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Estradiol/testosterone ratio: unveiling links between hormones, sexual 
function, and health in chronic non-communicable diseases

Relación estradiol/testosterona: descubriendo vínculos entre hormonas, 
función sexual y salud en enfermedades crónicas no transmisibles
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Abstract

Objective: Determine the association and utility of measuring estradiol-to-testosterone ratio on erectile dysfunction (ED) and 
libido. Materials and methods: This is a case–control study involving 32 adult male patients with chronic pathologies who 
consulted for sexual dysfunction. Cases defined as subjects with hypoactive sexual desire. Results: Diabetes mellitus showed 
a significant LR of 6.58. Testosterone levels differed between cases and controls, yet no differences emerged for estradiol or 
estradiol-to-testosterone ratio. Subgroups defined by testosterone and LH levels were established. Low testosterone and 
inappropriately normal LH showed an OR of 13 and significant LR. Analysis of normal and inappropriately normal LH cate-
gories revealed significant differences in E/T ratio and adjusted testosterone. ROC curves assessed E/T ratio effectiveness 
for diagnosing hypogonadotropic hypogonadism and SD. A cutoff point of 5.98 for E/T ratio yielded 0.85 sensitivity and 0.79 
specificity. Conclusions: No significant differences were observed between cases and controls. Differences were observed 
when analyzed in subgroups based on LH response, indicating estradiol-to-testosterone ratio may be useful in studying 

inappropriate LH response. A larger sample size is warranted to be able to extrapolate our results.
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Resumen

Objetivo: Determinar asociación y utilidad de medir la relación estradiol-testosterona en disfunción eréctil y libido. Método: Casos 
y controles, involucrando 32 pacientes con patologías crónicas que consultaron por disfunción sexual, definiendo casos como 
adultos con libido hipoactiva. Resultados: En los sujetos con diabetes mellitus se evidenció likelihood ratio (LR) significativo (6,58). 
Hubo diferencias significativas en testosterona entre casos y controles, sin diferencias en estradiol o la relación estradiol-testosterona. 
Se establecieron subgrupos según testosterona y hormona luteinizante (LH). Testosterona baja y LH inapropiadamente normal, 
mostraron una odds ratio (OR) de 13 y LR significativo. Análisis de LH normal e inapropiadamente normal, reveló diferencias sig-
nificativas en la relación estradiol-testosterona y testosterona corregida. Curvas ROC evaluaron la eficacia de relación estradiol-tes-
tosterona para diagnosticar hipogonadismo hipogonadotrópico y disfunción eréctil (DE). Un punto de corte de 5,98 para la relación 
estradiol-testosterona arrojó una sensibilidad del 0,85 y una especificidad del 0,79. Conclusiones: Se observaron diferencias al 
analizar en subgrupos basados en la respuesta de LH, sugiriendo que medir la relación estradiol-testosterona puede ser útil para 
estudiar la respuesta inapropiada de LH. Se requiere un tamaño de muestra más grande para extrapolar nuestros resultados.
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Introduction

Estrogens and androgens are steroid hormones 
present in both men and women, regulated by the 
hypothalamic-pituitary-gonadal (HPG) axis. The secre-
tion of gonadotropin-releasing hormone (GnRH) by the 
hypothalamus stimulates the production of luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH) 
by the anterior pituitary gland, which ultimately leads to 
the production of testosterone (T). Testosterone acts 
as an androgen or can be a substrate for estrogen 
synthesis1. While typically considered a female hor-
mone, estrogen also influences male function. 
Aromatase catalyzes estrogen synthesis through the 
aromatization of testosterone, with approximately 20% 
produced in Leydig cells, with the remaining percent-
age being produced in tissues such as adipose, brain, 
skin, liver, and bone tissue2.

Kisspeptin neurons located in the hypothalamus gen-
erate excitatory stimuli on the GPR54 receptor 
expressed in GnRH neurons3, causing the pulsatile 
secretion of GnRH into the HPG circulation. This stim-
ulates the synthesis and release of LH and FSH in the 
adenohypophysis, which will eventually reach the 
gonads. FSH initiates spermatogenesis in men, while 
LH stimulates testosterone production by Leydig cells4. 
This axis is regulated by a negative feedback system 
mediated by estrogens4. Recent research suggests kis-
speptin may be the mediator, as estrogens decrease 
its expression5.

Although estradiol has been isolated and identified 
as a sex hormone since 19236, its role in male sexual 
function has only recently been understood. Aromatase 
knockout mice (Cyp19KO or ArKO) were studied to 
assess their fertility, revealing alterations in copulatory 
behavior consistent with prior research, and highlight-
ing the importance of local estrogen synthesis in the 
medial preoptic area during development. When placed 
with a female mouse, these ArKO mice exhibited a 
curious and insecure behavior, initiating what appeared 
to be a non-sexual relationship with females. Fertility 
deterioration was also observed by the number of lit-
ters; wild-type mice had an average of 1.75 ± 0.3  L. 
whereas of the ArKO mice, 5 had an average of 
1.2 ± 0.2 L and the rest produced no offspring. These 
differences were attributed to alterations in spermato-
genesis caused by estrogen deficiency, potentially 
damaging sperm fertilization potential and reducing 
copulatory behavior7.

Male erectile function relies on a complex interplay 
between various factors including the nervous system, 

vascular endothelium, hormonal, psychological factors, 
and structural integrity of the penis. Sexual stimulation 
activates the parasympathetic system leading to the 
production of nitric oxide (NO), causing cavernous 
sinuses and arteries to dilate and enhancing blood flow. 
Prostanoids and hyperpolarizing factors from penile 
endothelium allow the filling of the sinusoidal spaces of 
the corpus cavernosum. Compression of the venules 
of the sub-tunica generates complete occlusion of 
venous drainage, sustaining the erection8. Hormonal 
influences include estrogens, which increase NO syn-
thase expression, and testosterone, crucial for penile 
structural integrity9. However, very high serum concen-
trations of estrogens are associated with erectile dys-
function (ED), which could be attributed to a decrease 
in gonadotropins due to negative feedback in the axis10. 
Testosterone deficiency, on the other hand, can impact 
NO-mediated muscle relaxation, apoptosis of smooth 
muscle cells, formation of adipose tissue deposits 
associated with fibrosis of the cavernous bodies, and 
damage to the integrity and functionality of the endo-
thelium11, all of which would ultimately alter erectile 
function.

Likewise, libido can be influenced by psychological, 
physical, and endocrinological factors. The medial pre-
optic area of the hypothalamus is central to its process-
ing, with testosterone playing a vital role10. In severely 
hypogonadal men, a 6-month exogenous testosterone 
treatment increased libido and nocturnal erections12. 
While testosterone treatment in eugonadal men raised 
self-reported libido despite no changes in the frequency 
of sexual activities, hypogonadal patients experienced 
a significant increase in sexual activities13. Furthermore, 
exogenous estradiol impacts male libido differently 
based on testosterone levels. When testosterone is low, 
exogenous administration of estradiol can increase 
libido14. A  study involving 202  male subjects showed 
that suppression of endogenous androgen production 
led to decreased libido and erectile function, revealing 
that estradiol concentrations greater than 10  pg/mL 
help maintain libido, indicating a preference for aroma-
tizable androgens in hypogonadal men15. However, the 
effect of estradiol supplementation on sexual function 
in eugonadal men remains inconclusive14.

This study aims to determine the association between 
the estradiol-to-testosterone (E/T) ratio and male sex-
ual dysfunction (SD), to highlight its importance and the 
potential consequences of its alteration on male sexual 
function.
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Materials and methods

This is a case–control study, defining cases as adults 
with hypoactive sexual desire, with or without SD. 
Sample size determination: 1:1 ratio, with a total of 
32 patients. Exposure parameters: frequency of expo-
sure among cases 0.14; frequency of exposure among 
controls 0.60; odds ratio to detect 2.00; confidence 
level 0.95; power 0.80. Subjects were male patients 
over 18 years old with hypoactive sexual desire or ED 
with chronic non-communicable diseases (NCD). 
Patients undergoing hormonal treatment, users of ana-
bolic steroids or androgen receptor modulators, with 
chronic liver pathology, or using psychotropic drugs 
were excluded.

Data are presented with descriptive and inferential 
analysis, mean differences were calculated and asso-
ciations between variables determined. Establishing 
the odds ratio (OR) for low or normal T values (refer-
ence value 3.46  ng/mL16). Testosterone values were 
adjusted for age. LH was classified as normal or inap-
propriately normal. A  subanalysis was performed 
according to the presence of hypogonadotropic hypo-
gonadism (HH). Mean differences between groups 
were analyzed for E/T ratio, testosterone, and estradiol. 
A  correlation analysis was generated between estra-
diol, testosterone, and E/T ratio values and BMI. A cor-
relation between E/T ratio and sexual steroid values 
were included in the study. Finally, the usefulness of 
E/T ratio measurement in the evaluation of SD (ED and 
hypoactive sexual desire) and HH was analyzed using 
ROC curves and likelihood ratio (LR) analysis. Statistical 
significance was considered at p < 0.05. IBM SPSS 
Software 2019 was used for this analysis.

Data collection techniques

Hormonal determinations were performed after blood 
extraction. The electrochemiluminescence method was 
used for estradiol, FSH, LH, total testosterone, and 
prolactin. The latter was obtained from a pool of three 
samples, obtained at intervals of 20  min. The IIEF 
(International Index of Erectile Function)17 questionnaire 
was used to assess the condition of ED.

Results

Table 1 presents the descriptive data of the subjects. 
There is a difference in age distribution between the 
groups, with mean age being higher in the cases group. 

The lower IIEF score is observed in the cases group, 
which was a selection criterion.

For the normality tests, a significance value of the 
test above 0.05 rejects the hypothesis of a non-normal 
distribution of the variable and accepts the null hypoth-
esis of a normal distribution. The Shapiro–Wilk test was 
used for small sample sizes. The hypothesis of a nor-
mal distribution was rejected for the variables estradiol/
testosterone ratio (E/T ratio), testosterone, and LH with 
a p < 0.005, therefore the difference between cases 
and controls was evaluated using non-parametric Mann 
U tests. The F-test variances were similar for both vari-
ables between the cases versus control subgroups 
(p > 0.05).

OR and LR were established for testosterone and 
E/T ratio variables in relation to the cases and control 
subgroups. The relationship between the subjects’ 
baseline conditions with the presence or absence of 
alteration in IIEF in the ED and libido dimensions was 
established (Table  2). No association was found 
between smoking status and HTN with ED or changes 
in libido. A significant LR of 6.58 was observed for DM.

The non-parametric test analysis revealed a signifi-
cant difference in testosterone levels between cases 
and controls. There is no significant difference between 
estradiol or E/T ratio (Table 3).

Subgroups of low and normal testosterone and nor-
mal and inappropriately normal LH were established 
(Fig. 1). A significant OR of 13 was found for low tes-
tosterone and inappropriately normal LH variables, and 
a high and significant LR was found for both variables. 
An OR of 5 was found for testosterone adjusted for age.

The categories of normal LH and inappropriately nor-
mal LH were analyzed, observing a significant differ-
ence E/T ratio and testosterone adjusted for age 
(Table 4).

ROC curves were generated to analyze the effective-
ness of E/T measurement in the diagnosis of HH, and 
as a parameter for evaluating SD (Fig. 2). A cutoff point 
of 5.98 for the E/T ratio was used, which approximates 
to 6, with a sensitivity of 0.85 and a specificity of 0.79.

Discussion

Table  1 shows a higher average age in the case 
group, consistent with the established link between age 
and SD prevalence18. The origin of organic ED can be 
classified into two groups: endocrine and non-endocrine, 
with the latter including NCDs, mainly cardiovascular 
risk factors. In our population, although there is a higher 
prevalence of DM and HTN in the case group, it is not 
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Table 1. Subjects descriptive data

Controls Cases

Mean ± SD Range Mean ± SD Range

Age 38 ± 16 19‑77 52 ± 12 30‑73

T 4,97 ± 3,14 2,15‑13,56 3,87 ± 3,55 1,01‑12,37

corrected T 5,56 ± 3,22 2,16‑13,98 5,05 ± 4,74 1,48‑16,56

E/T Ratio 5,41 ± 3,51 0,50‑14,8 8,04 ± 6,44 1,40‑27,70

E2 20,28 ± 8,51 5,27‑34,3 18,85 ± 6,96 7,30‑30,96

FSH 5,38 ± 4,13 1,52‑13,5 4,32 ± 2,65 1,42‑10,8

LH 4,71 ± 2,88 1,99‑11,78 3,30 ± 1,46 1,02‑5,53

IIEF ED 19 ± 2 17‑24 12 ± 6 4‑21

IIEF Libido 8 ± 1 7‑10 5 ± 3 2‑8

BMI 29,26 ± 6,24 20,37‑41,80 29,01 ± 4,66 22,86‑42,39

SD: standard deviation; IIEF ED: IIEF erectile dysfunction dimension; IIEF libido: IIEF sexual desire dimension; T: testosterone; E2: estradiol; FSH: follicle stimulating 
hormone; LH: luteinizing hormone; BMI: body mass index.

Table 2. Base conditions OR and LR

 OR CI 95% p LR p

Smoker 0,467 0,04‑5,73 0,256 0,37 0,541

HBP 4,2 0,70‑25,26 0,418 2,76 0,96

DM 11,67 1,23‑110 0,125 6,58 0,037

HPB: high blood pressure, DM: diabetes mellitus.

statistically significant in the context of NCDs in the 
population. These findings partially resemble those of 
Dunajska et al., who observed low hormone levels and 
metabolic syndrome in men with arteriosclerosis19. Our 
study did not find significant differences in hormone 
values, likely due to similar NCD prevalence between 
the groups.

LR for smoking in this population does not show an 
association with SD possibly due to the sample size. 
Larger studies are suggested for confirmation. DM is a 
significant risk factor for SD with a statistically signifi-
cant LR value over 6 (Table  5), in line with Carrillo’s 
study that found an OR of 2.71 (95% CI 1.57-4.66) and 
suggested ED diagnosis preceded DM diagnosis20.

HTN shows no significant association with cases. 
However, there is a clear association between HTN and 
HH, with an LR of 19, possibly due to changes in 
gonadal vascularity causing hypoperfusion, and further 
evaluation through Doppler ultrasound is suggested.

Figure 1. Low and inappropriately normal LH vs 
estradiol‑to‑testosterone ratio.

Significant associations between SD and testoster-
one were observed, with an OR of 13  (2.39-70.4) 
p = 0.003. The positive association remains after 
adjusting for age with an OR of 5  (1.1-22.8) p = 0.04 
(Table  5). However, only adjusted testosterone levels 
show statistical significance in the mean difference 
analysis (Table 3), while E/T and E2 do not.

Castello conducted a prospective study of 230 patients 
to evaluate the gonadal profile and IIEF questionnaire 
for libido. The mean age was 66.32 ± 8.17 years, with 
46.5% experiencing decreased libido. They observed 
a positive linear association between age and free and 
bioavailable testosterone with ED and increased libido. 
Age was the only independent variable for both ED and 
libido. No association was found between E/T imbal-
ance and SD21, which agrees with the present study 
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Table 3. Evaluation of the differences in mean

Controls Cases p

Mean ± SD IC 95% Mean ± SD CI 95%

T 4,97 ± 3,14 3,29‑6,64 3,87 ± 3,55 1,97‑5,76 *0.02

Tc 5,56 ± 3,22 3,38‑7,27 5,05 ± 4,74 2,52‑7,57 0,09

Estradiol 20,28 ± 8,51 15,74‑24,82 18,85 ± 6,96 15,14‑22,55 0,64

Ratio E/T 5,42 ± 3,51 3,53‑7,28 8,04 ± 6,44 4,61‑11,47 0,20

T: testosterone; Tc: testosterone corrected for age; E/T Ratio: estradiol/testosterone Ratio; SD: standard deviation.

Table 4. Hormonal levels comparison according to LH 
response

LHin Normal LH

Mean Mean

E/T Ratio 9,72 4,69

Tc (ng/dL) 2.09 6,01

LH: luteinizing hormone; E/T Ratio: estradiol/testosterone ratio; Tc: testosterone 
corrected for age.

Table 5. Association between testosterone levels and 
sexual dysfunction

 Cases Controls OR CI 95%

Low T 81.3% 25% 13 2.39‑70.4

Low corrected T 62.5% 25% 5 1.1 – 22.8

LH in 81.3% 25% 13 2.39‑70.4

T: testosterone; Tc: testosterone corrected for age; LH in: luteinizing hormone 
inappropriately normal.

and validates the evaluation of testosterone in SD. 
Similarly, Wu found a higher E/T ratio in subjects with 
SD compared to the control group in a case–control 
study of 878  patients in China, with a significantly 
higher proportion of ED compared to premature 
ejaculation22.

When reviewing the result of the sub-analysis of the 
relationship between sexual steroid levels and the nor-
mal or inappropriately normal LH response, a signifi-
cant and strong difference is found between the average 
values of the ET ratio (9.72 ± 6.53  vs. 4.68 ± 3.34 
p = 0.002) and T adjusted for age (2.62 ± 0.61  vs. 
7.14 ± 4.3 p < 0.001), according to the LH response 
(Table 6), with no significant difference observed in E2. 

The results suggest that measuring the E/T ratio is 
useful for studying the inappropriate LH response with 
an LR of 13.51, p < 0.001 (Table 7).

Regarding ED severity, a study on 52 patients exam-
ined the association between E/T ratio and ED severity, 
finding that an increase in E/T ratio was linked to a 
decrease in erection duration. After adjusting for con-
founding variables, they found that every unit increase 
in E/T ratio reduced the duration of penile root erection 
by 4.34 min23. In a study with a similar aim, El-Sakka 
found a significant association between ED severity 
and hormone levels. Patients with low T levels and 
elevated E2 levels had lower IIEF scores in the erectile 
function dimension24. Although this association was not 
evaluated in the present study, it arises as a recom-
mendation for future research.

Studies have found associations between the E/T 
ratio and anthropometric parameters. In a 2013 study 
of 821 men aged 30-79 years, longitudinal analysis did 
not show significant associations between baseline 
hormone levels and changes in anthropometric mea-
surements over time. The results imply that adiposity 
has a greater impact on hormone levels than the con-
trary, as no correlation was observed between baseline 
hormone levels and changes in BMI or other measure-
ments during the 4.8-year follow-up period25. Fejes 
investigated the effect of BMI on hormone and semen 
profiles of subfertile men with oligospermia. Sperm 
concentration and reproductive hormone levels were 
compared between groups divided by BMI. The E/T 
ratio was significantly reduced in the high BMI group 
when compared to the normal BMI (17.4 vs. 12.3; p < 0.05), 
as was sperm concentration26. Similarly, Wu et al. 
found an inverse association between the E/T ratio and 
change in fat mass during a 5-year follow-up of 
Australian adults27, while Baydilli et al. reported a neg-
ative correlation between total testosterone and E/T 
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Table 6. Differences in mean according to LH response

LHin Normal LH p

Mean CI 95% Mean CI 95%

Corrected T 2.62 ± 0.61 2.25‑2.98 7.14 ± 4.3 5.07‑9.21 < 0.001

E2 18.43 ± 7.65 13.8‑23.05 20.34 ± 7.81 16.57‑24.1 0.5

Ratio E/T 9.72 ± 6.53 5.94 ± 13.48 4.68 ± 3.34 3.07‑6.29 0.002

E2: estradiol; E/T Ratio: estradiol/testosterone ratio; LHin: inappropriately normal luteinizing hormone; LH: luteinizing hormone.

Table 7. E/T Ratio OR and LR according to LH response

 LHin Normal LH OR CI 95% p LR p

High E/T ratio 84.60% 21.10% 20.62 3.18‑133.44 0.014 13.51 < 0.001

E/T Ratio: estradiol/testosterone ratio; LHin: inappropriately normal luteinizing hormone; LH: luteinizing hormone.

ratio with BMI28. Our study found no significant linear 
correlation between BMI and hormonal variables.

Iacono studied 47  patients with ED using the IIEF 
score and Rigiscan® evaluating total testosterone, free 
testosterone, and cavernous body biopsy: a significant 
difference was found in age, collagen fiber percentage, 
and testosterone levels between patients with positive 
Rigiscan (PR) and negative Rigiscan (NR). 
Hypogonadism increased the risk of ED with OR: 15.5, 
95% CI: 13.4-17.6. in elderly patients29. The present 
study shows a similar association with OR: 13 (2.39-70.4) 
p: 0.003 for T and OR: 5 (1.1-22.8) p: 0.04 for T adjusted 
for age. Iacono also analyzes the usefulness of 

testosterone in the evaluation of ED with an ROC curve 
showing an area under the curve (AUC) of 0.9129. In 
the present study, the ROC curve (Fig. 3), with an AUC 
of 0.82, favors the evaluation with the E/T ratio in HH 
and 0.63 (Fig. 2), for the study of the E/T ratio in ED 
although similar results have not been found in the 
literature.

Conclusion

A statistically significant difference was found in tes-
tosterone values in SD, but beyond that, the utility of 
the test is established by a significant LR, increasing 
pre-test probability. The E/T ratio becomes relevant 
with a favorable ROC curve and significant LR in 
late-onset HH. The ROC curve serves as a perfor-
mance indicator for the test, and the LR acts as a sup-
portive factor for pre-test probability analysis and 

Figure 2. ROC curve.

Figure 3. Low and inappropriately normal LH vs 
testosterone adjusted for age.
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positive predictive value. Measuring estradiol in the 
initial approach would not be advisable, it should be 
done if testosterone falls below the reference value of 
3.5 ng/mL adjusted for age. Studies evaluating the E/T 
ratio across different age groups are needed to estab-
lish cutoff points. Controlled clinical trials for patients 
with HH secondary to elevated E/T ratio are justified 
as well as evaluating possible pharmacological 
interventions.

Funding

The authors declare that they have not received 
funding.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed 
on humans or animals for this study.

Confidentiality of data. The authors declare that 
they have followed the protocols of their work center on 
the publication of patient data.

Right to privacy and informed consent. The 
authors have obtained approval from the Ethics 
Committee for analysis and publication of routinely 
acquired clinical data and informed consent was not 
required for this retrospective observational study.

Use of artificial intelligence for generating text. 
The authors declare that they have not used any type 
of generative artificial intelligence for the writing of this 
manuscript nor for the creation of images, graphics, 
tables, or their corresponding captions.

References
 1. O’Donnell L, Stanton P, de Kretser DM. Endocrinology of the male repro-

ductive system and spermatogenesis. In: Feingold KR, Anawalt B, 
Boyce A, Chrousos G, de Herder WW, Dhatariya K, et al., editors. 
Endotext. South Dartmouth, MA: MDText.com, Inc.; 2000. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK279031 [Last accessed on 
2022 Sep 09].

 2. Carreau S, Lambard S, Delalande C, Denis-Galeraud I, Bilinska B, Bour-
guiba S. Aromatase expression and role of estrogens in male gonad : a 
review. Reprod Biol Endocrinol. 2003;1:35.

 3. Trevisan CM, Montagna E, de Oliveira R, Christofolini DM, Barbosa CP, 
Crandall KA, et al. Kisspeptin/GPR54 system: what do we know about its 
role in human reproduction? Cell Physiol Biochem. 2018;49:1259-76.

 4. Klein CE. The Hypothalamic-Pituitary-Gonadal Axis. Holl-Frei Cancer 
Medicine. 6th  ed; 2003. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK13386 [Last accessed on 2022 Sep 09].

 5. Skorupskaite K, George JT, Anderson RA. The kisspeptin-GnRH pathway 
in human reproductive health and disease. Hum Reprod Update. 
2014;20:485-500.

 6. Allen E, Doisy EA. Landmark article Sept 8, 1923. An ovarian hormone. 
Preliminary report on its localization, extraction and partial purification, 
and action in test animals. By Edgar Allen and Edward A. Doisy. JAMA. 
1983;250:2681-3.

 7. Robertson KM, Simpson ER, Lacham-Kaplan O, Jones ME. Characteri-
zation of the fertility of male aromatase knockout mice. J  Androl. 
2001;22:825-30.

 8. Castela A, Vendeira P, Costa C. Testosterone, endothelial health, and 
erectile function. ISRN Endocrinol. 2011;2011:839149.

 9. Hammes SR, Levin ER. Impact of estrogens in males and androgens in 
females. J Clin Invest. 2019;129:1818-26.

 10. Male Sexual Behavior during Aging  -  ScienceDirect. Available from: 
h t t p s : / / w w w . s c i e n c e d i r e c t . c o m / s c i e n c e / a r t i c l e / p i i /
B9780123518309500536 [Last accessed on 2022 Sep 09].

 11. Testosterone-Induced Modulation of Nitric Oxide-cGMP Signaling 
Pathway and Androgenesis in the Rat Leydig Cells. Biology of Reproduc-
tion. Oxford Academic. Available from: https://academic.oup.com/biolre-
prod/article/83/3/434/2530124 [Last accessed on 2022 Sep 09].

 12. Burris AS, Banks SM, Carter CS, Davidson JM, Sherins RJ. A long-term, 
prospective study of the physiologic and behavioral effects of hormone 
replacement in untreated hypogonadal men. J Androl. 1992;13:297-304.

 13. Anderson RA, Bancroft J, Wu FC. The effects of exogenous testosterone 
on sexuality and mood of normal men. J  Clin Endocrinol Metab. 
1992;75:1503-7.

 14. Schulster M, Bernie AM, Ramasamy R. The role of estradiol in male 
reproductive function. Asian J Androl. 2016;18:435-40.

 15. Gonadal Steroids and Body Composition, Strength, and Sexual Function 
in Men. NEJM. Available from: https://www.nejm.org/doi/full/10.1056/nej-
moa1206168 [Last accessed on 2022 Sep 09].

 16. Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn JD, et al. Identi-
fication of late-onset hypogonadism in middle-aged and elderly men. 
N Engl J Med. 2010;363:123-35.

 17. Rosen RC, Cappelleri JC, Gendrano N. The international index of erectile 
function (IIEF): a state-of-the-science review. Int J Impot Res. 2002;14:226-44.

 18. Zirkin BR, Tenover JL. Aging and declining testosterone: past, present, 
and hopes for the future. J Androl. 2012;33:1111-8.

 19. Dunajska K, Milewicz A, Szymczak J, Jêdrzejuk D, Kuliczkowski W, 
Salomon P, et al. Evaluation of sex hormone levels and some metabolic 
factors in men with coronary atherosclerosis. Aging Male. 2004;7:197-204.

 20. Carrillo-Larco RM, Luza-Dueñas AC, Urdániga-Hung M, Bernabé-Ortiz A. 
Diagnosis of erectile dysfunction can be used to improve screening for 
type 2 diabetes mellitus. Diabet Med. 2018;35:1538-43.

 21. Castelló-Porcar AM, Martínez-Jabaloyas JM. Testosterone/estradiol ratio, 
is it useful in the diagnosis of erectile dysfunction and low sexual desire? 
Aging Male. 2016;19:254-8.

 22. 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. Andro-
logy. 2016;4:932-8.

 23. Relationship between Penile Erection and the Ratio of Estradiol to Tes-
tosterone: A Retrospective Study - Pan - 2020 - Andrologia - Wiley Online 
Library. Available from: https://onlinelibrary.wiley.com/doi/full/10.1111/
and.13701 [Last accessed on 2022 Sep 09].

 24. El-Sakka AI. Impact of the association between elevated oestradiol and 
low testosterone levels on erectile dysfunction severity. Asian J Androl. 
2013;15:492-6.

 25. Gates MA, Mekary RA, Chiu GR, Ding EL, Wittert GA, Araujo AB. Sex 
steroid hormone levels and body composition in men. J Clin Endocrinol 
Metab. 2013;98:2442-50.

 26. Fejes I, Koloszár S, Závaczki Z, Daru J, Szöllösi J, Pál A. Effect of body 
weight on testosterone/estradiol ratio in oligozoospermic patients. Arch 
Androl. 2006;52:97-102.

 27. Wu A, Shi Z, Martin S, Vincent A, Heilbronn L, Wittert G. Age-related 
changes in estradiol and longitudinal associations with fat mass in men. 
PLoS One. 2018;13:e0201912.

 28. Baydilli N, Selvi İ, Akınsal EC, Zararsız GE, Ekmekçioğlu O. How does 
body mass index affect semen parameters and reproductive hormones 
in infertile males? Turk J Urol. 2020;46:101-7.

 29. Iacono F, Prezioso D, Ruffo A, Illiano E, Romis L, Di Lauro G, et al. 
Testosterone deficiency causes penile fibrosis and organic erectile dys-
function in aging men. Evaluating association among Age, TDS and ED. 
BMC Surg. 2012;12 Suppl 1:S24.


