromboembolic disease, breast
cancer and infertility. However, such conclusions are based on limited
case studies and cohort analyses. More research is needed to address
the unique needs of trans individuals with Klinefelter syndrome and
to balance the medical risks with the desired outcomes of gender-
affirming hormone therapy.

ACKNOWLEDGEMENTS

A.S.C. is supported by a National Health and Medical Research
Council Early Career Fellowship (#1143333) and Investigator Grant
(#2008956). B.J.N. is a recipient of an Australian Government
National Health and Medical Research Council Postgraduate Schol-
arship (#2003939). Open access publishing facilitated by The
University of Melbourne, as part of the Wiley - The University of
Melbourne agreement via the Council of Australian University

Librarians.

CONFLICTS OF INTEREST

A.S.C. and B.J.N. have received products from Besins Healthcare for
investigator-initiated clinical studies using estradiol and progester-
one. No monetary support from Besins Healthcare was received for
these studies and Besins Healthcare has had no input into the design,

analysis or writing of any manuscripts.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were

created or analysed in this study.

ORCID
Ada S. Cheung
Brendan J. Nolan

http://orcid.org/0000-0001-5257-5525
http://orcid.org/0000-0001-8836-165X

REFERENCES

1. Byne W, Karasic DH, Coleman E, et al. Gender dysphoria in adults:
an overview and primer for psychiatrists. Transgend Health. 2018;
3(1):57-70. doi:10.1089/trgh.2017.0053

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Davy Z, Toze M. What is gender dysphoria? A critical systematic
narrative review. Transgend Health. 2018;3(1):159-169. doi:10.
1089/trgh.2018.0014

Polderman TJC, Kreukels BPC, Irwig MS, et al. The biological
contributions to gender identity and gender diversity: bringing data
to the table. Behav Genet. 2018;48(2):95-108. doi:10.1007/s10519-
018-9889-z

Foreman M, Hare L, York K, et al. Genetic link between gender
dysphoria and sex hormone signaling. J Clin Endocrinol Metab. 2019;
104(2):390-396. doi:10.1210/jc.2018-01105

Henningsson S, Westberg L, Nilsson S, et al. Sex steroid-related
genes and male-to-female transsexualism. Psychoneuroendocrinology.
2005;30(7):657-664. doi:10.1016/j.psyneuen.2005.02.006
Fernandez R, Guillamon A, Cortés-Cortés J, et al. Molecular basis of
gender dysphoria: androgen and estrogen receptor interaction.
Psychoneuroendocrinology. 2018;98:161-167. doi:10.1016/j.
psyneuen.2018.07.032

Ramirez KDV, Fernandez R, Delgado-Zayas E, et al. Implications of
the estrogen receptor coactivators SRC1 and SRC2 in the biological
basis of gender incongruence. Sex Med. 2021;9(3):100368. doi:10.
1016/j.esxm.2021.100368

Hare L, Bernard P, Sanchez FJ, et al. Androgen receptor repeat
length polymorphism associated with male-to-female transsexual-
ism. Biol Psychiatry. 2009;65(1):93-96. doi:10.1016/j.biopsych.2008.
08.033

Inoubli A, De Cuypere G, Rubens R, et al. Karyotyping, is it
worthwhile in transsexualism? J Sex Med. 2011;8(2):475-478. doi:10.
1111/j.1743-6109.2010.02130.x

Auer MK, Fuss J, Stalla GK, Athanasoulia AP. Twenty years of
endocrinologic treatment in transsexualism: analyzing the role of
chromosomal analysis and hormonal profiling in the diagnostic work-
up. Fertil Steril. 2013;100(4):1103-1110. doi:10.1016/j.fertnstert.
2013.05.047

Kanakis GA, Nieschlag E. Klinefelter syndrome: more than hypogo-
nadism. Metabolism. 2018;86:135-144. doi:10.1016/j.metabol.2017.
09.017

Bonomi M, Rochira V, Pasquali D, et al. Klinefelter syndrome (KS):
genetics, clinical phenotype and hypogonadism. J Endocrinol Invest.
2017;40(2):123-134. doi:10.1007/s40618-016-0541-6

Hast C, Skakkebaek A, Groth K, Bojesen A. The role of hypogonad-
ism in Klinefelter syndrome. Asian J Androl. 2014;16(2):185-191.
doi:10.4103/1008-682x.122201

Herlihy AS, Halliday JL, Cock ML, McLachlan RI. The prevalence and
diagnosis rates of Klinefelter syndrome: an Australian comparison. Med
J Aust. 2011;194(1):24-28. doi:10.5694/j.1326-5377.2011.th04141.x
Groth KA, Skakkebaek A, Hast C, Gravholt CH, Bojesen A. Klinefelter
syndrome—a clinical update. J Clin Endocrinol Metab. 2013;98(1):
20-30. doi:10.1210/jc.2012-2382

Pacenza N, Pasqualini T, Gottlieb S, et al. Clinical presentation of
Klinefelter's syndrome: differences according to age. Int J Endocrinol.
2012;2012:324835. doi:10.1155/2012/324835

Zoller B, Ji J, Sundquist J, Sundquist K. High risk of venous
thromboembolism in Klinefelter syndrome. J Am Heart Assoc. 2016;
5(5):e003567. doi:10.1161/JAHA.116.003567

Glueck CJ, Jetty V, Goldenberg N, Shah P, Wang P. Thrombophilia in
Klinefelter syndrome with deep venous thrombosis, pulmonary
embolism, and mesenteric artery thrombosis on testosterone
therapy: a pilot study. Clin Appl Thromb Hemost. 2016;23(8):
973-979. doi:10.1177/1076029616665923

Brinton LA. Breast cancer risk among patients with Klinefelter
syndrome. Acta Paediatr. 2011;100(6):814-818. doi:10.1111/j.1651-
2227.2010.02131.x

Hultborn R, Hanson C, Kopf I, Verbiené |, Warnhammar E,
Weimarck A. Prevalence of Klinefelter's syndrome in male breast
cancer patients. Anticancer Res. 1997;17(6d):4293-4297.


http://orcid.org/0000-0001-5257-5525
http://orcid.org/0000-0001-8836-165X
https://doi.org/10.1089/trgh.2017.0053
https://doi.org/10.1089/trgh.2018.0014
https://doi.org/10.1089/trgh.2018.0014
https://doi.org/10.1007/s10519-018-9889-z
https://doi.org/10.1007/s10519-018-9889-z
https://doi.org/10.1210/jc.2018-01105
https://doi.org/10.1016/j.psyneuen.2005.02.006
https://doi.org/10.1016/j.psyneuen.2018.07.032
https://doi.org/10.1016/j.psyneuen.2018.07.032
https://doi.org/10.1016/j.esxm.2021.100368
https://doi.org/10.1016/j.esxm.2021.100368
https://doi.org/10.1016/j.biopsych.2008.08.033
https://doi.org/10.1016/j.biopsych.2008.08.033
https://doi.org/10.1111/j.1743-6109.2010.02130.x
https://doi.org/10.1111/j.1743-6109.2010.02130.x
https://doi.org/10.1016/j.fertnstert.2013.05.047
https://doi.org/10.1016/j.fertnstert.2013.05.047
https://doi.org/10.1016/j.metabol.2017.09.017
https://doi.org/10.1016/j.metabol.2017.09.017
https://doi.org/10.1007/s40618-016-0541-6
https://doi.org/10.4103/1008-682x.122201
https://doi.org/10.5694/j.1326-5377.2011.tb04141.x
https://doi.org/10.1210/jc.2012-2382
https://doi.org/10.1155/2012/324835
https://doi.org/10.1161/JAHA.116.003567
https://doi.org/10.1177/1076029616665923
https://doi.org/10.1111/j.1651-2227.2010.02131.x
https://doi.org/10.1111/j.1651-2227.2010.02131.x

WILEY—"

patient. J Clin

in a patient with Klinefelter syndrome. Clin

LIANG ET AL.

21. Gravholt CH, Chang S, Wallentin M, Fedder J, Moore P, 40. Nishikawa E, Jia S, Dharamshi C, Charron V, Lock M. Prostate
Skakkebaek A. Klinefelter syndrome: integrating genetics, neuro- cancer, gender identity, and testosterone replacement therapy in
psychology, and endocrinology. Endocr Rev. 2018;39(4):389-423. Klinefelter syndrome: a case report and literature review. Cureus.
doi:10.1210/er.2017-00212 2019;11(5):e4630. doi:10.7759/cureus.4630

22. Hawksworth DJ, Szafran AA, Jordan PW, Dobs AS, Herati AS. 41. Seifert D, Windgassen K. Transsexual development of a patient with
Infertility in patients with klinefelter syndrome: optimal timing for Klinefelter's syndrome. Psychopathology. 1995;28(6):312-316.
sperm and testicular tissue cryopreservation. Rev Urol. 2018;20(2): 42. Serri O, Noiseux D, Robert F, Hardy J. Lactotroph hyperplasia in an
56-62. doi:10.3909/riu0790 estrogen treated male-to-female transsexual

23. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for Endocrinol Metab. 1996;81(9):3177-3179. doi:10.1210/jcem.81.9.
reporting systematic reviews and meta-analyses of studies that 8784065
evaluate healthcare interventions: explanation and elaboration. BMJ. 43. Tunas Uygun S, Dinc G, Goker Z, Uneri O. Gender dysphoria in an
2009;339:b2700. doi:10.1136/bmj.h2700 adolescent diagnosed with Klinefelter syndrome over a follow-up

24. StataCorp. Stata Statistical Software: Release 17. College Station period. Eur Res J. 2017;4(1):48-51. doi:10.18621/eurj.313304
TSL; 2021. 44, Wynne K, Wallbank R. Chromosomes, hormones and gender:

25. Hengstschlager M, van Trotsenburg M, Repa C, Marton E, Huber JC, transsexualism
Bernaschek G. Sex chromosome aberrations and transsexualism. Endocrinol. 2018;89(Suppl 1):66-67.

Fertil Steril. 2003;79(3):639-640. doi:10.1016/50015-0282(02) 45. Zastowny TR, Lehman AF, Dickerson F. Klinefelter's syndrome and
04805-7 psychopathology: a case study of the combined effects of nature

26. Wylie KR, Steward D. A consecutive series of 52 transsexual people and nurture. Int J Psychiatry Med. 1987;17(2):155-162. doi:10.2190/
presenting for assessment and chromosomal analysis at a gender 2e5m-1ylc-djkh-7ew8
identity clinic. Int J Transgend. 2008;10(3-4):147-148. doi:10.1080/ 46. Bojesen A, Juul S, Gravholt CH. Prenatal and postnatal prevalence of
15532730802297330 Klinefelter syndrome: a national registry study. J Clin Endocrinol

27. Fernandez R, Guillamén A, Gomez-Gil E, et al. Analyses of karyotype Metab. 2003;88(2):622-626. doi:10.1210/jc.2002-021491
by G-banding and high-resolution microarrays in a gender dysphoria 47. Bojesen A, Gravholt CH. Klinefelter syndrome in clinical practice.
population. Genes Genomics. 2018;40(5):465-473. doi:10.1007/ Nat Clin Pract Urol. 2007;4(4):192-204. doi:10.1038/ncpuro0775
s13258-017-0646-0 48. Herlihy AS, Gillam L. Thinking outside the square: considering

28. Bagcaz A, Boduroglu O, Basar K. Chromosome analysis in the gender in Klinefelter syndrome and 47, XXY. Int J Androl. 2011;
assessment for gender affirmation process: a retrospective study. 34(5pt2):e348-e349. doi:10.1111/j.1365-2605.2010/01132.x
Turk Psikiyatri Derg. 2019;30(3):157-162. doi:10.5080/u23572 49. Jo DG, Seo JT, Lee JS, Park SY, Kim JW. Klinefelter syndrome

29. Cankaya T, Onur Cura D, HaOzkalayci H, Ulgenalp A. Chromosomal diagnosed by prenatal screening tests in high-risk groups. Korean
evaluation results for transgender persons and questioning the J Urol. 2013;54(4):263-265. doi:10.4111/kju.2013.54.4.263
necessity of karyotyping. Erciyes Med J. 2021;43(2):166-169. doi:10. 50. Mazzilli R, Cimadomo D, Rienzi L, et al. Prevalence of XXY
14744/etd.2020.67915 karyotypes in human blastocysts: multicentre data from 7549

30. Khatchadourian K, Amed S, Metzger DL. Clinical management of trophectoderm biopsies obtained during preimplantation genetic
youth with gender dysphoria in Vancouver. J Pediatr. 2014;164(4): testing cycles in IVF. Hum Reprod. 2018;33(7):1355-1363. doi:10.
906-911. doi:10.1016/].jpeds.2013.10.068 1093/humrep/dey110

31. Davies GW, Parkinson J. Gender dysphoria in Klinefelter's syn- 51. Pang KC, Feldman D, Oertel R, Telfer M. Molecular karyotyping in
drome: three cases. Australas Psychiatry. 2018;26(3):313-314. children and adolescents with gender dysphoria. Transgend Health.
doi:10.1177/1039856217715986 2018;3(1):147-153. doi:10.1089/trgh.2017.0051

32. Ferreira MJ, Castedo JL, Pedro JP, Salazar CD, Costa CF, 52. Vloeberghs V, Verheyen G, Santos-Ribeiro S, et al. Is genetic
Carvalho DM. SUN-051 gender dysphoria—data from one hundred fatherhood within reach for all azoospermic Klinefelter men? PLoS
patients. J Endocr Soc. 2020;4(S1). doi:10.1210/jendso/bvaa046.931 ONE. 2018;13(7):e0200300. doi:10.1371/journal.pone.0200300

33. Vujovic S, Popovic S, Sbutega-Milosevic G, Djordjevic M, Gooren L. 53. Mehta A, Paduch DA. Klinefelter syndrome: an argument for early
Transsexualism in Serbia: a twenty-year follow-up study. J Sex Med. aggressive hormonal and fertility management. Fertil Steril. 2012;
2009;6(4):1018-1023. doi:10.1111/j.1743-6109.2008.00799.x 98(2):274-283. doi:10.1016/j.fertnstert.2012.06.001

34. Baker HJ, Stoller RJ. Sexual psychopathology in the hypogonadal 54. Davis SM, Rogol AD, Ross JL. Testis development and fertility
male. Arch Gen Psychiatry. 1968;18(5):631-634. doi:10.1001/ potential in boys with Klinefelter syndrome. Endocrinol Metab Clin
archpsyc.1968.01740050119019 North Am. 2015;44(4):843-865. doi:10.1016/j.ecl.2015.07.008

35. Davidson PW 3rd. Transsexualism in Klinefelter's syndrome. 55. Indirli R, Ferrante E, Scalambrino E, et al. Procoagulant imbalance in
Psychosomatics. 1966;7(2):94-98. doi:10.1016/s0033-3182(66) Klinefelter syndrome assessed by thrombin generation assay and
72176-8 whole-blood thromboelastometry. J Clin Endocrinol Metab. 2021;

36. Cryan EMJ, O'Donoghue FP. Transsexualism in a Klinefelter male: a 106(4):e1660-e1672. doi:10.1210/clinem/dgaa936
case report. Ir J Psychol Med. 1992;9(1):45-46. doi:10.1017/ 56. Unger CA. Hormone therapy for transgender patients. Transl Androl
S0790966700013926 Urol. 2016;5(6):877-884. doi:10.21037/tau.2016.09.04

37. Korchia T, Drai D, Maquigneau A, Albarel F, Lancon C. Evolution 57. Olié V, Canonico M, Scarabin PY. Risk of venous thrombosis with
under testosterone of a gender dysphoria in a Klinefelter syndrome. oral versus transdermal estrogen therapy among postmenopausal
Sexologies. 2018;27(4):e111-e113. doi:10.1016/].sex0l.2018.01.022 women. Curr Opin Hematol. 2010;17(5):457-463. doi:10.1097/

38. Maillefer A, Sabe M, Coste C, Bartolomei J, Jaafar J, Sentissi O. MOH.0b013e32833c07bc
Sexual identity disorder and psychosis in Klinefelter syndrome: a 58. Vinogradova Y, Coupland C, Hippisley-Cox J. Use of hormone
synthesis of literature and a case report. J Nerv Ment Dis. 2019; replacement therapy and risk of venous thromboembolism: nested
207(2):121-125. doi:10.1097/nmd.0000000000000930 case-control studies using the QResearch and CPRD databases.

39. Moustafa YW. A case of Klinefelter syndrome and gender dysphoria. BMJ. 2019;364:k4810. doi:10.1136/bmj.k4810
Am J Psychiatry Resid J. 2017;12(5):12-13. doi:10.1176/appi.ajp-rj. 59.

2017.120506

Lim HY, Leemaqz SY, Torkamani N, et al. Global coagulation assays
in transgender women on oral and transdermal estradiol therapy.


https://doi.org/10.1210/er.2017-00212
https://doi.org/10.3909/riu0790
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1016/S0015-0282(02)04805-7
https://doi.org/10.1016/S0015-0282(02)04805-7
https://doi.org/10.1080/15532730802297330
https://doi.org/10.1080/15532730802297330
https://doi.org/10.1007/s13258-017-0646-0
https://doi.org/10.1007/s13258-017-0646-0
https://doi.org/10.5080/u23572
https://doi.org/10.14744/etd.2020.67915
https://doi.org/10.14744/etd.2020.67915
https://doi.org/10.1016/j.jpeds.2013.10.068
https://doi.org/10.1177/1039856217715986
https://doi.org/10.1210/jendso/bvaa046.931
https://doi.org/10.1111/j.1743-6109.2008.00799.x
https://doi.org/10.1001/archpsyc.1968.01740050119019
https://doi.org/10.1001/archpsyc.1968.01740050119019
https://doi.org/10.1016/s0033-3182(66)72176-8
https://doi.org/10.1016/s0033-3182(66)72176-8
https://doi.org/10.1017/S0790966700013926
https://doi.org/10.1017/S0790966700013926
https://doi.org/10.1016/j.sexol.2018.01.022
https://doi.org/10.1097/nmd.0000000000000930
https://doi.org/10.1176/appi.ajp-rj.2017.120506
https://doi.org/10.1176/appi.ajp-rj.2017.120506
https://doi.org/10.7759/cureus.4630
https://doi.org/10.1210/jcem.81.9.8784065
https://doi.org/10.1210/jcem.81.9.8784065
https://doi.org/10.18621/eurj.313304
https://doi.org/10.2190/2e5m-1ylc-djkh-7ew8
https://doi.org/10.2190/2e5m-1ylc-djkh-7ew8
https://doi.org/10.1210/jc.2002-021491
https://doi.org/10.1038/ncpuro0775
https://doi.org/10.1111/j.1365-2605.2010/01132.x
https://doi.org/10.4111/kju.2013.54.4.263
https://doi.org/10.1093/humrep/dey110
https://doi.org/10.1093/humrep/dey110
https://doi.org/10.1089/trgh.2017.0051
https://doi.org/10.1371/journal.pone.0200300
https://doi.org/10.1016/j.fertnstert.2012.06.001
https://doi.org/10.1016/j.ecl.2015.07.008
https://doi.org/10.1210/clinem/dgaa936
https://doi.org/10.21037/tau.2016.09.04
https://doi.org/10.1097/MOH.0b013e32833c07bc
https://doi.org/10.1097/MOH.0b013e32833c07bc
https://doi.org/10.1136/bmj.k4810

&‘—Wl LEY

60.
61.
62.

63.
64.
65.
66.

67.

LIANG ET AL.

J Clin Endocrinol Metab. 2020;105(7):e2369-e2377. doi:10.1210/
clinem/dgaa262

Gialeraki A, Valsami S, Pittaras T, Panayiotakopoulos G, Politou M.
Oral contraceptives and HRT risk of thrombosis. Clin Appl Thromb
Hemost. 2018;24(2):217-225. doi:10.1177/1076029616683802
Ferlin A, Schipilliti M, Di Mambro A, Vinanzi C, Foresta C.
Osteoporosis in Klinefelter's syndrome. Mol Hum Reprod. 2010;
16(6):402-410. doi:10.1093/molehr/gaq026

Levin VA, Jiang X, Kagan R. Estrogen therapy for osteoporosis in the
modern era. Osteoporos Int. 2018;29(5):1049-1055. doi:10.1007/
s00198-018-4414-z

Nolan BJ, Cheung AS. Relationship between serum estradiol
concentrations and clinical outcomes in transgender individuals
undergoing feminizing hormone therapy: a narrative review.
Transgend Health. 2021;6(3):125-131. doi:10.1089/trgh.2020.0077
Wiepjes CM, Viot MC, Klaver M, et al. Bone mineral density
increases in trans persons after 1 year of hormonal treatment: a
multicenter prospective observational study. J Bone Miner Res. 2017,
32(6):1252-1260. doi:10.1002/jbmr.3102

Strange RC, Koénig CS, Puttanna A, et al. Klinefelters syndrome:
change in T-Scores with testosterone, bisphosphonate, and vitamin
D treatment over 6 years. Androg Clin Res Ther. 2021;2(1):111-120.
doi:10.1089/andro0.2021.0002

Yang Z, Hu Y, Zhang J, Xu L, Zeng R, Kang D. Estradiol therapy and
breast cancer risk in perimenopausal and postmenopausal women: a
systematic review and meta-analysis. Gynecol Endocrinol. 2017;
33(2):87-92. doi:10.1080/09513590.2016.1248932

Kim S, Ko Y, Lee HJ, Lim JE. Menopausal hormone therapy and the
risk of breast cancer by histological type and race: a meta-analysis of

68.

69.

70.

71.

72.

randomized controlled trials and cohort studies. Breast Cancer Res
Treat. 2018;170(3):667-675. doi:10.1007/s10549-018-4782-2
Roman M, Sakshaug S, Graff-lversen S, et al. Postmenopausal
hormone therapy and the risk of breast cancer in Norway. Int
J Cancer. 2016;138(3):584-593. doi:10.1002/ijc.29810

Stute P, Wildt L, Neulen J. The impact of micronized progesterone
on breast cancer risk: a systematic review. Climacteric. 2018;21(2):
111-122. doi:10.1080/13697137.2017.1421925

Woods RW, Salkowski LR, Elezaby M, Burnside ES, Strigel RM,
Fowler AM. Image-based screening for men at high risk for breast
cancer: benefits and drawbacks. Clin Imaging. 2020;60(1):84-89.
doi:10.1016/j.clinimag.2019.11.005

Chang S, Skakkebaek A, Trolle C, et al. Anthropometry in Klinefelter
syndrome—multifactorial influences due to CAG length, testosterone
treatment and possibly intrauterine hypogonadism. J Clin Endocrinol
Metab. 2015;100(3):E508-E517. doi:10.1210/jc.2014-2834

Fisher AD, Castellini G, Casale H, et al. Hypersexuality, paraphilic
behaviors, and gender dysphoria in individuals with Klinefelter's
syndrome. J Sex Med. 2015;12(12):2413-2424. doi:10.1111/jsm.
13048

How to cite this article: Liang B, Cheung AS, Nolan BJ. Clinical
features and prevalence of Klinefelter syndrome in
transgender individuals: a systematic review. Clin Endocrinol.
2022;1-10. doi:10.1111/cen.14734


https://doi.org/10.1210/clinem/dgaa262
https://doi.org/10.1210/clinem/dgaa262
https://doi.org/10.1177/1076029616683802
https://doi.org/10.1093/molehr/gaq026
https://doi.org/10.1007/s00198-018-4414-z
https://doi.org/10.1007/s00198-018-4414-z
https://doi.org/10.1089/trgh.2020.0077
https://doi.org/10.1002/jbmr.3102
https://doi.org/10.1089/andro.2021.0002
https://doi.org/10.1080/09513590.2016.1248932
https://doi.org/10.1007/s10549-018-4782-2
https://doi.org/10.1002/ijc.29810
https://doi.org/10.1080/13697137.2017.1421925
https://doi.org/10.1016/j.clinimag.2019.11.005
https://doi.org/10.1210/jc.2014-2834
https://doi.org/10.1111/jsm.13048
https://doi.org/10.1111/jsm.13048
https://doi.org/10.1111/cen.14734



