
Journal of

Clinical Medicine

Article

Estradiol–Testosterone Imbalance Is Associated with Erectile
Dysfunction in Patients with Klinefelter Syndrome

Maurizio De Rocco Ponce 1,* , Riccardo Selice 2, Antonella Di Mambro 2, Luca De Toni 2, Carlo Foresta 2

and Andrea Garolla 2

����������
�������

Citation: De Rocco Ponce, M.; Selice,

R.; Di Mambro, A.; De Toni, L.;

Foresta, C.; Garolla, A.

Estradiol–Testosterone Imbalance Is

Associated with Erectile Dysfunction

in Patients with Klinefelter Syndrome.

J. Clin. Med. 2021, 10, 2319. https://

doi.org/10.3390/jcm10112319

Academic Editors: Settimio D’Andrea,

Arcangelo Barbonetti and

Sandro Francavilla

Received: 12 April 2021

Accepted: 19 May 2021

Published: 26 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Andrology Department, Fundació Puigvert, Instituto de Investigaciones Biomédicas Sant Pau (IIB-Sant Pau),
Universitat Autónoma de Barcelona, c/Cartagena 340-350, 08025 Barcelona, Spain

2 Unit of Andrology and Reproductive Medicine, Department of Medicine, University of Padova, Via
Giustiniani 2, 35128 Padova, Italy; riccardo.selice@aopd.veneto.it (R.S.);
antonella.dimambro@aopd.veneto.it (A.D.M.); detoni.luca@gmail.com (L.D.T.); carlo.foresta@unipd.it (C.F.);
andrea.garolla@unipd.it (A.G.)

* Correspondence: maurizioderocco@msn.com; Tel.: +34-6611-9098

Abstract: Erectile dysfunction (ED) is a frequent sexual disorder in adult men. Klinefelter syndrome
(KS) is the most common sex chromosomal disorder and a frequent cause of male hypogonadism.
Psychological and cognitive aspects are quite typical in KS and have been linked to ED, while the
role of testosterone (T) levels in sexual function of KS subjects has not been fully elucidated. The
purpose of the present study is to investigate the role of hormonal disturbances in erectile function
of subjects with KS. We conducted a retrospective study involving 52 Klinefelter patients newly
diagnosed who never received androgen replacing therapy. All the subjects underwent medical
history, accurate physical examination, and blood tests. The International Index of Erectile Function
questionnaire (IIEF-EF) score correlated negatively with estradiol/testosterone ratio (E2/T); this
correlation remained statistically significant after correction for age ($ −0.320 p = 0.018). A multiple
linear regression analysis identified age and E2/T as the main predictors of IIEF-EF score (R2 0.169
F = 3.848 p = 0.008). Our findings corroborate previous KS data obtained in the general population
showing an association between higher E2/T ratio and impaired erectile function. Larger studies are
required to better elucidate the pathophysiology of ED in patients with KS.
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1. Introduction

Erectile dysfunction (ED) is the most common sexual disorder in adult men along with
premature ejaculation [1]. ED is defined as the persistent inability to obtain or maintain
a penile erection firm enough for satisfactory sexual intercourse [2]. An incidence of
25–30 new cases per 1000 people has been reported, and it is expected that by 2025 there will
be a prevalence of 322 million people affected all over the world [3]. In the Massachusetts
Male Aging Study, a global prevalence of 52% in patients between 40 and 70 years of age
was reported. Moreover, the prevalence of ED increases with age, reaching 67% in men
over 70 years [4]. Other major risk factors are smoking, sedentarism, and common chronic
diseases such as hypertension, hypercholesterolemia, obesity, and diabetes mellitus [5].
Moreover, ED represents a symptom that can be related to different pathophysiologic
processes involving vascular, neurological, or endocrinological impairment, among others.
Moreover, psychological and relational disorders may also lead to ED. According to the
main underlying condition, different subtypes of ED may be defined [5]. ED is named
“vasculogenic” when it is related to impaired cavernous artery blood inflow or to venous
outflow disorders. Vasculogenic ED is the most frequent type of ED in adult and older
men (up to 70% of all cases) [6]. Recent guidelines on male sexual dysfunction suggest
assessing the hormonal status during the diagnostic work-up of ED because hormonal
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disturbances can be involved in developing ED [7]. In particular, testosterone (T) deficiency
(i.e., hypogonadism) is associated with several sexual symptoms including ED [8], and it
can play an important role in erectile disorders [9]. Many studies have shown detrimental
effects of hypogonadism on penile erectile tissue, while androgen replacement therapy can
partly restore erectile function [10,11]. Interestingly, data from both animal and human
studies showed a possible relationship between estrogens (E2) and erectile function [12–16].
Moreover, some authors hypothesized that ED could be related to the imbalance between
T and E2 rather than to a direct effect of estrogens themselves [17]. However, the role of
estrogens in this context is still debated.

Klinefelter syndrome (KS) has a prevalence of 1:600, and it is the most common sex
chromosomal disorder. KS is also a frequent cause of male hypergonadotropic hypogo-
nadism [18]. In fact, subjects with KS often present with hypergonadotropic hypogonadism,
testicular hypotrophy, and infertility [19], along with a higher incidence of systemic dis-
eases such as venous thromboembolism, diabetes, cardiovascular diseases, metabolic
impairments, osteoporosis, and cancer [20–23]. Furthermore, psychological and cognitive
aspects are quite typical in KS and have been extensively investigated [24]. In particular,
some psychological disturbances have been linked to ED in KS, while the role of T levels
and hypogonadism in sexual function of subjects with KS is not fully elucidated [25].
Moreover, sexual function in KS has not been studied in depth, and only a few studies
have investigated the different roles of hormonal, neuropsychological, cognitive, and
relational disturbances.

The purpose of the present study is to investigate the role of hormonal disturbances
on the erectile function of subjects with KS. In particular, we explore the role of T, E2, and
their imbalance in the physiopathology of ED among patients with KS.

2. Materials and Methods
2.1. Study Type and Subjects of the Study

The present is a retrospective study involving 52 patients with KS newly diagnosed at
the Unit of Andrology and Reproductive Medicine of the University Hospital of Padua
from January 2014 to December 2019. Eligible patients were sexually active subjects with
KS and non-mosaic 47, XXY karyotype who had never received androgen replacing ther-
apy (ART) at the time of evaluation. The study was approved by the Ethics Committee
of the University Hospital of Padova (Protocol number 2357P), and each participant gave
his written informed consent. We excluded patients with mosaicism or more than one
supernumerary X chromosome. We also excluded patients with post-surgical ED, Pey-
ronie’s disease, neoplastic history, end-stage renal or liver disease, neurological disease, any
endocrine dysfunction different from hypogonadism, and subjects consuming any drug.

2.2. Clinical Assessment

All the subjects underwent an accurate physical examination with anthropometric
measurements (weight, height, body mass index (BMI), waist circumference (WC), testicu-
lar volume by orchidometer comparison) and medical history collection including pubertal
history, smoke habit, and alcohol misuse. All subjects completed the International Index
of Erectile Function questionnaire for erectile function (IIEF-15) [26]. Erectile dysfunction
was defined as an erectile function (EF) subdomain < 25 points. Blood tests included
fasting plasma glucose, glycated hemoglobin (HbA1c), fasting insulin, Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) calculation, serum lipid profile, hormone
levels (luteinizing hormone (LH), follicle stimulating hormone (FSH), total testosterone
(TT), free testosterone (FT), estradiol (E2), prolactin (PRL), and thyroid stimulating hor-
mone (TSH)), and total prostate-specific antigen (PSA). Hypogonadism was defined as
TT < 10.4 nmol/L [27]. Blood collection and pressure measurements were performed in
fasting conditions and avoiding cigarette smoking for a minimum of 12 h. FSH, LH, TT, and
E2 were evaluated by commercial electrochemiluminescence immunoassay (Elecsys 2010;
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Roche Diagnostics, Mannheim, Germany). Karyotype was determined after evaluation of
at least 50 peripheral blood lymphocyte metaphases.

2.3. Data Analysis

Data are expressed as mean ± standard deviation for continuous variables or as N
with percentage for categorical variables. The normal distribution of the variables was
assessed by the Kolmogorov–Smirnov test, and not all variables were normally distributed.
For correlation, a Spearman’s test was performed. For comparison of continuous variables
between groups a Mann–Whitney test was performed, while the Pearson X2 test or the exact
Fisher test was performed for categorical variables. Multiple linear regression analyses were
performed to test the effect of different parameters, whenever indicated. A p value < 0.05
was assumed as statistically significant. Statistical analysis was performed using SPSS
statistics software for Windows (SPSS Inc., Chicago, IL, USA).

3. Results

Fifty-two patients with KS were enrolled. Patients’ ages ranged from 18 to 58 years
(mean 31.2 ± 7.9 years). None of them had diabetes mellitus, 51.9% had dyslipidemia (i.e.,
total-cholesterol > 200 mg/dl or LDL-cholesterol > 130 mg/dl), 7.1% had hypertension,
60.3% were current smokers, and 53.4% had hypogonadism. The main characteristics of
enrolled patients are presented in Table 1.

Table 1. General characteristics of the study subjects.

General Characteristics of the Study Subjects

Age (years) 31.2 ± 7.9 TSH (mU/L) 1.80 ± 0.97
BMI (kg/m2) 26.2 ± 5.3 LH (UI/L) 21.7 ± 6.1

Waist circumference (cm) 99 ± 16 FSH (IU/L) 35.2 ± 12.2
Glycemia (mg/dL) 82 ± 15 Total testosterone (nmol/L) 10.14 ± 4.79

HbA1c (%) 5.4 ± 0.4 Hypogonadism (%) 31 (53.4)
HOMA-IR 2.3 ± 1.8 Free testosterone (nmol/L) 0.20 ± 0.09

Total cholesterol (mg/dL) 201 ± 46 Estradiol (pmolLl) 99.2 ± 34.6
HDL-cholesterol (mg/dL) 48 ± 11 Prolactin (ng/mL) 10.7 ± 6.3

Triglycerides (mg/dL) 152 ± 238 PSA (ng/mL) 0.59 ± 0.36
LDL-cholesterol (mg/dL) 126 ± 35 Total testicular volume (mL) 3.8 ± 1.2

Smoke habit (%) 35 (60.3) IIEF-EF (score) 26.7 ± 6.6
Hypertension (%) 4 (7.1) Erectile dysfunction (%) 12 (21.1)

BMI: body mass index, HbA1c: glycated hemoglobin, HOMA-IR: Homeostatic Model Assessment of Insulin
Resistance; TSH: thyroid stimulating hormone, LH: luteinizing hormone, FSH: follicle stimulating hormone.
Continuous variables are expressed as mean ± standard deviation. Categorical variables are expressed as n (%).

Twelve patients (21.1%) had ED according to their IIEF-EF score, while 46 (78.9%)
had normal IIEF-EF scores (no-ED). Patients with ED were significantly older (36.8 ± 9.7
vs. 29.6 ± 6.7 years p = 0.020), with a higher prevalence of hypertension (25% vs. 2.3%
p = 0.028) and higher triglycerides (183 ± 15 vs. 112 ± 14 mg/dL p = 0.006). Moreover, they
presented lower TT (7.8 ± 5.5 vs. 10.7 ± 4.4 nmol/L p = 0.046) with higher estradiol/total
testosterone ratio (E2/T: 17.9 ± 10.1 vs. 11.0 ± 6.2 p = 0.005). The characteristics of ED and
no-ED patients are detailed in Table 2.

IIEF-EF score correlated positively with TT ($ 0.303 p = 0.021) and negatively with age
($ −0.333 p = 0.011) and E2/T ($ −0.378 p = 0.003).

After correction for age, TT was no longer associated with IIEF-EF score. In contrast,
E2/T remained statistically correlated with IIEF-EF score after correction for age ($ −0.320
p = 0.018).

A multiple linear regression analysis identified age (β = 0.294 p = 0.033) and E2/T
(β = 0.483 p = 0.0.18) as the main predictors of IIEF-EF score (R2 0.169 F = 3.848 p = 0.008).

The E2/T ROC curve for ED showed an AUC of 0.763 (95% CI 0.604–0.921) with no
clear cut-off. However, a E2/T threshold of 10.3 pmol/nmol would provide a sensitivity of
83% and specificity of 65% (Figure 1).
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Table 2. Comparison between patients with ED and without ED.

ED (n = 12) No-ED (n = 46) p-Value

Age (years) 36.8 ± 9.7 29.6 ± 6.7 0.020
BMI (kg/m2) 27.5 ± 1.3 25.9 ± 0.8 0.313

Waist circumference (cm) 100 ± 3 98 ± 2 0.477
Glycemia (mg/dL) 88 ± 8 81 ± 1 0.751

HbA1c (%) 5.5 ± 0.2 5.3 ± 0.1 0.615
HOMA-IR 2.48 ± 0.62 2.36 ± 0.26 0.953

Total cholesterol (mg/dL) 216 ± 19 197 ± 6 0.508
HDL-cholesterol (mg/dL) 43 ± 3 49 ± 2 0.098

Triglycerides (mg/dL) 183 ± 15 112 ± 14 0.006
LDL-cholesterol (mg/dL) 137 ± 9 124 ± 5 0.245

Smoke habit (%) 7 (58.3) 28 (60.9) 0.873
Hypertension (%) 3 (25.0) 1 (2.3) 0.028

TSH (mU/L) 1.90 ± 0.19 1.78 ± 0.15 0.253
LH (UI/L) 20.1 ± 1.9 22.1 ± 0.9 0.472
FSH (IU/L) 30.8 ± 2.7 36.9 ± 1.8 0.182

Total testosterone (nmol/L) 7.8 ± 5.5 10.7 ± 4.4 0.046
Hypogonadism (%) 8 (66.7) 23 (50.0) 0.303

Free testosterone (nmol/L) 0.16 ± 0.03 0.21 ± 0.01 0.201
Estradiol (pmol/L) 95 ± 10 100 ± 5 0.818
E2/T (pmol/nmol) 17.9 ± 10.1 11.0 ± 6.2 0.005
Prolactin (ng/mL) 13.2 ± 3.4 10.0 ± 0.6 0.810

PSA (ng/mL) 0.49 ± 0.08 0.62 ± 0.05 0.328
IIEF-EF (score) 15.7 ± 7.7 29.5 ± 1.0 <0.001
IIEF-OD (score) 8.75 ± 2.3 9.8 ± 0.5 0.135
IIEF-SD (score) 5.7 ± 1.7 7.7 ± 1.6 <0.001
IIEF-IS (score) 6.8 ± 4.6 12.0 ± 3.1 0.003
IIEF-OS (score) 6.2 ± 2.4 8.1 ± 1.2 0.042

Characteristics of patients with erectile dysfunction (ED) and without erectile dysfunction (No-ED). BMI: body
mass index, HbA1c: glycated hemoglobin, HOMA-IR: Homeostatic Model Assessment of Insulin Resistance;
TSH: thyroid stimulating hormone, LH: luteinizing hormone, FSH: follicle stimulating hormone. IIEF-EF: IIEF-15
erectile function domain, IIEF-OD: IIEF-15 orgasmic function domain, IIEF-SD: IIEF-15 sexual desire domain, IIEF-
IS: IIEF-15 intercourse satisfaction domain, IIEF-OS: IIEF-15 overall satisfaction domain. Continuous variables are
expressed as mean ± standard deviation. Categorical variables are expressed as n (%).
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4. Discussion

Sexual dysfunction is considered a possible presentation for patients with KS [28]. It is
believed that after the age of 25, about 70% of patients with KS complain about decreased
libido and erectile dysfunction [29]. Yoshida found that 67.5% of subjects with KS have
at least one sexual function disturbance [30]. In our study we found a prevalence of ED
among patients with KS of 21.1%, which is comparable with previous literature regarding
the prevalence of ED in KS [31].

It is well acknowledged that T plays a role in many aspects of normal sexual func-
tion such as desire, arousal, orgasm, and ejaculation. Therefore, ED in KS is commonly
considered to be secondary to the hypogonadism usually present [32]. In fact, Corona
et al. reported the association between KS and severe ED, hypoactive sexual desire, and
premature and delayed ejaculation. Nevertheless, these association disappeared when
compared with control subjects matched for age, smoking habit, and T, so the authors
concluded that sexual dysfunction in KS is mainly due to hypogonadism [33]. On the
other hand, other data showed that ED in KS is also linked to psychological disturbances,
while erectile function seems to be less related to T levels and hypogonadism. Moreover, T
replacement therapy is not able to improve erections [25]. Therefore, the exact role of T in
the sexuality of KS patients is still debated.

In our study, even if patients with ED presented significantly lower TT levels, erectile
function measured with the IIEF-EF questionnaire was not independently associated with
TT after correction for confounding factors. In 2013, El-Sakka et al. suggested a possible
role of E2 in ED. They performed a clinical study in 614 middle-aged subjects with ED and
found a negative correlation between lower IIEF-5 score and both low TT with high E2 or
normal/low TT and/or elevated E2 [13]. Actually, E2 receptors had been already demon-
strated in both smooth muscle cells and endothelium of human corpus cavernosum [34].
After that, Vignozzi et al. showed in a rabbit model that metabolic syndrome-induced
ED was more associated with higher E2 rather than with lower T levels [12]. Recently,
Xu et al. demonstrated that E2 was able to reduce erectile function assessed by nocturnal
penile tumescence rigidity test (Rigiscan) in 135 non-diabetic men [15]. More recently, Chen
et al. compared 195 eugonadic subjects with organic or psychogenic ED and 52 healthy
men by the IIEF questionnaire, Rigiscan, and penile color-doppler ultrasound (PCDU).
Their data showed a correlation between higher E2 levels and organic ED, defined as a
worse penile rigidity in the Rigiscan. We confirmed these findings in work on patients
with type 2 diabetes mellitus (T2DM), where we found a correlation between E2 levels
and IIEF-5 scores [35]. In the present study E2 levels are not independently correlated
with erectile function. However, the underlying mechanisms in KS may be partly different
from those in T2DM. For example, although the expression of aromatase has been reported
to be four times higher in testis of men with KS [36], in our study this did not translate
into a condition of peripheric hyperestrogenism as in the patients with diabetes mellitus.
A possible explanation may be the concomitant normal–low testosterone levels with low
aromatase substrate availability.

Other studies evidenced a relative hyperestrogenism (i.e., increased E2/T) in men
with KS [37]. Interestingly, in the present study the E2/T ratio emerged as independently
correlated with IIEF-EF score, and this correlation remained statistically significant after
correction for age, TT, and E2. Moreover, the multiple linear regression analysis supported
the value of E2/T in relation to ED, as age and E2/T were the main predictors of IIEF-EF
score. The impact of age on the development of ED is not surprising, since age is a known
risk factor for ED, and in the general population, the incidence of ED increases with age [4].
In our study also, patients with ED were significantly older. From this point of view, we
confirmed in subjects with KS the importance of ageing as risk factor in the natural history
of ED. On the other hand, why E2/T is a better predictor rather than TT or E2 levels alone
is an intriguing question. A possible explanation is that in a context of normal–low levels of
TT, the E2/T ratio is a more sensitive parameter of hormonal balance in relation to erectile
function than TT or E2 levels alone. This hypothesis could be supported by some previous
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works. For instance, in 2016, Wu et al. performed a study about sexual dysfunction in 878
men including 292 patients with ED and 347 controls without ED. In that study, they found
that ED patients showed higher E2 levels in comparison with controls, with no statistical
difference in testosterone concentrations. Importantly, the E2/T was also higher than in
normal control subjects [14].

As regards the pathophysiology underlying this association between E2/T and erectile
function in patients with KS, we can only speculate as we lack other data such as PCDU
assessment to support any hypothesis. However, extending the analysis to data from the
other IIEF-15 domains, we found a significant negative association between E2/T with
the IIEF-15 desire domain ($ −0.369 p = 0.005). Moreover, KS subjects with ED presented
significantly worse scores in the IIEF-15 sexual desire subdomain, and significantly worse
intercourse and overall satisfaction scores, while the orgasmic function subdomain was not
statistically different (Table 2). This means that erectile function and desire are covariates
negatively associated with E2/T and that low desire and ED may influence each other in
patients with KS. In fact, these results are similar to those by El Bardisi et al., who found a
significantly higher incidence of low libido in KS patients vs. controls (54.7% vs. 17.3%,
respectively) despite normal testosterone levels [31].

Taken altogether, our data suggest a negative effect of higher E2/T ratio on erectile
function. However, the exact mechanisms underlying this association is unclear, as low
sexual desire may play a role, while we do not have data about penile vascular function.

To the best of our knowledge, this is the first study investigating the role of estradiol
and testosterone imbalance in relation to sexual function in patients with KS. The major
limitation of this study is the small sample size that may not be sufficient to show consistent
or further correlations. Moreover, concentrations of albumin and sex hormone binding
globulin were not available; thus, possible fluctuations of the bioactive amount of E2 and
T could not be assessed. We also lacked PCDU assessment as an objective assessment of
penile vascular function. Finally, data from a specific psychological assessment were not
available; therefore, we could not properly evaluate the role of any psychological alteration
in the pathophysiology of ED in our patients.

5. Conclusions

Our findings confirm for the first time in patients with KS data previously obtained in
the general population showing an association between higher E2/T and impaired erectile
function. Low sexual desire may play a role, but the exact mechanisms underlying this
association remain unclear. Further studies with larger samples are required to better
elucidate the pathophysiology of the interaction between estrogen–testosterone imbalance
and erectile function, both in patients with KS and in the general population.

Author Contributions: Conceptualization, M.D.R.P., R.S., and A.G.; methodology, M.D.R.P., R.S.,
and A.G.; formal analysis, M.D.R.P.; investigation, M.D.R.P., R.S., A.D.M., L.D.T., C.F., and A.G.;
resources and data curation, M.D.R.P., R.S., and A.D.M.; writing—original draft preparation, M.D.R.P.;
writing—review and editing, M.D.R.P., R.S., A.D.M., L.D.T., C.F., and A.G.; supervision, C.F. and A.G.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of University Hospital of Padua
(Protocol number 2357P).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2021, 10, 2319 7 of 8

References
1. Lewis, R.W.; Fugl-Meyer, K.S.; Corona, G.; Hayes, R.D.; Laumann, E.O.; Moreira, E.D., Jr.; Rellini, A.H.; Segraves, T. Defini-

tions/epidemiology/risk factors for sexual dysfunction. J. Sex. Med. 2010, 7, 1598–1607. [CrossRef]
2. NIH Consensus Conference Impotence. NIH Consensus Development Panel on Impotence. JAMA 1993, 270, 83–90. [CrossRef]
3. Ayta, I.A.; McKinlay, J.B.; Krane, R.J. The likely worldwide increase in erectile dysfunction between 1995 and 2025 and some

possible policy consequences. BJU Int. 1999, 84, 50–56. [CrossRef] [PubMed]
4. Johannes, C.B.; Araujo, A.B.; Feldman, H.A.; Derby, C.A.; Kleinman, K.P.; McKinlay, J.B. Incidence of erectile dysfunction in men

40 to 69 years old: Longitudinal results from the Massachusetts Male Aging Study. J. Urol. 2000, 163, 460–463. [CrossRef]
5. Yafi, F.A.; Jenkins, L.; Albersen, M.; Corona, G.; Isidori, A.M.; Goldfarb, S.; Maggi, M.; Nelson, C.J.; Parish, S.; Salonia, A.; et al.

Erectile dysfunction. Nat. Rev. Dis. Primers 2016, 2, 16003. [CrossRef] [PubMed]
6. Lue, T.F. Impotence and infertility. In Atlas of Clinical Urology; Vaughan, E.D., Jr., Perimutter, A.P., Eds.; Current Medicine. Inc.:

Philadelphia, PA, USA, 1999; Volume 1, pp. 4–13.
7. Hatzimouratidis, K.; Amar, E.; Eardley, I.; Giuliano, F.; Hatzichristou, D.; Montorsi, F.; Vardi, Y.; Wespes, E.; European Association

of Urology. Guidelines on male sexual dysfunction: Erectile dysfunction and premature ejaculation. Eur. Urol. 2010, 57, 804–814.
[CrossRef] [PubMed]

8. Soran, H.; Wu, F.C. Endocrine causes of erectile dysfunction. Int. J. Androl. 2005, 28 (Suppl. 2), 28–34. [CrossRef]
9. Corona, G.; Maggi, M. The role of testosterone in erectile dysfunction. Nat. Rev. Urol. 2010, 7, 46–56. [CrossRef]
10. Gooren, L.J.; Saad, F. Recent insights into androgen action on the anatomical and physiological substrate of penile erection. Asian

J. Androl. 2006, 8, 3–9. [CrossRef]
11. Traish, A.M.; Goldstein, I.; Kim, N.N. Testosterone and erectile function: From basic research to a new clinical paradigm for

managing men with androgen insufficiency and erectile dysfunction. Eur. Urol. 2007, 52, 54–70. [CrossRef]
12. Vignozzi, L.; Filippi, S.; Comeglio, P.; Cellai, I.; Morelli, A.; Marchetta, M.; Maggi, M. Estrogen mediates metabolic syndrome-

induced erectile dysfunction: A study in the rabbit. J. Sex. Med. 2014, 11, 2890–2902. [CrossRef]
13. El-Sakka, A.I. Impact of the association between elevated oestradiol and low testosterone levels on erectile dysfunction severity.

Asian J. Androl. 2013, 15, 492–496. [CrossRef]
14. Wu, F.; Chen, T.; Mao, S.; Jiang, H.; Ding, Q.; Xu, G. Levels of estradiol and testosterone are altered in Chinese men with sexual

dysfunction. Andrology 2016, 4, 932–938. [CrossRef]
15. Xu, Z.H.; Xu, X.H.; Pan, D.; Liu, T.Y.; Yuan, M.Z.; Jiang, S.; Guan, Y.; Zhao, S.T. Effect of estradiol on penile erection: A

cross-sectional study. Transl. Androl. Urol. 2019, 8, 574–582. [CrossRef]
16. Chen, H.R.; Tian, R.H.; Li, P.; Chen, H.X.; Xia, S.J.; Li, Z. Estradiol is an independent risk factor for organic erectile dysfunction in

eugonadal young men. Asian J. Androl. 2020, 22, 636–641. [CrossRef]
17. Srilatha, B.; Adaikan, P.G. Endocrine milieu and erectile dysfunction: Is oestradiol-testosterone imbalance, a risk factor in the

elderly? Asian J. Androl. 2011, 13, 569–573. [CrossRef] [PubMed]
18. Lanfranco, F.; Kamischke, A.; Zitzmann, M.; Nieschlag, E. Klinefelter’s syndrome. Lancet 2004, 364, 273–283. [CrossRef]
19. Klinefelter, H.F.; Reifenstein, E.C.; Albright, F. Syndrome characterized by gynecomastia, aspermatogenesis without A-leydigism,

and increased excretion of follicle stimulating hormone. J. Clin. Endocrinol. Metab. 1942, 2, 615–627. [CrossRef]
20. Forti, G.; Corona, G.; Vignozzi, L.; Krausz, C.; Maggi, M. Klinefelter’s syndrome: A clinical and therapeutical update. Sex. Dev.

2010, 4, 249–258. [CrossRef]
21. Nieschlag, E.; Ferlin, A.; Gravholt, C.H.; Gromoll, J.; Köhler, B.; Lejeune, H.; Rogol, A.D.; Wistuba, J. The Klinefelter syndrome:

Current management and research challenges. Andrology 2016, 4, 545–549. [CrossRef]
22. Bonomi, M.; Rochira, V.; Pasquali, D.; Balercia, G.; Jannini, E.A.; Ferlin, A.; Klinefelter ItaliaN Group (KING). Klinefelter syndrome

(KS): Genetics, clinical phenotype and hypogonadism. J. Endocrinol. Investig. 2017, 40, 123–134. [CrossRef] [PubMed]
23. Calogero, A.E.; Giagulli, V.A.; Mongioi, L.M.; Triggiani, V.; Radicioni, A.F.; Jannini, E.A.; Pasquali, D.; Klinefelter ItaliaN Group

(KING). Klinefelter syndrome: Cardiovascular abnormalities and metabolic disorders. J. Endocrinol. Investig. 2017, 40, 705–712.
[CrossRef]

24. Skakkebæk, A.; Wallentin, M.; Gravholt, C.H. Neuropsychology and socioeconomic aspects of Klinefelter syndrome: New
developments. Curr. Opin. Endocrinol. Diabetes Obes. 2015, 22, 209–216. [CrossRef] [PubMed]

25. Ferlin, A.; Selice, R.; Angelini, S.; Di Grazia, M.; Caretta, N.; Cavalieri, F.; Di Mambro, A.; Foresta, C. Endocrine and psychological
aspects of sexual dysfunction in Klinefelter patients. Andrology 2018, 6, 414–419. [CrossRef]

26. Cappelleri, J.C.; Rosen, R.C.; Smith, M.D.; Mishra, A.; Osterloh, I.H. Diagnostic evaluation of the erectile function domain of the
International Index of Erectile Function. Urology 1999, 54, 346–351. [CrossRef]

27. Bhasin, S.; Cunningham, G.R.; Hayes, F.J.; Matsumoto, A.M.; Snyder, P.J.; Swerdloff, R.S.; Montori, V.M.; Task Force, Endocrine
Society. Testosterone therapy in men with androgen deficiency syndromes: An Endocrine Society clinical practice guideline. J.
Clin. Endocrinol. Metab. 2010, 95, 2536–2559. [CrossRef] [PubMed]

28. Vogt, H.J. Sexual behavior in Klinefelter’s syndrome. In Klinefelter’s Syndrome; Bandmann, H.-J., Breit, R., Perwein, E., Eds.;
Springer: Berlin/Heidelberg, Germany, 1984; pp. 163–169.

29. Nieschlag, E.; Behre, H.M.; Wieacker, P.; Meschede, D.; Kamischke, A.; Kliesch, S. Disorders at the Testicular Level; Springer:
Berlin/Heidelberg, Germany, 2010; Volume 3.

http://doi.org/10.1111/j.1743-6109.2010.01778.x
http://doi.org/10.1001/jama.1993.03510010089036
http://doi.org/10.1046/j.1464-410x.1999.00142.x
http://www.ncbi.nlm.nih.gov/pubmed/10444124
http://doi.org/10.1016/S0022-5347(05)67900-1
http://doi.org/10.1038/nrdp.2016.3
http://www.ncbi.nlm.nih.gov/pubmed/27188339
http://doi.org/10.1016/j.eururo.2010.02.020
http://www.ncbi.nlm.nih.gov/pubmed/20189712
http://doi.org/10.1111/j.1365-2605.2005.00596.x
http://doi.org/10.1038/nrurol.2009.235
http://doi.org/10.1111/j.1745-7262.2006.00105.x
http://doi.org/10.1016/j.eururo.2007.02.034
http://doi.org/10.1111/jsm.12695
http://doi.org/10.1038/aja.2013.20
http://doi.org/10.1111/andr.12195
http://doi.org/10.21037/tau.2019.10.15
http://doi.org/10.4103/aja.aja_135_19
http://doi.org/10.1038/aja.2010.129
http://www.ncbi.nlm.nih.gov/pubmed/21423199
http://doi.org/10.1016/S0140-6736(04)16678-6
http://doi.org/10.1210/jcem-2-11-615
http://doi.org/10.1159/000316604
http://doi.org/10.1111/andr.12208
http://doi.org/10.1007/s40618-016-0541-6
http://www.ncbi.nlm.nih.gov/pubmed/27644703
http://doi.org/10.1007/s40618-017-0619-9
http://doi.org/10.1097/MED.0000000000000157
http://www.ncbi.nlm.nih.gov/pubmed/25899809
http://doi.org/10.1111/andr.12474
http://doi.org/10.1016/S0090-4295(99)00099-0
http://doi.org/10.1210/jc.2009-2354
http://www.ncbi.nlm.nih.gov/pubmed/20525905


J. Clin. Med. 2021, 10, 2319 8 of 8

30. Yoshida, A.; Miura, K.; Nagao, K.; Hara, H.; Ishii, N.; Shirai, M. Sexual function and clinical features of patients with Klinefelter’s
syndrome with the chief complaint of male infertility. Int. J. Androl. 1997, 20, 80–85. [CrossRef]

31. El Bardisi, H.; Majzoub, A.; Al Said, S.; Alnawasra, H.; Dabbous, Z.; Arafa, M. Sexual dysfunction in Klinefelter’s syndrome
patients. Andrologia 2017, 49. [CrossRef]

32. Paduch, D.A.; Fine, R.G.; Bolyakov, A.; Kiper, J. New concepts in Klinefelter syndrome. Curr. Opin. Urol. 2008, 18, 621–627.
[CrossRef]

33. Corona, G.; Petrone, L.; Paggi, F.; Lotti, F.; Boddi, V.; Fisher, A.; Vignozzi, L.; Balercia, G.; Sforza, A.; Forti, G.; et al. Sexual
dysfunction in subjects with Klinefelter’s syndrome. Int. J. Androl. 2010, 33, 574–580. [CrossRef]

34. Jesmin, S.; Mowa, C.N.; Matsuda, N.; Salah-Eldin, A.-E.; Togashi, H.; Sakuma, I.; Hattori, Y.; Kitabatake, A. Evidence for a potential
role of estrogen in the penis: Detection of estrogen receptor-α and -β messenger ribonucleic acid and protein. Endocrinology 2002,
143, 4764–4774. [CrossRef]

35. De Rocco Ponce, M.; Garolla, A.; Caretta, N.; De Toni, L.; Avogaro, A.; Foresta, C. Estradiol correlates with erectile dysfunction
and its severity in type 2 diabetic patients. J. Diabetes Complicat. 2020, 34, 107728. [CrossRef] [PubMed]

36. Paduch, D.A.; Bolyakov, A.; Cohen, P.; Travis, A. Reproduction in men with Klinefelter syndrome: The past, the present, and the
future. Semin. Reprod. Med. 2009, 27, 137–148. [CrossRef] [PubMed]

37. Santi, D.; De Vincentis, S.; Scaltriti, S.; Rochira, V. Relative hyperestrogenism in Klinefelter Syndrome: Results from a meta-analysis.
Endocrine 2019, 64, 209–219. [CrossRef] [PubMed]

http://doi.org/10.1046/j.1365-2605.1997.00109.x
http://doi.org/10.1111/and.12670
http://doi.org/10.1097/MOU.0b013e32831367c7
http://doi.org/10.1111/j.1365-2605.2009.00986.x
http://doi.org/10.1210/en.2002-220628
http://doi.org/10.1016/j.jdiacomp.2020.107728
http://www.ncbi.nlm.nih.gov/pubmed/33028498
http://doi.org/10.1055/s-0029-1202302
http://www.ncbi.nlm.nih.gov/pubmed/19247915
http://doi.org/10.1007/s12020-019-01850-y
http://www.ncbi.nlm.nih.gov/pubmed/30701446

	Introduction 
	Materials and Methods 
	Study Type and Subjects of the Study 
	Clinical Assessment 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

