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ABSTRACT

Male hypogonadism is increasingly prevalent with advancing age and is particularly frequent among men with
obesity, type 2 diabetes mellitus, and other cardiometabolic comorbidities (functional hypogonadism), whereas
it remains relatively uncommon in younger men except in the presence of congenital or acquired disorders
affecting the hypothalamic-pituitary-testicular axis (organic hypogonadism).

Historically, the relationship between testosterone decline and aging per se, as well as the contribution of
comorbidities, has been debated. Similarly, uncertainty has persisted regarding the management of obesity-
associated functional hypogonadism, and diagnostic thresholds remain insufficiently standardized across
different guidelines.

Therefore, this narrative review addresses unresolved issues in diagnostic criteria, etiological assessment, and
the impact of treatment on symptoms and long-term health outcomes in older men. It was based on a literature
search conducted in PubMed using combinations of keywords such as obesity, testosterone, male hypogonadism,
functional and organic hypogonadism, aging men, metabolic syndrome, diabetes, and comorbidities. Original research
articles, systematic reviews, meta-analyses, and clinical guidelines published in English were screened, and the
most relevant and high-quality publications were selected to provide a comprehensive overview of the current

evidence. Additional relevant studies were identified through the reference lists of retrieved articles.

1. Introduction

Male hypogonadism (MH) is a syndrome characterized by androgen
deficiency and impaired spermatogenesis. It is defined as a biochemical
and clinical condition in which reduced testosterone (T) concentrations
are associated with relevant and compatible symptoms or signs [2].

Its epidemiology is influenced by variability in definitions and
diagnostic criteria, as well as differences in the distinction between
biochemical and symptomatic hypogonadism and in the populations
studied [3]. Nevertheless, the prevalence of clinically significant
symptomatic MH is estimated to range between 2% and 5.3% [4,5].

According to its etiology, MH is typically classified as hyper-
gonadotropic (primary) hypogonadism, resulting from testicular failure,
and hypogonadotropic (secondary) hypogonadism, in which the un-
derlying cause resides in hypothalamic or pituitary dysfunction. Mixed
forms, meaning a reduced testicular synthesis of T due to a combination
of causes, may also occur [6]. Furthermore, “compensated

hypogonadism” refers to a condition in which serum T levels remain
within the normal range despite elevated luteinizing hormone (LH),
reflecting increased hypothalamic—pituitary stimulation to preserve T
production in the presence of early or subclinical testicular dysfunction
[7]. Lastly, MH may also result from impaired T bioactivity secondary to
alterations in androgen receptor function or increased levels of sex
hormone-binding globulin (SHBG), due to aging or the use of drugs that
increase its levels [8].

Organic causes account for a minority of MH cases. The most com-
mon primary cause is Klinefelter syndrome, while other non-iatrogenic
forms are rare. In contrast, iatrogenic MH is becoming increasingly
common, mainly due to androgen deprivation therapy for prostate
cancer, chemotherapy, radiotherapy, or gonadectomy for both onco-
logical and non-oncological indication. Secondary MH is most often
associated with traumatic brain injury, corticosteroids, opioids, anabo-
lic-androgenic steroids, or drugs causing hyperprolactinemia, whereas
pituitary tumors, hyperprolactinemia, Cushing syndrome, and iron
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overload disorders are uncommon causes [1].

Functional hypogonadism (FH), historically referred to as late-onset
hypogonadism (LOH), is a more frequent condition characterized by a
potentially reversible and often borderline reduction in T levels, mainly
secondary to age-related comorbidities or metabolic disorders such as
diabetes, obesity, or metabolic syndrome (MS), in the absence of an
organic disruption of the hypothalamic-pituitary-gonadal (HPG) axis
[9].

Unlike organic MH, which generally requires lifelong testosterone
replacement therapy (TRT) unless contraindicated, FH is potentially
reversible, with typically milder, multifactorial symptoms. Conse-
quently, the benefits of TRT are more limited and depend on the un-
derlying condition, making treatment indications individualized rather
than routine (Table 1).

2. Clinical presentation of male hypogonadism

Signs and symptoms of MH depend on the age of onset, the severity
of testosterone deficiency (TD), and the underlying cause. Prepubertal
onset is characterized by delayed or incomplete puberty, with absent
secondary sexual characteristics, small testes, micropenis, and cryptor-
chidism. In adults, the most specific manifestations are reduced libido,
erectile dysfunction, and fewer spontaneous erections, while fatigue and
mood disturbances are common but nonspecific. Physical findings may
include gynecomastia, reduced body hair, small testes, increased fat
mass, decreased muscle mass, anemia, lower age-adjusted prostate-
specific antigen (PSA) levels, and reduced bone mineral density [2].

3. Diagnosis
Diagnosing MH can be challenging due to discrepancies among

available assays and variability in T reference ranges. In addition,

Table 1
Organic hypogonadism vs functional hypogonadism (adapted from Basaria et al,
Grossman et al.) [47,48].

Feature Organic Hypogonadism Functional Hypogonadism

Underlying cause Defined structural or Likely suppressed by

Reversibility

Clinical
presentation

Testosterone levels

Gonadotropins

TRT indication

Expected benefits/
risks of
testosterone
therapy

Preferred
formulation

congenital damage of the
HPG axis

Typically permanent and
irreversible

Specific symptoms and
objective signs (e.g. low
libido, small testes,
gynecomastia, reduced body
hair) with direct causal
relationship

Persistently and markedly
reduced

Elevated in primary forms,
inappropriately normal/low
in secondary forms
Definitive; lifelong

Sexual function, BMD and
fracture risk (especially
Klinefelter, young onset),
muscle mass, erythropoiesis,
QoL

Long-acting injectable,
short-acting gel

comorbidity without any
other identifiable structural
disease

Potentially reversible
functional suppression (e.g.
weight loss >5-10%,
comorbidity control)

Less specific symptoms (e.g.
erectile dysfunction,
fatigue, low mood) which
may overlap with comorbid
conditions

More often borderline-low
or fluctuating near the
lower normal range
Usually normal,
occasionally reduced

Conditional, time-limited
trial for predominantly
sexual symptoms, after
lifestyle optimisation has
failed

Sexual function (modest);
body composition in less-
complicated patients,
modest BMD gain

Short-acting gel
(reversibility, dose
titration)
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divergent diagnostic cutoffs for total testosterone (TT) and free testos-
terone (fT) exist among major medical societies and across regions,
primarily due to differences in assay standardization, reference pop-
ulations, and clinical priorities [3].

A recent article by Tsampoukas et al. [3] summarizes the differences
in guidelines among nine different scientific societies. Guidelines differ
in terminology (e.g., MH vs. TD, FH vs. LOH), in classification based on
etiology (hypo- vs. hypergonadotropic, timing of onset, functional vs.
organic), and in the inclusion of concepts such as mixed hypogonadism,
decreased T bioactivity, or compensated hypogonadism. Most impor-
tantly, there is no universal consensus on diagnostic criteria based on
clinical history, symptoms, and biochemical T measurements
[2,7,10-15].

Regarding biochemical measurements, most clinical societies
emphasize measuring TT in a fasting morning sample, typically between
7:00 and 11:00 a.m., with some recommending repeat testing to confirm
the result [10,13].

Differences in total and free T diagnostic cutoffs create a diagnostic
“gray zone” and contribute to variability across recommendations.
While TT <8 nmol/L generally supports a diagnosis of MH and TT >12
nmol/L effectively excludes it, values between 8 and 12 nmol/L remain
diagnostically uncertain [3] (Table 2).

For fT, assessed by equilibrium dialysis (gold standard) or, when
unavailable, by a validated calculation such as the Vermeulen equation
(based on TT, SHBG, and albumin), there is even greater variability in
the recommended cutoffs. Certain societies—such as the EAA (European
Academy of Andrology), SIAMS (Italian Society of Andrology and Sexual
Medicine), and SfE (Society for Endocrinology) suggest a threshold of
220-225 pmol/L. [7,14] (Table 2).

Some societies also recommend measuring LH to help distinguish the
underlying etiology of MH, with SIAMS suggesting that LH > 9.4 U/L
indicates primary hypogonadism [10].

In most guidelines, prolactin (PRL) testing is indicated in all men
with suspected secondary hypogonadism, and MRI should be performed
in those with hyperprolactinemia, mass effect symptoms, pan-
hypopituitarism, or markedly low T [11,12] (Table 2).

4. Comorbidities and hypogonadism

The prevalence of MS has increased substantially worldwide over the
past two decades, with current global estimates indicating that
approximately 25.7% of men are affected as of 2023 [16].

Among MS components, central/visceral adiposity is the dominant
correlate of reduced T levels; in a primary-care cohort, the prevalence of
biochemical low T (irrespective of symptoms) rose to 44% in men with
waist circumference (WC) >110 cm [17].

Tsutsumi et al. highlight the bidirectional relationship between
obesity and FH, which appears to be stronger in the direction from
obesity to hypogonadism. At the level of the HPG axis, leptin resistance,
metabolic inflammation and cytokine activity disrupt kisspeptin sig-
nalling, thereby reducing GnRH secretion in hypothalamic neurons.
Peripherally, elevated leptin levels and oxidative stress impair ste-
roidogenesis in Leydig cells. Negative feedback on GnRH due to
increased oeastradiol—resulting from aromatization of T in adipose
tissue—is a more debated mechanism. Finally, obesity markedly reduces
SHBG levels, as inflammation decreases its hepatic synthesis, thereby
affecting T bioavailability [18].

MH exacerbates adiposity and metabolic dysfunction, creating a vi-
cious cycle. Hypogonadism promotes increased fat mass and insulin
resistance through mechanisms such as elevated lipoprotein lipase (LPL)
activity, reduced noradrenergic-mediated lipolysis, decreased protein
synthesis, and lower physical activity. These changes further suppress
the HPG axis and Leydig cell function, while promoting chronic
inflammation via increased pro-inflammatory cytokines [18].
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Table 2
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Different total testosterone (TT) and calculated free testosterone (cfT) cutoff values for the diagnosis of male hypogonadism according to the recommendations of
various scientific societies (adapted from Tsampoukas et al.) [3]. Note: TT concentrations are expressed in nmol/L; To convert TT concentrations from nmol/L to ng/

dL, multiply by 28.84 (ng/dL = nmol/L x 28.84).

Society TT suggestive of pituitary TT cutoff diagnostic of MH  TT “gray zone” and recommended next TT cutoff cFT cutoffs diagnostic
pathology steps excluding MH of MH
ISA, ISSAM, EAU, EAA 5.2 nmol/L 8 nmol/L 8-12 nmol/L (repeat, calculate {T) 12 nmol/L 225 pmol/L
and ASA [49]

AUA [12] 5.2 nmol/L 10.4 nmol/L (repeated) - - -

EAA [7] 6 nmol/L 8 nmol/L 8-12 nmol/L (repeat, fT) 12 nmol/L -

BSSM [13] 5.2 nmol/L 8 nmol/L (repeated) 8-12 nmol/L (calculate fT) 12 nmol/L 225 pmol/L
SfE [14] - 8 nmol/L 8-12 nmol/L 12 nmol/L 220 pmol/L
EnS [2] 5.2 nmol/L 264 ng/dL (~9.2 nmol/L). (repeat, calculate fT) - -

(repeated)
ISSM [15] - 8 nmol/L (repeated) 8-12 nmol/L (repeat, calculate fT in 12 nmol/L -
obese and older men)
SIAMS/SIE 6 nmol/L 12 nmol/L (repeated) - - 220 pmol/L

5. Age and testosterone levels

When considering T levels alone, several epidemiological studies
have consistently demonstrated a progressive decline in circulating T
concentrations in men over time, with an estimated annual decrease
ranging from 0.4% to 0.85% (corresponding to an average reduction of
approximately 0.110 nmol/L per year) from early adulthood, despite
differences in study design and methodological approaches [19,20]. The
decline in fT is steeper due to age-related increases in SHBG, with fT
dropping by about 1.5-2% per year [21,22].

While underlying health conditions can contribute to the reduction
in androgen levels, several studies indicate that this decline is also
observed in otherwise healthy men, suggesting that aging per se repre-
sents a significant risk factor [19]. However, some well-conducted lon-
gitudinal and cross-sectional studies have failed to demonstrate a
significant association between age and declining T levels after con-
trolling for comorbidities and other confounding factors, thereby ques-
tioning the role of aging per se [4,17,23].

Accumulating evidence, in fact, indicates that MH in older men is
predominantly functional rather than the result of intrinsic hypothal-
amic-pituitary aging, with obesity, metabolic dysfunction, chronic sys-
temic illness, and medications representing the main drivers of HPG axis
suppression. Consequently, the age-related decline in T appears to
reflect the cumulative burden of comorbidities rather than chronological
aging itself and may be at least partially reversible following correction
of these underlying conditions [4,18,24,25].

Nevertheless, a smaller but clinically relevant subgroup of men,
whose prevalence increases with advanced age (particularly beyond
65-70 years), develops primary testicular dysfunction resulting from
progressive Leydig cell aging and reduced steroidogenic reserve. This
process is often preceded by a state of compensated primary hypo-
gonadism which may progress to overt primary hypogonadism.
Compared with FH, this phenotype is less reversible because it reflects
structural and functional deterioration of the testes [24].

In conclusion, MH in older men appears to be predominantly a sec-
ondary or mixed disorder, resulting from the combined effects of age-
related decline in testicular reserve and comorbidity-driven suppres-
sion of the HPG axis [4,18,24].

6. Impact of testosterone replacement therapy on metabolic
health

While the bidirectional relationship between obesity and hypo-
gonadism is well established, the effectiveness of TRT in reversing this
cycle is limited. TRT leads to a significant reduction in WC and blood
triglyceride levels, with modest improvements in lean body mass and
LDL cholesterol. However, it has not been shown to consistently improve
body weight, body mass index (BMI), blood pressure, or glycemic con-
trol [26]. Weight loss itself is more effective in improving metabolic

health, and some evidence suggests that intensive lifestyle therapy
benefits may be attenuated when combined with TRT [27].

Lifestyle interventions and weight loss, on the other hand, are
effective in restoring T levels in obese men with MS related FH, with the
magnitude of T increase proportional to the degree of weight reduction.

Among the available obesity treatments, weight loss obtained with
dietary and lifestyle modification is associated with modest average T
rise that can be clinically meaningful in some men (approximately 2-3
nmol/L in TT levels with 5-10% of weight loss) while bariatric surgery
can produce large increases in T (approximately TT 8 nmol/L) and
higher likelihood of reversing obesity-associated FH [28-30]. GLP-1
receptor agonists in this setting generally increase TT in parallel with
weight loss and metabolic improvement, while evidence for dual GIP/
GLP-1 agonists (e.g., tirzepatide) on the male HPG axis is newer but
suggests potentially larger improvements, likely reflecting greater
adiposity reduction [31,32].

However, the rise in T is often limited by a concomitant increase in
SHBG, so fT may not increase to the same extent as TT and clinical
symptoms may not fully resolve in all men [33].

7. Testosterone and cardiovascular risk

The adverse cardiometabolic phenotype associated with FH, partic-
ularly in men with MS, likely contributes to the increased cardiovascular
risk observed in this population [34]. However, despite improving some
metabolic and body composition parameters, as discussed in the previ-
ous section, TRT for MH has not been shown to consistently reduce
major adverse cardiovascular events (MACE) [35].

The TRAVERSE trial, a large randomized controlled study, indeed,
found that TRT was noninferior to placebo regarding MACE in 5204 men
with hypogonadism and high cardiovascular risk (hazard ratio 0.96;
95% CI, 0.78-1.17), indicating no significant increase or decrease in
MACE over a mean follow-up of 33 months. However, the TRAVERSE
trial demonstrated a higher incidence of atrial fibrillation (AF) (3.5% vs.
2.4%) and pulmonary embolism (PE) (0.9% vs. 0.5%) in the TRT arm
compared with placebo [36].

These observations are supported by the large propensity score-
—matched analysis by Bonnet et al., including 117,908 matched pairs of
cisgender men with hypogonadism and a median follow-up of 5 years, in
which TRT was associated with an increased risk of AF (HR 1.27, 95% CI
1.22-1.32; P < 0.0001) and acute PE/deep vein thrombosis (DVT) (HR
1.26, 95% CI 1.18-1.34; P < 0.0001). Collectively, these data provide
convergent evidence that TRT may confer an elevated risk of AF and
venous thromboembolism (VTE), particularly over longer-term expo-
sure [37].

Therefore, despite the absolute risk of VTE is low, TRT remains
contraindicated in men with known thrombophilia or a history of VTE
unless anticoagulation is considered [2].

Although TRT does not appear to increase cardiovascular risk, it
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should still be avoided in men who have had a recent myocardial
infarction or stroke (within the last four months), and in those with
severe or decompensated heart failure (NHYA III-IV), due to concerns
about fluid retention and potential cardiovascular complications [38].

8. Other benefits and risks of TRT

TRAVERSE and the Testosterone Trials (TTrials) show that TRT in
older men provides the most consistent benefit for sexual symptoms,
with smaller/less consistent benefits for physical function, mood/vital-
ity, anemia, and bone surrogates, and no demonstrated benefit for
cognition [39,40].

Although the TRAVERSE trial was not designed to evaluate fracture
outcomes, an unexpectedly higher incidence of clinical fractures was
observed among men receiving TRT than among those receiving pla-
cebo, despite improvements in BMD and bone microarchitecture. Clin-
ical fractures occurred in 91 of 2601 men (3.50%) in the TRT group
compared with 64 of 2603 men (2.46%) in the placebo group over a
median follow-up of 3.19 years (HR 1.43, 95% CI 1.04-1.97) [36].

However, this finding should be interpreted cautiously, as the ab-
solute risk increase was modest (+1.04% over 3.19 years). Moreover,
when analyses were restricted to non-high-impact fractures, the
between-group difference was attenuated, and the incidence of major
osteoporotic fractures remained low and comparable between groups
[36,41]. Given the consistent evidence from randomized controlled
trials demonstrating that TRT improves BMD and bone micro-
architecture [42,43] the observed increase in fracture risk is unlikely to
reflect impaired bone quality. Instead, it may be explained by behav-
ioural changes associated with early symptomatic improvement, such as
increased physical activity, greater risk-taking behaviour, or higher
exposure to trauma before adequate musculoskeletal adaptation has
occurred [41].

Nevertheless, men at high risk of fragility fractures should receive
evidence-based osteoporosis treatment irrespective of TRT. If TRT is
indicated for the treatment of symptomatic MH, it should be prescribed
as adjunctive therapy, with patients explicitly counseled that current
evidence does not demonstrate a reduction in fracture risk [44].

Although randomized trials have not demonstrated an increased
incidence of prostate cancer or urinary tract symptoms(LUTS) [36,40],
high-risk individuals were generally excluded, therefore older men
should undergo baseline assessment for prostate cancer risk and LUTS,

p_ P o

g

Metastatic prostate cancer,
Unevaluated prostate nodule,
PSA >4 ng/ml

Uncontrolled
congestive heart failure

e 4

Breast cancer

Severe LUTS
(IPSS/AUA>19)
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along with careful monitoring of PSA during treatment [2].

TRT is contraindicated in men with untreated or advanced prostate
cancer, breast cancer, and those actively seeking fertility, due to the
suppressive effect on spermatogenesis. Further contraindications
include baseline erythrocytosis (hehaematocrit >48 or 50% according to
different guidelines) and severe untreated obstructive sleep apnea
(0OSA), as these conditions may be exacerbated by TRT [10] (Fig. 1).

9. TRT: when and how

As previously discussed, organic MH generally warrants TRT unless
contraindicated. In contrast, management of FH should primarily target
reversible causes through weight loss, regular exercise, optimization of
comorbidities, and discontinuation or modification of offending medi-
cations. In men with MS-related FH, lifestyle interventions, bariatric
surgery when appropriate, and incretin-based therapies should be
considered as first-line treatment. TRT should be reserved for carefully
selected men with persistent symptomatic biochemical TD despite
optimization of overall health, after individualized assessment of
symptoms, T levels, and comorbidities. In this setting, the EAA guideline
suggests a 3-6-month trial of transdermal TRT in men with persistent
symptomatic but potentially reversible FH, with treatment discontinued
if no clinical benefit is observed. Patients should be counseled about the
uncertainty surrounding the long-term benefits and risks of TRT and the
need for ongoing monitoring [2,6,7,11,12,45].

As sexual symptoms (reduced libido, decreased spontaneous erec-
tions, erectile dysfunction) are the most testosterone-specific and the
only symptoms with consistent RCT evidence for TRT benefit, non-
sexual symptoms (fatigue, mood, cognition, physical function) should
not be the sole indication [45,46].

Transdermal options (gel or patch) are generally recommended as
first-line therapy in older men with MH due to their ease of dose titra-
tion, lower risk of supraphysiologic peaks, favourable safety profile, and
short-acting pharmacokinetics, which allow rapid discontinuation if
adverse effects occur. Injectable formulations (e.g., long-acting unde-
canoate) may be considered for men who prefer less frequent dosing or
experience adherence issues or skin irritation; however, these carry a
higher risk of erythrocytosis and wider peak-trough fluctuations
[10,38].

Desire for fertility
in the near term

48

\

Baseline haematocrit
>48%-50%

Fig. 1. Main contraindications to testosterone replacement therapy [2,7,12].
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10. Treatment monitoring

Structured monitoring strategy is fundamental to ensure the efficacy
and safety of TRT in men with MH.

Before treatment initiation, baseline evaluation should include
serum TT, complete blood count with haematocrit, PSA and digital
rectal examination (DRE) in men aged >40 years or according to indi-
vidual prostate cancer risk, together with a comprehensive assessment
of symptoms, treatment objectives, and cardiometabolic risk factors,
including lipid and glycemic profiles [2,7,10].

During the first year of therapy, patients should undergo reassess-
ment at 3-6 months and again at 12 months to evaluate clinical
response, treatment adherence, adverse events, serum TT concentra-
tions (to guide dose titration and maintain levels within the mid-normal
physiological range), haematocrit, and prostate safety (PSA + DRE,
according to age and risk profile). Thereafter, clinical and biochemical
monitoring should be performed at least annually, including periodic
reassessment of metabolic parameters [2,7,10].

Particular attention should be paid to predefined safety thresholds.
Haematocrit values >54% require temporary discontinuation of TRT,
evaluation for reversible causes such as hypoxia or OSA, and subsequent
treatment resumption at a reduced dose or with an alternative formu-
lation once haematocrit has normalized. Similarly, a confirmed PSA
concentration > 4 ng/mL, an increase in PSA >1.4 ng/mL during the
first 12 months of treatment, abnormal DRE findings, or clinically sig-
nificant worsening of LUTS should prompt urological evaluation and
temporary discontinuation of TRT pending specialist assessment
[2,7,10].

11. Conclusion

MH is increasingly recognized in older men, particularly in the
setting of obesity, diabetes, MS, and multimorbidity, where FH should
be viewed as a potentially reversible condition rather than an inevitable
consequence of aging. Accordingly, lifestyle intervention, weight loss,
and optimization of comorbidities should remain the cornerstone of
management.

TRT should not be routinely prescribed in FH but may be considered
in carefully selected men consistently confirmed low T levels and
persistent symptoms despite appropriate lifestyle measures. Current
evidence supports its greatest benefit for sexual symptoms, whereas
effects on physical function, cognition, mood, and cardiometabolic
outcomes remain uncertain. Given the limited long-term safety data,
particularly regarding cardiovascular and prostate outcomes, individu-
alized decision-making and regular monitoring are essential.

Future research should improve patient phenotyping and provide
adequately powered trials to better define the role of TRT relative to
lifestyle interventions.

Contributors

Serena Anna Ravelli conceived the review, performed the literature
search, interpreted the findings, and drafted the manuscript.

Elisa Maseroli critically revised the manuscript and contributed to
the interpretation of the literature.

Linda Vignozzi supervised the project and critically reviewed the
manuscript.

All authors saw and approved the final version and no other person
made a substantial contribution to the paper.

Provenance and peer review

This article was commissioned and was externally peer reviewed.

Maturitas 214 (2026) 109124

Declaration of Generative Al and Al-assisted technologies in the
writing process

During the preparation of this work, the author used Open Evidence
and Vera Health for bibliographic research verification and ChatGPT for
minor language and stylistic editing. After using these tools, the author
reviewed and edited the output as needed and take full responsibility for
the content of the published article.

Funding
No funding was received for this work.
Declaration of competing interest
The authors declare that they have no competing interest.

References

[1] A. Thirumalai, B.D. Anawalt, Epidemiology of male hypogonadism, Endocrinol.
Metab. Clin. N. Am. 51 (1) (2022) 1-27, https://doi.org/10.1016/j.
ecl.2021.11.016.

[2] S. Bhasin, J.P. Brito, G.R. Cunningham, et al., Testosterone therapy in men with
hypogonadism: an Endocrine Society* clinical practice guideline, J. Clin.
Endocrinol. Metab. 103 (5) (2018) 1715-1744, https://doi.org/10.1210/jc.2018-
00229.

[3] G. Tsampoukas, S. Karna, A. Morgado, S. Minhas, Variations in diagnostic criteria
for male hypogonadism: is there a need for standardizing specialist society
guidelines? Int. J. Impot. Res. (2025) https://doi.org/10.1038/541443-025-01128-
0. Published online July 19.

[4] G. Corona, D.M. Lee, G. Forti, et al., Age-related changes in general and sexual
health in middle-aged and older men: results from the European Male Ageing Study
(EMAS), J. Sex. Med. 7 (4_Part_1) (2010) 1362-1380, https://doi.org/10.1111/
j-1743-6109.2009.01601.x.

[5] Y.J. Liu, X.B. Shen, N. Yu, et al., Prevalence of late-onset hypogonadism among
middle-aged and elderly males in China: results from a national survey, Asian J.
Androl. 23 (2) (2021) 170-177, https://doi.org/10.4103/aja.aja_59 20.

[6] N.L. De Silva, N. Papanikolaou, M. Grossmann, et al., Male hypogonadism:
pathogenesis, diagnosis, and management, Lancet Diabetes Endocrinol. 12 (10)
(2024) 761-774, https://doi.org/10.1016/52213-8587(24)00199-2.

[7] G. Corona, D.G. Goulis, I. Huhtaniemi, et al., European academy of andrology
(EAA) guidelines on investigation, treatment and monitoring of functional
hypogonadism in males: endorsing organization: European Society of
Endocrinology, Andrology 8 (5) (2020) 970-987, https://doi.org/10.1111/
andr.12770.

[8] G. Rastrelli, G. Corona, S. Cipriani, E. Mannucci, M. Maggi, Sex hormone-binding
globulin is associated with androgen deficiency features independently of total
testosterone, Clin. Endocrinol. 88 (4) (2018) 556-564, https://doi.org/10.1111/
cen.13530.

[9] M. Louters, M. Pearlman, E. Solsrud, A. Pearlman, Functional hypogonadism
among patients with obesity, diabetes, and metabolic syndrome, Int. J. Impot. Res.
34 (7) (2022) 714-720, https://doi.org/10.1038/s41443-021-00496-7.

[10] A.M. Isidori, A. Aversa, A. Calogero, et al., Adult- and late-onset male
hypogonadism: the clinical practice guidelines of the Italian Society of Andrology
and Sexual Medicine (SIAMS) and the Italian Society of Endocrinology (SIE),

J. Endocrinol. Investig. 45 (12) (2022) 2385-2403, https://doi.org/10.1007/
s40618-022-01859-7.

[11] A. Salonia, P. Capogrosso, L. Boeri, et al., European Association of Urology
guidelines on male sexual and reproductive health: 2025 update on male
hypogonadism, erectile dysfunction, premature ejaculation, and Peyronie’s
disease, Eur. Urol. 88 (1) (2025) 76-102, https://doi.org/10.1016/j.
eururo.2025.04.010.

[12] J.P. Mulhall, L.W. Trost, R.E. Brannigan, et al., Evaluation and management of
testosterone deficiency: AUA Guideline, J. Urol. 200 (2) (2018) 423-432, https://
doi.org/10.1016/j.juro.2018.03.115.

[13] G. Hackett, M. Kirby, R.W. Rees, et al., The British Society for Sexual Medicine
Guidelines on male adult testosterone deficiency, with statements for practice,
World J. Mens Health. 41 (3) (2023) 508, https://doi.org/10.5534/wjmh.221027.

[14] C.N. Jayasena, R.A. Anderson, S. Llahana, et al., Society for Endocrinology
guidelines for testosterone replacement therapy in male hypogonadism, Clin.
Endocrinol. 96 (2) (2022) 200-219, https://doi.org/10.1111/cen.14633.

[15] J.D. Dean, C.G. McMahon, A.T. Guay, et al., The International Society for Sexual
Medicine’s process of care for the assessment and management of testosterone
deficiency in adult men, J. Sex. Med. 12 (8) (2015) 1660-1686, https://doi.org/
10.1111/jsm.12952.

[16] J.J. Noubiap, J.R. Nansseu, U.F. Nyaga, et al., Worldwide trends in metabolic
syndrome from 2000 to 2023: a systematic review and modelling analysis, Nat.
Commun. 17 (2025) 573, https://doi.org/10.1038/s41467-025-67268-5.


https://doi.org/10.1016/j.ecl.2021.11.016
https://doi.org/10.1016/j.ecl.2021.11.016
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1038/s41443-025-01128-0
https://doi.org/10.1038/s41443-025-01128-0
https://doi.org/10.1111/j.1743-6109.2009.01601.x
https://doi.org/10.1111/j.1743-6109.2009.01601.x
https://doi.org/10.4103/aja.aja_59_20
https://doi.org/10.1016/S2213-8587(24)00199-2
https://doi.org/10.1111/andr.12770
https://doi.org/10.1111/andr.12770
https://doi.org/10.1111/cen.13530
https://doi.org/10.1111/cen.13530
https://doi.org/10.1038/s41443-021-00496-7
https://doi.org/10.1007/s40618-022-01859-7
https://doi.org/10.1007/s40618-022-01859-7
https://doi.org/10.1016/j.eururo.2025.04.010
https://doi.org/10.1016/j.eururo.2025.04.010
https://doi.org/10.1016/j.juro.2018.03.115
https://doi.org/10.1016/j.juro.2018.03.115
https://doi.org/10.5534/wjmh.221027
https://doi.org/10.1111/cen.14633
https://doi.org/10.1111/jsm.12952
https://doi.org/10.1111/jsm.12952
https://doi.org/10.1038/s41467-025-67268-5

S.A. Ravelli et al.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

T.L.N. Tiraboschi, E.P. Miranda, M.T. Novaes, et al., Rethinking low testosterone in
older men: association with obesity rather than aging, Urology 198 (2025)
207-212, https://doi.org/10.1016/j.urology.2024.12.036.

T. Tsutsumi, K. Tsuchiya, Testosterone and obesity in an aging society,
Biomolecules 15 (11) (2025) 1521, https://doi.org/10.3390/biom15111521.
F.C.W. Wu, A. Tajar, S.R. Pye, et al., Hypothalamic-pituitary-testicular axis
disruptions in older men are differentially linked to age and modifiable risk factors:
the European male aging study, J. Clin. Endocrinol. Metab. 93 (7) (2008)
2737-2745, https://doi.org/10.1210/jc.2007-1972.

E.M. Camacho, I.T. Huhtaniemi, T.W. O’Neill, et al., Age-associated changes in
hypothalamic-pituitary—testicular function in middle-aged and older men are
modified by weight change and lifestyle factors: longitudinal results from the
European Male Ageing Study, Eur. J. Endocrinol. 168 (3) (2013) 445-455, https://
doi.org/10.1530/EJE-12-0890.

S.T. Hills, T.A. Mansfield, S. Bhasin, E.S. Orwoll, Longitudinal changes in sex
hormones in a population of older community-dwelling men, J. Clin. Endocrinol.
Metab. (2025) dgaf652, https://doi.org/10.1210/clinem/dgaf652. Published
online December 11.

B.B. Yeap, L. Manning, S.A.P. Chubb, et al., Progressive impairment of testicular
endocrine function in ageing men: testosterone and dihydrotestosterone decrease,
and luteinizing hormone increases, in men transitioning from the 8th to 9th
decades of life, Clin. Endocrinol. 88 (1) (2018) 88-95, https://doi.org/10.1111/
cen.13484.

C.A. Carto, A.A. Gurayah, M.C.S. Arbelaez, M.R. Grewal, T. Kohn, R. Ramasamy,
Association between comorbidities and longitudinal changes in total testosterone
among men from the Baltimore Longitudinal Study of Aging, J. Sex. Med. 20 (5)
(2023) 605-611, https://doi.org/10.1093/jsxmed/qdad025.

B.D. Anawalt, A.M. Matsumoto, Aging and androgens: physiology and clinical
implications, Rev. Endocr. Metab. Disord. 23 (6) (2022) 1123-1137, https://doi.
org/10.1007/s11154-022-09765-2.

A. Kaltsas, F. Dimitriadis, A. Zachariou, S. Koukos, M. Chrisofos, N. Sofikitis, When
testosterone fades: Leydig cell aging shaped by environmental toxicants, metabolic
dysfunction, and testicular niche crosstalk, Cells 15 (2) (2026) 158, https://doi.
org/10.3390/cells15020158.

A.S. Mangolim, L.D.A.R. Brito, V.D.S. Nunes-Nogueira, Effectiveness of
testosterone replacement in men with obesity: a systematic review and meta-
analysis, Eur. J. Endocrinol. 186 (1) (2022) 123-135, https://doi.org/10.1530/
EJE-21-0473.

A.M. Gonzalez-Gil, Y. Barnouin, A. Celli, et al., Metabolic effects of testosterone
added to intensive lifestyle intervention in older men with obesity and
hypogonadism, J. Clin. Endocrinol. Metab. 110 (3) (2025) e814-e826, https://doi.
org/10.1210/clinem/dgae249.

G. Corona, G. Rastrelli, M. Monami, et al., Body weight loss reverts obesity-
associated hypogonadotropic hypogonadism: a systematic review and meta-
analysis, Eur. J. Endocrinol. 168 (6) (2013) 829-843, https://doi.org/10.1530/
EJE-12-0955.

R. Zhu, L. Li, Metabolic and bariatric surgery and male endocrine and reproductive
health: a GRADE-assessed meta-analysis, Front. Nutr. 13 (2026) 1775651, https://
doi.org/10.3389/fnut.2026.1775651.

H.F. Escobar-Morreale, E. Santacruz, M. Luque-Ramirez, J.I. Botella Carretero,
Prevalence of ‘obesity-associated gonadal dysfunction’ in severely obese men and
women and its resolution after bariatric surgery: a systematic review and meta-
analysis, Hum. Reprod. Update 23 (4) (2017) 390-408, https://doi.org/10.1093/
humupd/dmx012.

G. Salvio, A. Ciarloni, N. Ambo, et al., Effects of glucagon-like peptide 1 receptor
agonists on testicular dysfunction: a systematic review and meta-analysis,
Andrology 13 (8) (2025) 2022-2034, https://doi.org/10.1111/andr.70022.

S. La Vignera, R. Cannarella, V. Garofalo, et al., Short-term impact of tirzepatide on
metabolic hypogonadism and body composition in patients with obesity: a

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Maturitas 214 (2026) 109124

controlled pilot study, Reprod. Biol. Endocrinol. 23 (1) (2025) 92, https://doi.org/
10.1186/512958-025-01425-9.

R. Armamento-Villareal, L.E. Aguirre, C. Qualls, D.T. Villareal, Effect of lifestyle
intervention on the hormonal profile of frail, obese older men, J. Nutr. Health
Aging 20 (3) (2016) 334-340, https://doi.org/10.1007/512603-016-0698-x.

R. Pivonello, D. Menafra, E. Riccio, et al., Metabolic disorders and male
hypogonadotropic hypogonadism, Front. Endocrinol. 10 (2019) 345, https://doi.
org/10.3389/fendo.2019.00345.

S. Bhasin, P.J. Snyder, Testosterone treatment in middle-aged and older men with
hypogonadism, N. Engl. J. Med. 393 (6) (2025) 581-591, https://doi.org/
10.1056/NEJMra2404637.

A.M. Lincoff, S. Bhasin, P. Flevaris, et al., Cardiovascular safety of testosterone-
replacement therapy, N. Engl. J. Med. 389 (2) (2023) 107-117, https://doi.org/
10.1056/NEJMo0a2215025.

F. Bonnet, P. Vaduva, B. Balkau, et al., Testosterone therapy and the risk of atrial
fibrillation, venous thromboembolism and cardiovascular events in cis men with
hypogonadism and trans men, Eur. J. Endocrinol. 193 (3) (2025) 374-382, https://
doi.org/10.1093/ejendo/lvaf183.

G.A. Kanakis, R. Pofi, D.G. Goulis, et al., EMAS position statement: testosterone
replacement therapy in older men, Maturitas 178 (2023) 107854, https://doi.org/
10.1016/j.maturitas.2023.107854.

K.M. Pencina, T.G. Travison, A.S. Artz, et al., Efficacy of testosterone replacement
therapy in correcting anemia in men with hypogonadism: a randomized clinical
trial, JAMA Netw. Open 6 (10) (2023) 2340030, https://doi.org/10.1001/

jamanetworkopen.2023.40030.

P.J. Snyder, S. Bhasin, G.R. Cunningham, et al., Effects of testosterone treatment in
older men, N. Engl. J. Med. 374 (7) (2016) 611-624, https://doi.org/10.1056/
NEJMoal506119.

B.B. Yeap, B.D. Anawalt, Endogenous testosterone, testosterone treatment, and
cardiovascular health outcomes in men, J. Clin. Endocrinol. Metab. 111 (2) (2026)
e339-e351, https://doi.org/10.1210/clinem/dgaf622.

P.J. Snyder, D.L. Kopperdahl, A.J. Stephens-Shields, et al., Effect of testosterone
treatment on volumetric bone density and strength in older men with low
testosterone: a controlled clinical trial, JAMA Intern. Med. 177 (4) (2017) 471,
https://doi.org/10.1001/jamainternmed.2016.9539.

P.J. Snyder, D.C. Bauer, S.S. Ellenberg, et al., Testosterone treatment and fractures
in men with hypogonadism, N. Engl. J. Med. 390 (3) (2024) 203-211, https://doi.
org/10.1056/NEJMoa2308836.

V. Rochira, L. Antonio, D. Vanderschueren, EAA clinical guideline on management
of bone health in the andrological outpatient clinic, Andrology 6 (2) (2018)
272-285, https://doi.org/10.1111/andr.12470.

A. Qaseem, C.A. Horwitch, S. Vijan, I. Etxeandia-Ikobaltzeta, D. Kansagara, for the
Clinical Guidelines Committee of the American College of Physicians*,
Testosterone treatment in adult men with age-related low testosterone: a clinical
guideline from the American College of Physicians, Ann. Intern. Med. 172 (2)
(2020) 126-133, https://doi.org/10.7326/M19-0882.

J. Hudson, M. Cruickshank, R. Quinton, et al., Symptomatic benefits of testosterone
treatment in patient subgroups: a systematic review, individual participant data
meta-analysis, and aggregate data meta-analysis, Lancet Healthy Longev. 4 (10)
(2023) e561-e572, https://doi.org/10.1016/52666-7568(23)00169-1.

S. Basaria, Testosterone therapy in older men with late-onset hypogonadism: a
counter-rationale, Endocr. Pract. 19 (5) (2013) 853-863, https://doi.org/10.4158/
EP13318.RA.

M. Grossmann, A.M. Matsumoto, A perspective on middle-aged and older men with
functional hypogonadism: focus on holistic management, J. Clin. Endocrinol.
Metab. 102 (3) (2017) 1067-1075, https://doi.org/10.1210/jc.2016-3580.

C. Wang, E. Nieschlag, R.S. Swerdloff, et al., ISA, ISSAM, EAU, EAA and ASA
recommendations: investigation, treatment and monitoring of late-onset
hypogonadism in males, Aging Male 12 (1) (2009) 5-12, https://doi.org/10.1080/
13685530802389628.


https://doi.org/10.1016/j.urology.2024.12.036
https://doi.org/10.3390/biom15111521
https://doi.org/10.1210/jc.2007-1972
https://doi.org/10.1530/EJE-12-0890
https://doi.org/10.1530/EJE-12-0890
https://doi.org/10.1210/clinem/dgaf652
https://doi.org/10.1111/cen.13484
https://doi.org/10.1111/cen.13484
https://doi.org/10.1093/jsxmed/qdad025
https://doi.org/10.1007/s11154-022-09765-2
https://doi.org/10.1007/s11154-022-09765-2
https://doi.org/10.3390/cells15020158
https://doi.org/10.3390/cells15020158
https://doi.org/10.1530/EJE-21-0473
https://doi.org/10.1530/EJE-21-0473
https://doi.org/10.1210/clinem/dgae249
https://doi.org/10.1210/clinem/dgae249
https://doi.org/10.1530/EJE-12-0955
https://doi.org/10.1530/EJE-12-0955
https://doi.org/10.3389/fnut.2026.1775651
https://doi.org/10.3389/fnut.2026.1775651
https://doi.org/10.1093/humupd/dmx012
https://doi.org/10.1093/humupd/dmx012
https://doi.org/10.1111/andr.70022
https://doi.org/10.1186/s12958-025-01425-9
https://doi.org/10.1186/s12958-025-01425-9
https://doi.org/10.1007/s12603-016-0698-x
https://doi.org/10.3389/fendo.2019.00345
https://doi.org/10.3389/fendo.2019.00345
https://doi.org/10.1056/NEJMra2404637
https://doi.org/10.1056/NEJMra2404637
https://doi.org/10.1056/NEJMoa2215025
https://doi.org/10.1056/NEJMoa2215025
https://doi.org/10.1093/ejendo/lvaf183
https://doi.org/10.1093/ejendo/lvaf183
https://doi.org/10.1016/j.maturitas.2023.107854
https://doi.org/10.1016/j.maturitas.2023.107854
https://doi.org/10.1001/jamanetworkopen.2023.40030
https://doi.org/10.1001/jamanetworkopen.2023.40030
https://doi.org/10.1056/NEJMoa1506119
https://doi.org/10.1056/NEJMoa1506119
https://doi.org/10.1210/clinem/dgaf622
https://doi.org/10.1001/jamainternmed.2016.9539
https://doi.org/10.1056/NEJMoa2308836
https://doi.org/10.1056/NEJMoa2308836
https://doi.org/10.1111/andr.12470
https://doi.org/10.7326/M19-0882
https://doi.org/10.1016/S2666-7568(23)00169-1
https://doi.org/10.4158/EP13318.RA
https://doi.org/10.4158/EP13318.RA
https://doi.org/10.1210/jc.2016-3580
https://doi.org/10.1080/13685530802389628
https://doi.org/10.1080/13685530802389628

	Hypogonadism in aging men: Impact of comorbidities, diagnosis and treatment
	1 Introduction
	2 Clinical presentation of male hypogonadism
	3 Diagnosis
	4 Comorbidities and hypogonadism
	5 Age and testosterone levels
	6 Impact of testosterone replacement therapy on metabolic health
	7 Testosterone and cardiovascular risk
	8 Other benefits and risks of TRT
	9 TRT: when and how
	10 Treatment monitoring
	11 Conclusion
	Contributors
	Provenance and peer review
	Declaration of Generative AI and AI-assisted technologies in the writing process
	Funding
	Declaration of competing interest
	References


