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Major clinical studies on the relationship between testosterone levels and
aging in men: a systematic review
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Abstract
Introduction: After 30 years of age, testosterone
levels decline at a rate of 1-2% per year, which
correlates with an increased incidence of late-onset
hypogonadism diagnosed in middle-aged and elderly
men. Testosterone replacement therapy (TRT) is
emerging as a promising solution for aging-related
problems. Objective: This study aimed to present the
main clinical studies on the relationship between
testosterone levels and aging in men, as well as an
analysis of the reduction in physical and metabolic
comorbidities. Methods: The systematic review rules of
the PRISMA Platform were followed. The search was
conducted from August to September 2024 in the
Scopus, PubMed, Science Direct, Scielo, and Google
Scholar databases. The quality of the studies was based
on the GRADE instrument, and the risk of bias was
analyzed according to the Cochrane instrument.
Results and Conclusion: A total of 86 articles were
found. A total of 23 articles were fully evaluated, and 11
were included and developed in the present systematic
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review study. Considering the Cochrane tool for risk of
bias, the overall assessment resulted in 23 studies with
a high risk of bias and 21 studies that did not meet
GRADE and AMSTAR-2. Most studies showed
homogeneity in their results, with X?=77.4%>50%. It
was concluded that in the setting of aging in men, late-
onset hypogonadism is the clinical entity characterized
by low testosterone concentrations associated with
clinical symptoms in the absence of organic disease in
elderly men. It has been associated with metabolic
syndrome, reduced bone mineral density, and increased
risk of cardiovascular morbidity and mortality. Although
testosterone replacement therapy reverses most of
these conditions in young hypogonadal men, the
risk/benefit ratio of testosterone replacement therapy in
older men is debatable. In middle-aged and older men
with hypogonadism and low libido, testosterone
replacement therapy for 2 years improved sexual
activity, hypogonadal symptoms, and sexual desire, but
not erectile function. Furthermore, men with low
testosterone, elevated luteinizing hormone, or deficient
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estradiol concentrations had increased all-cause
mortality. Testosterone treatment aimed at achieving
physiological concentrations in middle-aged and older
men may improve lean body mass, while exercise
training improves lean body mass, aerobic fitness, and
strength.

Keywords: Aging. Men. Testosterone. Hormone
replacement.
Introduction

Testosterone is an important hormone in

maintaining male physiological function. After the age of
30, testosterone levels decline at a rate of 1-2% per
year, which correlates with an increased incidence of
late-onset hypogonadism diagnosed in middle-aged and
elderly men [1]. Previous studies have demonstrated
links between testosterone deficiency (TD) and age-
related comorbidities. As a result, testosterone
replacement therapy (TRT) is emerging as a promising
solution for aging-related problems [2,3].

Although TRT is widely studied and used to manage
late-onset hypogonadism, there is a lack of data from
Asian countries that account for 60% of the global
population, particularly in lower-middle-income nations.
As the aging process of populations in Asia accelerates,
the management of TD in elderly men will become a
burden on the healthcare system, resulting in a
considerable number of undiagnosed and uncontrolled
cases [1].

In this context, the natural relationship between
testosterone and sexual functions is well established and
has been observed in patients undergoing androgen
deprivation therapy (ADT) using luteinizing hormone-
releasing hormone (LHRH) agonists, gonadotropin-
releasing hormone (GnRH) agonists and antagonists, or
competitive androgen receptor (AR) antagonists [4,5].
Reducing testosterone levels within the therapeutic
threshold for ADT to less than 50 ng/dL (1.7 nmol/L) or
even below 20 ng/dL (1 nmol/L) may increase the risks
of erectile dysfunction and reduced libido by threefold
and fivefold to sixfold, respectively [5].

In addition, other aspects of sexuality are also
affected immediately after ADT, such as nocturnal
erection, sexual motivation, and orgasms [4,6]. Similar
situations have been found in cases of
hypogonadotropic/hypogonadotropic hypogonadal men
[6]. The prevalence of all types of sexual dysfunctions
increases significantly during the aging process [1,2]
due to the gradual decline of androgens and their
metabolites after age 40, as well as the increasing
prevalence of other relevant comorbidities, including
diabetes and other endocrine disorders, metabolic
conditions, and cardiovascular disease (CVD) [7,8].

Furthermore, sexual dysfunctions are often the first
signs of TD in older men. In this regard, decreased
frequencies of morning erection and sexual thoughts are
closely associated with reduced testosterone in men
over 40 years of age. The prevalence of disorders
related to sexual desire and erectile dysfunction begins
to increase when the total testosterone level decreases
below 15 nmol/L and 8 nmol/L, respectively.
Interestingly, men with <10.4 nmol/L total testosterone
and <225 pmol/L calculated free testosterone have a
significantly higher risk of decreased morning erections,
erectile dysfunction, and low desire, regardless of age
[1-3].

Despite this, the direct pathophysiology of
testosterone deficiency on sexual function and
behaviors has not yet been fully understood. In the
brain, testosterone modulates and upregulates the
activities of some functional regions related to sexual
responses [5,6]. Testosterone plays a role in all
components of sexual arousal that are associated with
respective brain regions, including the temporooccipital,
superior parietal, and orbitofrontal cortices, which
involve the perceptual-cognitive component of sexual
arousal; the cingulate gyrus, inferior frontal regions, and
supplementary motor area, which correlate with
motivational aspects of sexual behavior; and the insula,
anterior cingulate cortex, and claustrum, which control
autonomic responses to sexual stimuli. Thus,
testosterone deficiency can affect sexual thinking,
motivation, and desire [3,9].

Given this, the present systematic review study
presented the main clinical studies on the relationship
between testosterone levels and male aging, as well as
an analysis of the reduction in physical and metabolic
comorbidities.

Methods
Study Design

This study followed the international systematic
review model, following the PRISMA (preferred
reporting items for systematic reviews and meta-
analysis) rules. Available at: http://www.prisma-
statement.org/?AspxAutoDetectCookieSupport=1.
Accessed on: 09/28/2024. The AMSTAR-2 (Assessing
the methodological quality of systematic reviews)
methodological quality standards were also followed.
Available at: https://amstar.ca/. Accessed on:
09/28/2024.

Data Sources and Search Strategy

The literature search process was carried out from
September to October 2024 and developed based on
Scopus, PubMed, Lilacs, Ebsco, Scielo, and Google
Scholar, covering scientific articles from various periods
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to the present day. The following descriptors (DeCS
/MeSH Terms) were used: “Aging. Men. Testosterone.
Hormone replacement”, and using the Boolean "and"
between MeSH Terms and "or" between historical
findings.

Study Quality and Risk of Bias

Quality was classified as high, moderate, low, or
very low regarding the risk of bias, clarity of
comparisons, precision, and consistency of analyses.
The most evident emphasis was on systematic review
articles or meta-analyses of randomized clinical trials,
followed by randomized clinical trials. Low quality of
evidence was attributed to case reports, editorials, and
brief communications, according to the GRADE
instrument. The risk of bias was analyzed according to
the Cochrane instrument by analyzing the Funnel Plot
graph (Sample size versus Effect size), using Cohen's d
test.

Results and Discussion
Summary of Findings

A total of 86 articles were found that were
submitted to eligibility analysis, and 11 final studies
were selected to compose the results of this systematic
review. The studies listed were of medium to high
quality (Figure 1), considering the level of scientific
evidence of studies such as meta-analysis, consensus,
randomized clinical, prospective, and observational.
Biases did not compromise the scientific basis of the
studies. According to the GRADE instrument, most
studies presented homogeneity in their results, with
X?=77.4%>50%. Considering the Cochrane tool for risk
of bias, the overall assessment resulted in 23 studies
with a high risk of bias and 21 studies that did not meet
GRADE and AMSTAR-2.

Figure 1. Flowchart showing the article selection
process.
PubMed (n=71) Other Databases (n = 15)
+ Total=86

+ Findings after removing duplicate articles (n=67)

Excluded articles (did
not meet GRADE and
AMSTAR 2) (n=21)

Articles Analysed
(n=67)

Selected articles

(n=46) Excluded articles (high

risk of BIAS (n=23)

Excluded articles (did
not meet objective)
(n=12)

Articles in qualitative
analysis (n=23)

Articles included in the systematic review (n=11)

Source: Own authorship.

International Journal of Nutrology (2025)

Figure 2 presents the results of the risk of bias of
the studies using the Funnel Plot, showing the
calculation of the Effect Size (Magnitude of the
difference) using Cohen's Test (d). Precision (sample
size) was determined indirectly by the inverse of the
standard error (1/Standard Error). This graph had a
symmetrical behavior, not suggesting a significant risk
of bias, both among studies with small sample sizes
(lower precision) that are shown at the bottom of the
graph and in studies with large sample sizes that are
shown at the top.

Figure 2. The symmetrical funnel plot does not suggest
a risk of bias among the studies with small sample sizes
that are shown at the bottom of the graph. Studies with
high confidence and high recommendation are shown
above the graph (n=11 studies).

9 |

1/standard error

No Bias

Symmetrical Studies

-0.15 -0.10 -0.05 0.00 0.05 0.10
Effect Size - Cohen Test

Source: Own authorship.

Main Clinical Approaches and Results

After exploring the clinical literature, it has become
clear that hypogonadism is associated with a wide range
of physical and psychological symptoms that can affect
men’s overall health [1-3]. A 2023 review study [10]
examined the potential benefits and risks of
testosterone replacement therapy (TRT). Testosterone
replacement therapy is an effective treatment for
hypogonadism, particularly in symptomatic men with
low testosterone levels, offering potential benefits such
as improvements in symptoms and overall quality of life.
However, there are associated risks and side effects that
need to be considered.

Sharma et al. (2023) [11] assessed the association
between sleep duration, sleep quality, and frailty, and
determined whether testosterone influenced this
association. Men aged 40-79 years were recruited from
eight European sites for the European Male Ageing
Study (EMAS) and completed a questionnaire. Sleep
quality was scored from 0 to 20 and categorized as 0 to
4, 5t0 9, 10 to 14, and 15 to 20, with higher scores
indicating poorer quality. A 39-component frailty index
(FI) was constructed. A total of 2393 participants
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contributed data to the analysis. The mean age was 63.3
years, and the mean sleep duration was 7.01 h. The
mean frailty index was 0.15. Mean testosterone levels
decreased with decreasing sleep quality. After
adjustment, compared with those with a sleep score of
0-4, the FI was 57% (95% CI 38%, 78%) higher among
those with a sleep score of 15-20. After adjustment,
compared with those with normal sleep duration (6-9
h), those with short (<6 h) and long (29 h) sleep
duration had a 16% (95% CI 6%, 28%) and 11% (95%
CI 0%, 23%) higher FI, respectively. Frailty is
associated with impaired sleep quality and duration.

Also, published in 2024 [12], the Testosterone
Replacement Therapy for Assessment of Long-term
Vascular Events and Effectiveness ResponSE in
hypogonadal men (TRAVERSE) study evaluated the
effect of TRT on major adverse cardiovascular events in
middle-aged and older men with hypogonadism. The
Sexual Function Study, in the original trial, determined
the efficacy of testosterone in improving sexual activity,
hypogonadal symptoms, libido, and erectile function
among men who reported low libido. A total of 5204
men, 45-80 years, with 2 testosterone concentrations
<300 ng/dL, hypogonadal symptoms, and
cardiovascular disease (CVD) or increased CVD risk were
enrolled in the TRAVERSE study; 1161 with low libido
were enrolled in the Sexual Function Study (587
randomized to receive 1.62% testosterone gel and 574
to placebo gel for the duration of their study
participation). TRT was associated with significantly
greater improvement in sexual activity than placebo.
TRT improved hypogonadal symptoms and sexual
desire, but not erectile function, compared with placebo.
Thus, in middle-aged and older men with hypogonadism
and low libido, TRT for 2 years improved sexual activity,
hypogonadal symptoms, and sexual desire, but not
erectile function.

A recent meta-analysis study by Yeap et al. (2024)
[13] clarified the associations of sex hormones with
cardiovascular disease (CVD) outcomes. The
independent variables were testosterone, sex hormone-
binding globulin (SHBG), luteinizing hormone (LH),
dihydrotestosterone (DHT), and estradiol
concentrations. The primary outcomes were all-cause
mortality, CVD death, and incident CVD events. Nine
studies provided individual participant data (IPD)
(255,830 participant-years). Eleven studies provided
summary estimates (n=24,109). Two-stage Random-
effects IPD meta-analyses found that men with baseline
testosterone concentrations below 7.4 nmol/L (<213
ng/dL), LH concentrations above 10 IU/L, or estradiol
concentrations below 5.1 pmol/L had higher all-cause
mortality, and those with testosterone concentrations
below 5.3 nmol/L (<153 ng/dL) had higher risk of CVD

mortality. Lower SHBG concentrations were associated
with lower all-cause mortality and lower CVD mortality.
Men with lower baseline DHT concentrations had a
higher risk of all-cause mortality and CVD mortality, and
the risk also increased with DHT concentrations above
2.45 nmol/L. Men with DHT concentrations below 0.59
nmol/L had an increased risk for incident CVD events.
Therefore, men with low testosterone, high LH, or very
low estradiol concentrations had increased all-cause
mortality. SHBG concentration was positively associated
and DHT concentration was non-linearly associated with
all-cause mortality and CVD.

Authors Kanakis et al. (2023) [14] updated the
2015 EMAS statement on TRT in older men with new
research on late-onset hypogonadism and TRT through
an expert consensus and literature review. Thus, TRT
should only be offered to symptomatic older men with
confirmed low testosterone concentrations after
accounting for uncertainties regarding the long-term
safety of this treatment. TRT can be offered to men with
severe hypogonadism and erectile dysfunction to
improve sexual desire and erectile and orgasmic
function. It should also be considered in hypogonadal
men with severe insulin resistance or prediabetes
mellitus. TRT can also be considered, in combination
with proven treatment strategies, for osteoporosis, or
selected patients with persistent mild depressive
symptoms and/or low self-perceived quality of life,
combined with standard medical care for each condition.
TRT is contraindicated in hypogonadal men actively
seeking fertility treatment. Due to a lack of data, TRT
should not be used routinely in older men to improve
exercise capacity/physical function, improve cognitive
function, or prevent cognitive decline. TRT should be
avoided in older, frail men with known breast cancer or
untreated prostate cancer all men who have had a
myocardial infarction or stroke within the past four
months, and those with severe or decompensated heart
failure. In addition, short-acting transdermal
preparations should be preferred for initiation of TRT in
older men, but injectable forms may be considered later.
Older men on TRT should be monitored at 3, 6, and 12
months after initiation and at least annually thereafter,
or earlier and more frequently if indicated. Obese and
overweight patients should be encouraged to undergo
lifestyle maodifications, including exercise and weight
loss, to increase endogenous testosterone.

In addition, Klotho is an anti-aging protein involved
in a multitude of biological processes required for
healthy aging and offers protection against adverse
events such as cardiovascular disease, inflammation,
and several types of cancer. Emerging evidence
suggests that klotho is also an important component of
biochemical pathways that regulate hormonal balance,
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which may include pathways governing testosterone
production and male sexual health. One study recruited
767 men to quantify the association between serum
klotho levels and serum testosterone levels, as well as
clinical markers of male sexual health (e.g.,
testosterone/estrogen ratio, bioavailable testosterone,
and free testosterone). A positive association was
observed between serum klotho and testosterone.
Serum klotho levels were also stratified into quartiles,
and statistically significant increases in testosterone
were observed for increasing quartile klotho levels using
the first quartile as the reference group. The mean
testosterone values by klotho quartiles were 306.9
ng/dL, 390 ng/dL, 409.3 ng/dL, and 436.6 ng/dL,
respectively. Furthermore, C-reactive protein was
inversely associated with testosterone in men and
inversely associated with klotho quartiles [15].

Authors Tran et al. (2024) [16] analyzed that the
cardiovascular safety study of testosterone in men with
cardiovascular risk factors or disease found no
difference in the rates of major adverse cardiovascular
events (MACE) or death, but observed more atrial
fibrillation (AF) events in men treated with testosterone.
Therefore, these authors investigated the relationship
between endogenous testosterone concentrations and
the risk of developing AF in healthy elderly men. A
posthoc analysis of 4570 male participants in the Aspirin
in Reducing Events in the Elderly (ASPREE) study was
performed. Men were aged 270 years and had no
history of cardiovascular disease (including AF), thyroid
disease, prostate cancer, dementia, or life-threatening
illnesses. The median age was 73.7 (71.6-77.1) years
and the median follow-up was 4.4 (3.3-5.5) years,
during which 286 men developed AF (15.3 per 1000
participant-years). Baseline testosterone was higher in
men who developed incident AF compared with men
who did not.

Finally, studies are showing that testosterone
therapy can reverse the detrimental impacts of aging.
Accordingly, testosterone prescription has increased in
recent decades. Middle-aged and older men with low to
normal serum testosterone levels are considering
testosterone supplementation as an anti-aging strategy.
At the same time, there is evidence that physical activity
is at historically low levels in the Western world. A study
compared the impacts of testosterone treatment aimed
at achieving physiological testosterone concentrations in
middle-aged and older men. The findings suggest that
both testosterone treatment and exercise improve lean
body mass in healthy older men. If improving lean body
mass is the primary goal, then testosterone treatment
may be considered, and the combination of testosterone
and exercise may be more beneficial than either alone.
In terms of muscle strength in old age, an exercise
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program is likely to be more beneficial than testosterone
treatment. Testosterone treatment aimed at achieving
physiological concentrations in middle-aged and older
men may improve lean body mass, while exercise
training improves lean body mass, aerobic fitness, and
strength [17].

Conclusion

In conclusion, in the setting of aging men, late-
onset hypogonadism is the clinical entity characterized
by low testosterone concentrations associated with
clinical symptoms in the absence of organic disease in
elderly men. It has been associated with metabolic
syndrome, reduced bone mineral density, and increased
risk of cardiovascular morbidity and mortality. Although
testosterone replacement therapy reverses most of
these conditions in young hypogonadal men, the
risk/benefit ratio of testosterone replacement therapy in
older men is debatable. In middle-aged and older men
with hypogonadism and low libido, testosterone
replacement therapy for 2 years improved sexual
activity, hypogonadal symptoms, and sexual desire, but
not erectile function. Furthermore, men with low
testosterone, elevated luteinizing hormone, or very low
estradiol concentrations had increased all-cause
mortality. Testosterone treatment aimed at achieving
physiological concentrations in middle-aged and older
men may improve lean body mass, whereas exercise
training improves lean body mass, aerobic fitness, and
strength.

CRediT

Author contributions: Conceptualization - Jeffeson
Alexandre Azevedo de Araujo, Kennya Medeiros Lopes de
Barros Lima, Ana Gabriela de Magalhdes, Lais Martins
Borges, Karlla Gabrielly Claudino Santos, Leonardo Hondrio
de Andrade Mélo Neto, Vitor Bezerra de Medeiros, Hugo
Menezes Lopes, Diego Pereira Netto, Brysa Freitas Dall’orto,
Nicole Velasco Campos; Data curation - Jeffeson
Alexandre Azevedo de Araujo, Kennya Medeiros Lopes de
Barros Lima, Ana Gabriela de Magalhdes, Lais Martins
Borges, Karlla Gabrielly Claudino Santos, Leonardo Hondrio
de Andrade Mélo Neto, Vitor Bezerra de Medeiros, Hugo
Menezes Lopes, Diego Pereira Netto, Brysa Freitas Dall’orto,
Nicole Velasco Campos; Formal Analysis -Jeffeson
Alexandre Azevedo de Araujo, Kennya Medeiros Lopes de
Barros Lima; Investigation- Jeffeson Alexandre Azevedo
de Araujo, Kennya Medeiros Lopes de Barros Lima, Ana
Gabriela de Magalhaes, Lais Martins Borges, Karlla Gabrielly
Claudino Santos, Leonardo Hondrio de Andrade Mélo Neto,
Vitor Bezerra de Medeiros, Hugo Menezes Lopes, Diego
Pereira Netto, Brysa Freitas Dall'orto, Nicole Velasco
Campos; Methodology- Jeffeson Alexandre Azevedo de

Page 5 of 7




ABRAN ()
International Journal of Nutrology, Sao Paulo, Vol 18, Iss 1, e25107,2025 ssocugiossions |

Araujo, Hugo Menezes Lopes, Diego Pereira Netto, Brysa 10.1016/j.maturitas.2024.108041.
Freitas Dall'orto, Nicole Velasco Campos; Project 2. De Silva NL, Papanikolaou N, Grossmann M,
administration -Jeffeson Alexandre Azevedo de Araujo; Antonio L, Quinton R, Anawalt BD, Jayasena CN.
Supervision -Jeffeson Alexandre Azevedo de Araujo; Male hypogonadism: pathogenesis, diagnosis,
Writing - original draft -Jeffeson Alexandre Azevedo de and management. Lancet Diabetes Endocrinol.
Araujo, Kennya Medeiros Lopes de Barros Lima, Ana 2024 Oct;12(10):761-774. doi: 10.1016/S2213-
Gabriela de Magalhaes, Lais Martins Borges, Karlla Gabrielly 8587(24)00199-2.
Claudino Santos, Leonardo Hondrio de Andrade Mélo Neto, 3. Handelsman DJ, Wittert GA. Testosterone and
Vitor Bezerra de Medeiros, Hugo Menezes Lopes, Diego Depression Symptoms in Aging Men. ] Clin
Pereira Netto, Brysa Freitas Dall'orto, Nicole Velasco Endocrinol Metab. 2024 Aug 13;109(9):e1798-
Campos; Writing-review & editing- Jeffeson Alexandre €1799. doi: 10.1210/clinem/dgae093.
Azevedo de Araujo, Kennya Medeiros Lopes de Barros Lima, 4. Rastrelli G, Corona G, Maggi M. Testosterone and
Ana Gabriela de Magalhdes, Lais Martins Borges, Karlla sexual function in men. Maturitas. 2018;112(open
Gabrielly Claudino Santos, Leonardo Hondrio de Andrade in a new window):46-52. doi:
Mélo Neto, Vitor Bezerra de Medeiros, Hugo Menezes Lopes, 10.1016/j.maturitas.2018.04.004.
Diego Pereira Netto, Brysa Freitas Dall'orto, Nicole Velasco 5. Corona G, Filippi S, Comelio P, et al. Sexual
Campos. function in men undergoing androgen deprivation
therapy. Int J Impot Res. 2021;33(open in a new
Acknowledgment window)(4(open in a new window)):439-447.
Not applicable. doi: 10.1038/s41443-021-00418-7.

6. Skakkebazek A, Moore PJ, Chang S, et al. Quality
of life in men with Klinefelter syndrome: the
impact of genotype, health, socioeconomics, and
sexual function. Genet Med. 2018;20(open in a
new window)(2(open in a new window)):214-

Ethical Approval
Not applicable.

Informed Consent 222. doi: 10.1038/gim.2017.110.
Not applicable. 7. Sansone A, Mollaioli D, Ciocca G, et al. Sexual
dysfunction in men and women with diabetes: a
Funding reflection of their complications? Curr Diabetes
Not applicable. Rev. 2022;18:€030821192147.
8. Sansone A, Reisman Y, Jannini EA. Relationship
Data Sharing Statement between hyperuricemia with deposition and
No additional data are available. sexual dysfunction in males and females. ]

Endocrinol Invest. 2022;45(open in a new
window)(4(open in a new window)):691-703.
doi: 10.1007/s40618-021-01719-w.

9. Corona G, Torres LO, Maggi M. Testosterone
therapy: what we have learned from trials. J Sex

Conflict of Interest
The authors declare no conflict of interest.

Similarity Check Med. 2020;17(open in a new window)(3(open in

It was applied by Ithenticate®. a new window)):447-460. doi:
10.1016/j.jsxm.2019.11.270.

Peer Review Process 10. Nguyen Hoai B, Hoang L, Nguyen Cao T, Pham

It was performed. Minh Q, A Jannini E. Testosterone and aging
male, a perspective from a developing country.

About The License© Aging Male. 2023 Dec;26(1):2223712. doi:

10.1080/13685538.2023.2223712.

11. Sharma SD, Cook MJ, Antonio L, Gielen E, Bartfai
G, Casanueva FF, Huhtaniemi IT, Maggi M, Punab
M, Rastrelli G, Slowikowska-Hilczer J, Tournoy J,
Vanderschueren D, Wu FC, O'Neill TW. Does

The author(s) 2025. The text of this article is open
access and licensed under a Creative Commons
Attribution 4.0 International License.

References testosterone influence the association between
1. Kanakis GA, Goulis DG. Addressing andropause: sleep and frailty in men: results from the
Challenges and strategies for healthy aging in European Male Aging Study. BMC Geriatr. 2023

men. Maturitas. 2024 Jun 13:108041. doi: Dec 6,23(1)813 doi: 101186/512877-023'

International Journal of Nutrology (2025) Page 6 of 7


https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1016/j.maturitas.2018.04.004
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1038/gim.2017.110
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1007/s40618-021-01719-w
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270
https://doi.org/10.1016/j.jsxm.2019.11.270

Aamng)

International Journal of Nutrology, Sao Paulo, Vol 18, Iss 1, e25107,2025 wsougiosesnens
04450-8.

12. Pencina KM, Travison TG, Cunningham GR,
Lincoff AM, Nissen SE, Khera M, Miller MG,
Flevaris P, Li X, Wannemuehler K, Bhasin S. Effect
of Testosterone Replacement Therapy on Sexual
Function and Hypogonadal Symptoms in Men
with Hypogonadism. J Clin Endocrinol Metab.
2024 Jan 18;109(2):569-580. doi:
10.1210/clinem/dgad484.

13. Yeap BB, Marriott RJ, Dwivedi G, Adams RJ,
Antonio L, Ballantyne CM, Bauer DC, Bhasin S,
Biggs ML, Cawthon PM, Couper D], Dobs AS,
Flicker L, Handelsman DJ], Hankey GJ,
Hannemann A, Haring R, Hsu B, Martin SA,
Matsumoto AM, Mellstrom D, Ohlsson C, O'Neill
TW, Orwoll ES, Quartagno M, Shores MM,
Steveling A, Tivesten A, Travison TG,
Vanderschueren D, Wittert GA, Wu FCW, Murray
K. Associations of Testosterone and Related
Hormones With All-Cause and Cardiovascular
Mortality and Incident Cardiovascular Disease in
Men : Individual Participant Data Meta-analyses.
Ann Intern Med. 2024 Jun;177(6):768-781. doi:
10.7326/M23-2781.

14. Kanakis GA, Pofi R, Goulis DG, Isidori AM, Armeni
E, Erel CT, Fistoni¢ I, Hillard T, Hirschberg AL,
Meczekalski B, Mendoza N, Mueck AO, Simoncini
T, Stute P, van Dijken D, Rees M, Lambrinoudaki
I. EMAS position statement: Testosterone
replacement therapy in older men. Maturitas.
2023 Dec;178:107854. doi:
10.1016/j.maturitas.2023.107854.

15. Glover F, Sullivan E, Mulloy E, Belladelli F, Del
Giudice F, Eisenberg ML. The relationship
between klotho, testosterone, and sexual health
parameters among US adult men. J Endocrinol
Invest. 2024 Mar;47(3):523-533. doi:
10.1007/s40618-023-02163-8.

16. Tran C, Yeap BB, Ball J, Clayton-Chubb D, Hussain
SM, Brodtmann A, Tonkin AM, Neumann JT,
Schneider HG, Fitzgerald S, Woods RL, McNeil 1].
Testosterone and the risk of incident atrial
fibrillation in older men: further analysis of the
ASPREE study. EClinicalMedicine. 2024 Apr
29;72:102611. doi:
10.1016/j.eclinm.2024.102611.

17. Green DJ, Chasland LC, Yeap BB, Naylor LH.
Comparing the Impacts of Testosterone and
Exercise on Lean Body Mass, Strength and

Aerobic Fitness in Aging Men. Sports Med Open. MetaSCience Press
2024 Apr 2;10(1):30. doi: 10.1186/s40798-024- The Best Science
00703-x.

https://zotarellifilhoscientificworks.com/

International Journal of Nutrology (2025) Page 7 of 7




