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Abstract
Background: This systematic review examines the physiological basis of age-related
testosterone decline and the acute and chronic effects of different exercise protocols
on testosterone levels. This study aimed to evaluate the influence of different training
modalities on testosterone responses and explore the potential relevance of these findings
to age-related hormonal changes, including andropause. Methods: A systematic
literature searchwas performed in PubMed,Web of Science, Scopus, andGoogle Scholar
from July to October 2025. Studies were considered for inclusion if they investigated
the acute and chronic effects of various exercise protocols on testosterone levels and
andropause-related outcomes in humans. Twenty studies met the eligibility criteria
after the screening process and were included in the qualitative synthesis. Results:
This bidirectional effect of exercise on testosterone might play a role in maintaining
anabolic–catabolic balance andmay be relevant to the physiological processes associated
with andropause in older men. Regular, age-appropriate, and capacity-appropriate
exercise programs might support testosterone regulation; however, their direct effects
on andropause-related symptoms are unclear. While these findings provide important
insights into exercise-induced hormonal regulation, most of the included studies were
conducted in younger, healthy, or athletic populations. Therefore, the observed
responses should primarily be interpreted asmechanistic or physiological evidence rather
than direct clinical evidence applicable to men experiencing andropause. Conclusions:
In conclusion, exercise-based lifestyle interventions could represent a promising
supportive strategy for maintaining testosterone homeostasis and mitigating the features
associated with age-related decline in testosterone levels. However, since most of
the included studies were conducted in younger, athletic, or otherwise non-clinical
populations, the current evidence should be interpreted primarily as mechanistic and
supportive rather than as direct clinical evidence for men with established andropause.
The PROSPERO Registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420261345492, CRD420261345492.
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1. Introduction

The beneficial effects of exercise on human health are well-
established [1–3]. Regular exercise enhances metabolic con-
trol, cardiovascular health, musculoskeletal health, and psy-
chological wellbeing [4–9]. Evidence is mounting that exer-
cise induces physiological adaptations of the endocrine system
that are required for maintenance of homeostasis and response
to environmental stressors [10]. Despite these well-known
benefits, physical inactivity is highly prevalent worldwide and
associated with accelerated functional decline and increased
risk of age-related disorders. Many studies have shown that

long-term and regular exercise extends life span and delays the
appearance of cardiovascular and metabolic diseases [8, 11–
14].

Andropause, or late-onset hypogonadism (LOH), is one of
the most common examples of changes in men’s hormones that
are associated with aging. Andropause is characterized by a
gradual decline in testosterone levels, usually starting after age
40 years of age [15–19]. This decline is gradual rather than
abrupt, unlike menopause, and does not always present with
clinically specific symptoms. The decrease in testosterone
has been associated with decreased muscle mass, decreased
libido, fatigue, mood disturbances, and diminished physical
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performance [18–23]. Although criteria for diagnosis are
still debated, age-related testosterone decline is increasingly
recognized as a contributor to functional deterioration in older
men [19].

With age, the risk of developing chronic diseases such as
diabetes, sarcopenia, cardiovascular disease, osteoporosis, and
neurodegenerative diseases increases [11, 24]. Important con-
tributors to this decline are considered to be testosterone de-
ficiency and physical inactivity. Understanding how different
exercise modalities influence testosterone levels is important
in the context of aging, given the interaction between physical
activity and endocrine regulation. While prior research has
explored the effects of exercise and testosterone, a comprehen-
sive review systematically comparing the acute and chronic
effects of different training protocols, such as high-intensity
interval training (HIIT), resistance, aerobic, and sprint interval
training, on andropause risk is missing. The purpose of our
study was therefore to analyse the acute and chronic effects of
different training protocols on testosterone levels and whether
the results are relevant to the age-related decline in testos-
terone levels. In this setting, we investigated the physio-
logical and mechanistic aspects of exercise, without making
direct clinical inferences regarding the effects of andropause.
Furthermore, this study provides an evidence-based approach
for exercise prescription during andropause and directs future
studies toward understanding the molecular mechanisms un-
derlying exercise-induced hormonal adaptations. However, it
is important to note that much of the evidence in this area
comes from younger or athletic populations and is not directly
applicable to specific populations with andropause.

2. Methods

The current systematic review aimed to examine the acute and
chronic effects of different training protocols on testosterone
levels in association with the risk of andropause. Database
searching identified a total of 85 records. Following screening
of titles and abstracts, 65 records were excluded for irrelevance
or failure to meet the eligibility criteria. The remaining 20 full-
text articles were assessed for eligibility; all met the inclusion
criteria and were incorporated into the qualitative synthesis.
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flowchart of the study is presented
in Fig. 1 (See the PRISMA checklist in the Supplementary
material).

All screening and eligibility assessments were performed
independently by two reviewers using predefined inclusion
and exclusion criteria. Discrepancies were discussed in con-
sensus meetings after each screening stage, and unresolved
disagreements were resolved by a third reviewer. Although
a formal inter-rater reliability coefficient was not calculated, a
structured dual-review process and consensus-based resolution
were implemented to enhance methodological reproducibility.
The methodological approach was developed in accordance
with the framework of the Joanna Briggs Institute (JBI) [25].

2.1 Literature review strategy
PubMed, Web of Science, Google Scholar, and Scopus
databases were searched between July 2025 and October
2025. The search process was conducted systematically
using predefined keywords and their relevant combinations
to ensure comprehensive coverage of the literature. Searches
were limited to studies published in English and were all
conducted in humans (Table 1, Ref. [4, 9, 10, 13, 26–41]).
Detailed search strategies and additional supporting infor-

mation are provided in the Supplementary material.
While some studies included both male and female partic-

ipants, this review focuses on andropause in men; therefore,
only data from men were used.
The following keywords and combinations were used in the

search process:
“exercise and testosterone”, “resistance training and

testosterone”, “endurance training and testosterone”, “high-
intensity interval training and testosterone”, “training
protocols and testosterone”, “acute testosterone effect”,
“chronic testosterone effect”, “andropause”, “hypogonadism”,
“andropause and exercise”, and “hypogonadism and exercise”.
An example of the search syntax applied in PubMed is:
“testosterone” AND (“exercise” OR “resistance training” OR
“endurance training” OR “HIIT”) AND (“andropause” OR
“hypogonadism”). The same keywords, Boolean operators,
and search combinations were applied consistently across all
databases (PubMed, Web of Science, Scopus, and Google
Scholar) during the literature search process. Searches were
performed in the title, abstract, and keyword fields when
possible. The last search was repeated on 31 October 2025,
before final synthesis to ensure that the database search was
up to date. Duplicate detection was performed by manually
cross-checking author names, publication years, and article
titles across databases.

2.2 Risk of bias and study quality
assessment
The methodological quality of the included studies was
assessed using an author-adapted risk-of-bias framework
informed by the JBI checklist for quasi-experimental studies
and tailored to the methodological characteristics of exercise
intervention research [25]. Five key methodological domains
were evaluated: (1) group comparability, (2) validity of
testosterone measurement, (3) control of major confounding
factors, (4) completeness of outcome reporting, and (5) clarity
of intervention procedures. Each domain was scored as 1
(yes) or 0 (no or uncertain). Based on the total score, studies
that scored 4–5 were classified as low-risk, 3 as medium-risk,
and 0–2 as high-risk (Table 2, Ref. [4, 9, 10, 13, 25–41]).
Because the included studies comprised acute crossover
experiments, chronic training interventions, pre–post quasi-
experimental trials, and mixed repeated-measures designs, the
direct application of the fully revised JBI quasi-experimental
checklist was considered methodologically suboptimal.
Therefore, an author-adapted framework was developed by
mapping the most exercise-relevant JBI domains onto five
harmonized methodological dimensions. Specifically, group
comparability reflects baseline equivalence or within-subject
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FIGURE 1. PRISMA research flow diagram.

temporal consistency; testosterone measurement validity
corresponds to the JBI outcome measurement domain;
confounder control integrates key endocrine modifiers, such
as circadian timing, fasting, sleep, and prior exercise; outcome
completeness reflects follow-up and reporting integrity; and
intervention clarity corresponds to the reproducibility of the
intervention protocol. This simplification was intentionally
designed to improve comparability across heterogeneous
exercise designs rather than to replace formal, study-specific
appraisal tools. Therefore, the high proportion of studies
categorized as low-risk should be interpreted as indicating
generally adequate reporting of core exercise-endocrine
methods rather than uniformly high methodological rigor
across all epidemiological domains.
In this study, we included two studies despite their moderate

risk scores. First, Kuusi et al. [36] (1984) was one of the
first studies relevant to our research topic, and excluding such
an early and highly cited study could lead to systematic bias;

therefore, we included the study. Second, Moravej et al.
[38] (2023) was included because it provides data on a rare
adolescent sample and reported findings consistent with other
low-risk studies.

2.3 Study selection criteria
Database searches were completed, and duplicated records
were removed. Then, titles and abstracts were checked for
relevance. Full-text articles were reviewed to see if they
met the set inclusion and exclusion criteria. Studies were
included if they involved human male participants, examined
exercise or training interventions, and reported results related
to testosterone levels. Studies using animal models, case
reports, or those without hormonal outcome measures were
excluded.
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TABLE 1. Main characteristics of the studies included in the systematic review.
Study reference Title N Age

(mean ±
SD)

Fitness level Exercise modality
(effect type)

Training protocol Timing of sample
collection

(sample type)

Testosterone
response

Ahmadi et al.
[4], 2018 (In-
dexed in ESCI)

Testosterone and cortisol
response to acute intermittent
and continuous aerobic exercise

in sedentary men

11 22.3 (1.9) Non-trained Acute intermittent
exercise, running

(acute)

1-week, two sessions per
week, 40 min per session

Pre–post exercise
(serum)

IE (+), CE
(//)

Zar et al. [9],
2021 (Indexed
in Scopus)

Effects of morning and
afternoon high-intensity
interval training (HIIT) on
testosterone, cortisol and
testosterone/cortisol ratio
response in active men

11 19.8 (1.0) Active HIIT, running (acute) Two trials (7-day interval),
each consisting of 5 × 40 m

sprints with 30 s rest

Pre-post
(morning and

afternoon)/serum

Morning
(//),

afternoon
(+)

Purnomo et al.
[10], 2023 (In-
dexed in ESCI)

Acute and adaptation effect of
high-intensity interval training
on testosterone, cortisol and
performance among collegiate

running athletes

20 20.2 (0.7) Athletes HIIT, running (acute
and chronic)

6-week, three sessions per
week (sets lasting

approximately 1 hour)

Pre–post exercise
(serum and
saliva)

After each
set (acute,
+), after 6
weeks (//)

Velasco-
Orjuela et al.
[13], 2018
(Indexed in
SCIE)

Acute effects of high-intensity
interval, resistance or combined

exercise protocols on
testosterone-cortisol responses

in inactive overweight
individuals

51 23.6 (3.5) Physically
inactive,
overweight
adults

HIIT with resistance
training (RT) (acute)

HIIT (4 × 4 min
high-intensity intervals with
4 min active recovery),

resistance training (strength
training, 12–15 repetitions
per set with 60 s rest), HIIT
with resistance training
(combined protocol)

Pre- and 1-min
post-

exercise/serum

HIIT (//),
resistance
training (//),
HIIT with
resistance
training (//)

Williams et al.,
2018 [26] (In-
dexed in SCIE)

The effect of lower limb
occlusion on recovery

following sprint exercise in
academy rugby players

24 21.8 (3.0) Athletes Repeated sprint
training, running

(acute)

4–5 days a week, 1–2
sessions per day during

preseason

Pre–post exercise
(saliva)

+

Vieira et al.
[27], 2018
(Indexed in
SCIE)

Concurrent training protocol
for men with androgen

deficiency in the aging male: a
randomized clinical trial

58 Between
40–59

years old

Healthy
Subjects

Aerobic and
resistance training

(chronic)

3 times/week for 6 months Baseline, 1st
month, 3rd
month, post-

intervention/serum

+

Zurek et al.
[28], 2022
(Indexed in
SCIE)

Effects of Dominance and
Sprint Interval Exercise on
Testosterone and Cortisol

Levels in Strength-,
Endurance-, and Non-Training

Men

96 21.3 (1.8) Active Sprint interval
training, running

(acute)

5 × 10 s all-out bouts with a
50 s active recovery

Unstimulated (at
rest): 10 min
before and 12
min after

exercise/saliva

//
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TABLE 1. Continued.
Study reference Title N Age

(mean ±
SD)

Fitness level Exercise modality
(effect type)

Training protocol Timing of sample
collection

(sample type)

Testosterone
response

Adebero et al.
[29], 2019 (In-
dexed in SCIE)

Salivary and serum
concentrations of cortisol and
testosterone at rest and in

response to intense exercise in
boys versus men

30 14.3
(1.9)/21.7
(3.1)

Athletes HIIT, swimming
(acute)

Swim-bench maximal
strength task and an all-out
200 m swim, high-intensity
interval swimming (5 × 100
m, 5 × 50 m, and 5 × 25 m)

Pre-exercise +15
min post-exercise

(saliva and
serum)

Serum (−),
saliva (//)

Ambroży et al.
[30], 2021 (In-
dexed in SCIE)

The effect of high-intensity
interval training periods on

morning serum testosterone and
cortisol levels and physical

fitness in men aged 35–40 years

30 37.7 (1.9) Active HIIT, strength and
endurance training

(chronic)

8-week, three sessions per
week, 60 min per session

Pre–post exercise
(serum)

+

Chasland et al.
[31], 2021 (In-
dexed in SCIE)

Testosterone and exercise:
effects on fitness, body

composition, and strength in
middle-to-older-aged men with
low-normal serum testosterone

levels

80 Between
50–70

years old

Non-active A circuit of eight
resistance (Cybex)
and eight cycling
(Monark) stations
performed for 45 s
each, with 15 s

transition intervals
(chronic)

12-week randomized,
placebo-controlled trial

Pre–post exercise
(serum)

+

Cobo et al.
[32], 2017
(Indexed in
SCIE)

Hypogonadism associated with
muscle atrophy, physical
inactivity, and ESA

hyporesponsiveness in men
undergoing hemodialysis

57 65
(49–80)

Hypogonadal
patients

Physical activity,
walking with a

Geonaute-onstep-
400® pedometer

(acute)

6 consecutive days (two HD
days, two HD-free midweek
days, and two HD-free

weekend days)

Pre–post exercise
(plasma)

+

Cofré-Bolados
et al. [33],
2019 (Indexed
in SCIE)

Testosterone and cortisol
responses to HIIT and

continuous aerobic exercise in
active young men

13 20.2 (2.1) Active HIIT, running (acute) Once per week, 20 min per
session

Pre-exercise,
post-exercise,
and 12-hour
post-exercise
(plasma)

Pre–post
exercise (+),
12-hour post
training (−)

Crewther et al.
[34], 2017 (In-
dexed in SCIE)

Is salivary cortisol moderating
the relationship between
salivary testosterone and

hand-grip strength in healthy
men?

65/15 22.6 (4.9) Active Repeated sprint
training, cycling

(acute)

1-week, three sessions per
week (sets lasting

approximately 1 hour)

−5 min
pre-exercise and
+15 min post-test

(saliva)

+

Hawkins et al.
[35], 2008 (In-
dexed in SCIE)

Effect of exercise on serum sex
hormones in men: a 12-month

randomized clinical trial

102 56.2 (6.7) Non-active Moderate intensity
aerobic exercise,

running and cycling
(chronic)

Aerobic physical exercise
intervention (60 min per
day for 6 days per week)

Baseline, 3, and
12 months
(serum)

//
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TABLE 1. Continued.
Study reference Title N Age

(mean ±
SD)

Fitness level Exercise modality
(effect type)

Training protocol Timing of sample
collection

(sample type)

Testosterone
response

Kuusi et al.
[36], 1984
(Indexed in
SCIE)

Acute effects of marathon
running on levels of serum
lipoproteins and androgenic
hormones in healthy males

20 33.9 (2.7) Athletes Marathon running
(acute)

42.2 km marathon run Pre–post exercise
(serum)

−

Mangine et al.
[37], 2018 (In-
dexed in ESCI)

Testosterone and cortisol
responses to five high-intensity
functional training competition
workouts in recreationally

active adults

5
male,
5

female

Male:
34.4 (3.8),
Female:
35.5 (7)

Active High-intensity
functional training,
mixed training
(chronic)

5 weeks, utilizes aerobic,
gymnastic, and

weightlifting exercises

Pre-exercise, +30
min, and +60 min
post-exercise

(saliva)

Male (+),
female (+)

Moravej et
al. [38], 2023
(Indexed in
DOAJ)

The effect of high-intensity
strength and endurance training
on cortisol, testosterone, and

physical fitness of
15–20-year-old male

taekwondo athletes in Rasht

20 17.7 (2.3) Athletes High-intensity
strength and

endurance training,
mixed training
(chronic)

8 weeks, endurance training
(e.g., running and jumping
rope), resistance training
(e.g., chest press, squats,
front and back lats, front

lunges, front arm, back arm,
and back thigh)

Pre–post exercise
(serum)

+

Schwanbeck et
al. [39], 2020
(Indexed in
SCIE)

Effects of Training with Free
Weights Versus Machines on
Muscle Mass, Strength, Free
Testosterone, and Free Cortisol

Levels

15
male,
16

female

Male: 22
(3),

female:
23 (4)

Healthy
Subjects

Free weights or
machines for 8
weeks (chronic)

With each muscle group
trained 2–3 times per week,
3–4 sets of 4–10 repetitions

Pre–post exercise
(saliva)

Male (+),
female (//)

Sellami et al.
[40], 2018 (In-
dexed in SCIE)

The effect of acute and chronic
exercise on steroid hormone
fluctuations in young and

middle-aged men

32 21 (1)/41
(3)

Trained Repeated sprint
training, cycling

(acute and chronic)

13 weeks, combined sprint
and resistance training

Pre-exercise,
post-exercise,
and 10 min
post-exercise
(serum)

Young (+),
middle-aged

(+)

Smith et al.
[41], 2013
(Indexed in
SCIE)

Dihydrotestosterone is elevated
following sprint exercise in

healthy young men

14 28.3 (4.1) Active Repeated sprint
training, cycling

(acute)

40 min cycling (10 × 30 s) Pre-exercise, +5
min, and +60 min
post-exercise
(serum)

+

- SD: Standard Deviation; HIIT: high-intensity interval training; RT: Resistance Training; IE: Intermittent Exercise; CE: Continuous Exercise; HD: Hemodialysis; SCIE: Science
Citation Index Expanded; ESCI: Emerging Sources Citation Index; DOAJ: Directory of Open Access Journals; ESA: Erythropoietin-Stimulating Agents.
- Serum/Plasma Testosterone Studies (n = 13), Salivary Testosterone Studies (n = 5), Combined Sampling Studies (n = 2). Symbols: +: increase; −: decrease; //: no change.
- Serum and plasma measurements reflect total testosterone concentrations, whereas salivary testosterone represents free testosterone levels. Studies were categorized according to
sampling matrix and temporal nature of exercise exposure (acute vs. chronic) to improve methodological clarity.
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TABLE 2. Risk of bias assessment of included studies.
Study reference Group comparability1 Testosterone

measurement
validity2

Confounder control3 Outcome completeness4 Intervention clarity5 Score Overall risk

Ahmadi et al. [4], 2018 1 1 1 1 1 5 Low
Zar et al. [9], 2021 1 1 1 1 1 5 Low
Purnomo et al. [10], 2023 0 1 1 1 1 4 Low
Velasco-Orjuela et al. [13], 2018 1 1 1 1 1 5 Low
Williams et al. [26], 2018 1 1 1 1 1 5 Low
Vieira et al. [27], 2018 1 1 1 1 1 5 Low
Zurek et al. [28], 2022 1 1 1 1 1 5 Low
Adebero et al. [29], 2019 1 1 1 1 1 5 Low
Ambroży et al. [30], 2021 1 1 0 1 1 4 Low
Chasland et al. [31], 2021 1 1 1 1 1 5 Low
Cobo et al. [32], 2017 0 1 1 1 1 4 Low
Cofré-Bolados et al. [33], 2019 1 1 0 1 1 4 Low
Crewther et al. [34], 2017 1 1 0 1 1 4 Low
Hawkins et al. [35], 2008 1 1 1 1 1 5 Low
Kuusi et al. [36], 1984 0 1 0 1 1 3 Moderate
Mangine et al. [37], 2018 1 1 0 1 1 4 Low
Moravej et al. [38], 2023 0 1 0 1 1 3 Moderate
Schwanbeck et al. [39], 2020 1 1 1 1 1 5 Low
Sellami et al. [40], 2018 1 1 1 1 1 5 Low
Smith et al. [41], 2013 1 1 1 1 1 5 Low
1Group comparability refers to the appropriateness of group structure, including control conditions, baseline similarity, or pre–post design consistency.
2Measurement validity refers to the use of clearly described serum, plasma, or salivary testosterone assessment methods with standardized timing.
3Confounder control includes consideration of major factors affecting testosterone response such as age, circadian timing, fasting status, sleep, prior exercise, and training status.
4Outcome completeness refers to complete reporting of testosterone values and statistical outcomes.
5Intervention clarity refers to the clear description of exercise modality, duration, intensity, and frequency.
Each domain was scored as 1 (yes) or 0 (no/unclear). Total scores of 4–5 were classified as low risk, 3 as moderate risk, and 0–2 as high risk of bias.
Adapted from the JBI revised critical appraisal framework for quasi-experimental studies [25].
Importantly, the predominance of low-risk ratings may partly reflect the fact that most studies were tightly controlled laboratory-based exercise experiments with standardized intervention
delivery and clearly timed hormonal sampling, which inherently score favorably in domains related to intervention clarity and outcome measurement. As summarized in Table 2, most
of the included studies achieved scores of 4 or 5, indicating an overall low risk of bias in the studies. Studies with a score of 3 were classified as moderate risk, most commonly due to
limited control of confounding variables in acute exercise settings or the absence of formal group randomization. No study was categorized as having a high risk of bias.
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2.3.1 Inclusion criteria
• We included studies involving male participants in adoles-

cent, young adult, middle-aged, and older age groups. Since
the research aimed to assess testosterone responses to exercise
throughout the lifecycle of men and investigate their relation-
ship with age-related testosterone decline, studies involving
adolescent male athletes that provide mechanistic information
on acute endocrine responses were also included.
• Experimental designs examining acute and/or chronic

training interventions.
• Research evaluating circulating testosterone levels (i.e.,

serum, plasma, or saliva) measured using validated biochemi-
cal methods.
• Original articles published in peer-reviewed academic

journals.

2.3.2 Exclusion criteria
• Observational studies and case reports.
• Publications with inadequate testosterone measurement

reporting.
• Studies with insufficient methodological information or

that addressed irrelevant topics.
• Short reports and abstracts.

2.4 Data evaluation process
All selected articles were examined for content, methodologi-
cal quality, and outcome themes. The findings were evaluated
using a thematic analysis approach and synthesized under the
headings of physiological basis of testosterone, effects of ex-
ercise on the endocrine system, hormonal responses according
to exercise types, and clinical implications during andropause.
Data were independently collected by two reviewers using a
pre-designed extraction template that documented study char-
acteristics, participant demographics, intervention protocols,
duration, testosterone assessment methods, and primary out-
comes. The obtained data were qualitatively integrated, and
findings from the literature were interpreted comparatively.
This study did not rely on primary data collection and included
only an analysis of existing literature.

3. Results

For the purposes of this study, the relevant literature is system-
atically summarized and synthesized below.

3.1 Physiological foundations of
andropause
Andropause is an important biological transitional period that
individuals encounter in their lifespan, and it is often sur-
rounded by misunderstandings and social stigmas. This pro-
cess, which marks the end of the reproductive period, is con-
sidered a universal biological transition in human life [33, 42].
The aging process is characterized by numerous physiologi-

cal changes, including a decrease in anabolic hormones, an in-
crease in catabolic activity, loss of muscle strength, decreased
functional performance, and cognitive decline. Exercise stands
out as an effective strategy for reducing age-related hormonal
imbalances [22, 43, 44]. Physical exercise plays a crucial role

in maintaining and restoring endocrine system functions that
decline with aging. Exercise not only supports the overall
activity of the endocrine system but also enhances the local
effects of sex steroid hormones in tissues. These local effects
can be more decisive than circulating hormone levels in main-
taining skeletal muscle function [45].
In men, sex steroid hormones are primarily secreted by the

testes and adrenal glands. Andropause is characterized by a
gradual decrease in total and bioavailable testosterone levels
due to a decrease in the number of Leydig cells and a loss
of functional capacity. Age-related decreases in episodic and
stimulated release of gonadotropins are also observed. In
healthy men aged 25–75 years, a decrease of approximately
30–35% in total circulating testosterone levels is observed,
while free testosterone concentration decreases by approxi-
mately 50% during the same period due to an increase in sex
hormone-binding globulin (SHBG) levels. In parallel, aging
causes a decrease in both testosterone levels and estradiol con-
centrations [19, 22, 45]. The rate-limiting step in testosterone
synthesis is regulated by the Steroidogenic Acute Regulatory
(StAR) protein, which facilitates the transport of cholesterol
across the mitochondrial membrane to initiate steroidogenesis.
Impaired expression or function of StAR can lead to reduced
testosterone production [46].
Men experience psychological problems at different times

of their lives. Often these problems are aggravated during
andropause. For example, sexual function is optimal between
15 and 30 years of age when testosterone levels are at their
maximum. However, these levels decrease significantly with
age. Testosterone levels in young men are usually above 1000
ng/dL, but this value declines to an average of approximately
200 ng/dL in men aged 80 years. This can contribute to a
reduction in sexual desire of about 80% during andropause
[43].
Andropause management is a holistic approach including

lifestyle changes and medical treatments when necessary. Ag-
ing along with a sedentary lifestyle, are two major factors
that can have a profound effect on men’s health, and they can
reinforce each other. Sedentary behaviour is both a cause and
a consequence of declining testosterone levels. The best way
to break this vicious cycle is regular and conscious physical
activity. Exercise is a safe and effective anti-aging strategy
based on evidence, and it plays an important role in improving
quality of life and healthy lifespan [11, 18].
One of the major challenges in the assessment of testos-

terone deficiency in young men is the lack of consensus on
what is a normal testosterone level. The American Urological
Association recommends using a lower limit of 300 ng/dL to
define low testosterone. However, this threshold has limited
validity for young men, as it is mainly based on studies per-
formed in men older than 45 years. Testosterone levels also
naturally decline with age in men. There are differences in
the literature and among professional organizations regarding
this threshold value: the American Society of Clinical Endocri-
nologists (200 ng/dL), the Endocrine Society (264 ng/dL), the
British Society for Sexual Medicine (345 ng/dL), the European
Urological Society (345 ng/dL), the International Society for
Sexual Medicine (350 ng/dL), and the International Society
for the Study of Aging Men (350 ng/dL) all report different
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threshold values [47].
Testosterone plays a fundamental role in the regulation of

metabolism, reproductive functions, and mental state. Marked
decreases in blood testosterone levels (<7.0 nM) define the
condition of hypogonadism, which leads to both somatic and
psychological health problems [30, 47, 48]. Pathologies re-
lated to the testes, pituitary gland, hypothalamus, genetic fac-
tors, or the aging process are among the main causes of male
hypogonadism [43].
Hypogonadism is a potentially reversible syndrome charac-

terized by low testosterone levels without an organic pathology
in the hypothalamus–pituitary–gonadal axis. Hypogonadism
most commonly appears as LOH in middle-aged and older
men. However, factors such as obesity, type 2 diabetes, opioid
use, and anabolic steroid abuse can also contribute to this
condition [19, 21, 49].
LOH describes symptomatic testosterone deficiency that

develops with aging and occurs without an organic disorder
in the hypothalamus–pituitary–testis axis. LOH incorporates
elements of primary and secondary hypogonadism due to a
decrease in the number of Leydig cells and their response
to luteinizing hormone (LH). While a compensatory increase
in LH levels keeps testosterone within the normal range in
some individuals (i.e., compensated hypogonadism), primary
hypogonadism can develop if Leydig cell reserves are depleted
[20].
Aging, obesity, a sedentary lifestyle, and chronic diseases

also negatively affect the hypothalamus–pituitary–gonadal
axis, accelerating testosterone decline. Therefore, cases that
can be corrected with lifestyle changes and management of
comorbid conditions are defined as functional hypogonadism
[20]. The first-line treatment for the management of
hypogonadism is lifestyle modification. However, if these
interventions do not adequately increase testosterone levels
within a certain time, hormone replacement therapy (HRT)
and other pharmacological options can be considered. HRT
is considered an effective treatment method for restoring
testosterone levels in appropriate indications [11, 20, 49, 50].

3.2 The role of testosterone and changes
with age
Aging leads to a decline in fundamental physical skills, such
as strength, power, balance, and flexibility, along with neg-
ative changes in body structure [50–52]. This process is
closely related to disruptions in the dynamic regulation of the
hypothalamus–pituitary–testis axis [50]. However, it has been
reported that regular aerobic exercise can reduce or even par-
tially reverse these endocrine changes [8, 45, 53, 54]. Changes
in physical functions and the maintenance of hormonal balance
are among themost important determinants of health status and
functional capacity in older individuals [54, 55].
As human life progresses, major physical and physiological

transformations occur in the organism. Cellular-level changes
in organs responsible for the synthesis of metabolic regulators
and target tissues lead to a decrease in the maximum strength,
mass, and endurance of skeletal muscles. This process can
be monitored using various biomarkers that cause biological
age to differ from chronological age. Among these markers,

testosterone, a steroid hormone belonging to the androgen
group, stands out as one of the most crucial indicators of
biological aging [30, 40, 43, 56].
Testosterone is a key hormone produced by Leydig cells

in the testes and plays a crucial role in skeletal muscle de-
velopment, nervous system function, protein synthesis, and
general anabolic processes [4, 9, 28, 33]. While the testes
are the primary production site in men, the adrenal glands
also contribute to testosterone production to a lesser extent
in both sexes [43]. In men, testosterone levels gradually
decrease from age 30–40 years, and this decrease becomes
more pronounced in later life during andropause (or male
menopause) [11, 30, 57, 58]. The decrease in testosterone
levels with age leads to substantial changes in biological,
cognitive, and psychological function [59]. Loss of libido,
mood disorders, low energy levels, decreased muscle mass,
and a deterioration in overall quality of life are frequently
observed during this period. Testosterone levels decrease
every year, and the serum testosterone levels are below the
normal range in about 20% of men at the age of 60 years and in
more than half of men older than 80 years [16, 18, 47, 60, 61].
This reduction is closely related to aging and lifestyle and
environmental factors such as obesity, lack of physical activity,
diabetes, stress, anxiety, burnout, smoking, alcohol use, and
inflammatory processes. For example, testosterone levels in
older men with untreated diabetes have been reported to be
approximately 15% lower than those of men without diabetes
[11, 52, 59, 62].
Blood levels of testosterone are regulated by a complex

feedback loop between the hypothalamus, anterior
pituitary gland, and the testes. The hypothalamus releases
gonadotropin-releasing hormone (GnRH), which stimulates
LH release. In turn, LH stimulates the Leydig cells in the
testes to produce testosterone. At the same time, follicle-
stimulating hormone, secreted from the anterior pituitary,
has a direct effect on spermatogenesis [18, 22, 43, 48]. The
number of Leydig cells decreases, as does their sensitivity to
LH, with aging. In addition, the hypothalamus secretes less
GnRH, which disrupts the normal daily rhythm of testosterone
secretion. Furthermore, levels of SHBG increase with age,
and this reduces free circulating testosterone, limiting its
bioavailability in tissues [11, 22, 43, 52].
Testosterone is an important hormone for sexual function as

well as for overall metabolic balance. Testosterone promotes
muscle tissue development by supporting protein synthesis;
stimulates erythropoiesis in the bone marrow; and regulates
bone formation, lipid and carbohydrate metabolism, liver func-
tion, and prostate gland enlargement. Therefore, while low
testosterone levels might not affect all target organs equally,
they have multifaceted consequences at the systemic level
[10, 38, 43].
Testosterone deficiency triggers multifaceted health

problems by causing abnormalities in body composition
[11, 63–65]. Low testosterone levels are associated with a
wide range of symptoms in cardiovascular (e.g., hypertension
and ischemia), metabolic (e.g., insulin resistance and
diabetes), psychological (e.g., depression, fatigue, difficulty
concentrating, and anger), physical (e.g., muscle and
bone loss), and sexual (e.g., decreased libido and erectile
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dysfunction) areas. Increased visceral fat accumulation and
decreased muscle mass (i.e., sarcopenia) are particularly
prominent features of reduced testosterone. Increased
visceral fat increases the risk of metabolic syndrome and
cardiovascular disease, while sarcopenia leads to loss of
physical performance and limits mobility. Furthermore,
testosterone deficiency reduces bone mineral density,
increasing the risk of osteoporotic fractures. All these effects
increase the individual’s fragility and significantly raise
morbidity and mortality rates [8, 20, 23, 63, 66].
Participation in physical activity generally decreases with

age; however, regular exercise has pronounced positive ef-
fects on physiological systems in older individuals. Exercise
can improve overall health and quality of life by slowing
down age-related hormonal and metabolic decline. Exercise
also contributes to the prevention of chronic diseases and
disabilities and plays an important role in maintaining the
functional integrity of the endocrine system [8, 45, 67]. In
this context, strategies to reduce the negative effects of aging
include lifestyle changes, medical treatments, and biotechno-
logical approaches. However, among these, the safest, most
accessible, and most effective method to reduce the effects
of aging involves lifestyle modifications based on physical
exercise [11, 67, 68].

3.3 Acute and chronic effects of exercise
types on testosterone release
Aging causes a major decrease in physical function and hor-
monal balance, consequently leading to a decline in an in-
dividual’s strength, endurance, balance, and overall perfor-
mance, whereas exercise can reverse these negative effects
[17, 55, 58, 69]. Studies show that intense exercise increases
circulating hormone concentrations in both young individuals
and adult athletes. In particular, HIIT sessions temporarily
alter the homeostasis of the endocrine system by increasing
both catabolic (e.g., cortisol, adrenaline, and glucagon) and
anabolic (e.g., testosterone, growth hormone, and Insulin-like
Growth Factor 1 (IGF-1)) hormone levels. These hormones
play key roles in energy metabolism, protein synthesis, and
muscle tissue remodeling. Testosterone is one of the main hor-
mones regulating post-exercise protein synthesis and muscle
tissue recovery [29].
Physical exercise initiates numerous physiological adapta-

tions in the endocrine system that maintain the organism’s
internal balance and allow adaptation to environmental de-
mands. At the heart of these regulations is testosterone [7,
29, 70, 71]. Exercise has been shown to have a direct and
significant effect on testosterone levels in men [53, 54, 69].
Indeed, a 6-week exercise program significantly increased total
testosterone levels in older men who previously led a sedentary
lifestyle [17]. Therefore, monitoring testosterone levels is of
great importance for maintaining performance and preventing
overtraining syndrome in athletes [71].
Normal testosterone levels are essential for both physiologi-

cal adaptation and safe exercise participation inmen. Moderate
but regular physical activity has positive effects on erectile
function, libido, and overall sexual satisfaction [62, 72]. How-
ever, exercise can have both beneficial and negative effects on

male reproductive health. The reproductive system is highly
sensitive to the effects of exercise-related stress; therefore,
testosterone release can increase or decrease depending on the
type, duration, and intensity of exercise [62]. As a powerful
stimulant for the endocrine system, exercise directly deter-
mines an individual’s physiological and hormonal responses.
Therefore, knowing the hormonal response to a single exer-
cise session is important for determining appropriate training
strategies [4, 28, 33, 38, 44].
Exercise is one of the most powerful physiological

stimuli for reducing the negative effects of aging. Regular
physical activity is considered one of the most effective
non-pharmacological methods of increasing testosterone
production [44, 73]. The magnitude of the testosterone
response varies depending on parameters such as frequency,
duration, intensity, and type of exercise [9–11, 31, 74].
Physical inactivity is a major risk factor that accelerates
age-related testosterone decline. Low muscle mass,
increased fat tissue, decreased blood flow, increased
stress, and sleep disturbances lead to the suppression of
testosterone synthesis. Visceral fat accumulation increases
the release of inflammatory cytokines, which interfere with
processes involved in testosterone synthesis and disrupt
hypothalamus–pituitary–gonadal axis functioning, further
reducing testosterone production [11, 31, 53, 54].
The hormonal response to exercise is related not only to the

intensity and type of exercise but also to the training history
of individuals. Hormonal adaptations are more balanced in
trained individuals, while more pronounced fluctuations are
observed in untrained individuals [71]. Therefore, the effect
of a particular exercise model can vary depending on the
individual’s fitness level.
When exercise is not performed regularly, muscle mass

decreases, which in turn leads to a decrease in testosterone
synthesis. Inactivity facilitates testosterone decline by in-
creasing the risk of metabolic syndrome, insulin resistance,
and obesity. Furthermore, increased stress levels, along with
increased cortisol secretion, directly suppress testosterone pro-
duction [11, 13, 39]. Thus, a vicious cycle is created between
inactivity and low testosterone levels. Although inactivity is
a cause of reduced testosterone, its deficiency aggravates the
process, which is associated with fatigue, depression, muscle
loss, cognitive impairment, lack of energy, and cardiovascular
disorders [11, 59]. The intensity of these experiences may vary
between individuals. Many of these biological changes also the
basis for psychosocial changes [59].
Different types of exercise elicit different physiological re-

sponses. Acute endurance exercises (e.g., running, cycling,
and swimming) lead to a short-term increase in testosterone
levels, while prolonged, high-volume endurance exercise gen-
erally results in a decrease in testosterone. In contrast, re-
sistance exercises and strength training involving large mus-
cle groups cause both acute and chronic increases in testos-
terone levels. However, increased cortisol secretion in cases
of overexertion and inadequate recovery can suppress testos-
terone synthesis [11, 38, 54].
The magnitude of the hormonal response depends on factors

such as muscle group size, number of sets and repetitions,
and exercise intensity. High-volume resistance training in-
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volving large muscle groups leads to significant increases in
testosterone levels, while prolonged endurance exercise lowers
testosterone levels due to energy deficits and increased cortisol
levels [11, 54]. In this context, HIIT has been found to be
effective in increasing testosterone levels, reducing cortisol
levels, and improving anabolic–catabolic balance, especially
in men aged 35–40 years. Regular HIIT training has been
associated with improved muscle strength, general wellbeing,
and quality of life due to enhanced testosterone levels [30, 38,
43]. In addition, HIIT protocols have been demonstrated to
induce significant changes in biochemical and anthropometric
parameters [75].
In conclusion, exercise has a strong and positive influence

on cardiovascular health and hormonal balance. Regular phys-
ical activity is associatedwith an increase in serum testosterone
levels, which may counteract the adverse effects of age-related
endocrine changes, especially in older adults [67]. Serum
testosterone levels are significantly higher in well-trained older
men, but testosterone levels are much lower in sedentary peo-
ple. Therefore, regular exercise should be considered a funda-
mental lifestyle strategy for preventing age-related testosterone
decline and mitigating the effects of andropause [40, 43, 76].

4. Discussion

The findings were normalized according to three major
methodological and demographic factors: age group, training
status, and testosterone sampling matrix, to account for
variability across studies. The studies were divided into
adolescents (14–20 years), young adults (21–40 years), and
middle-aged to older adults (41–80 years), as well as into
sedentary or insufficiently active, recreationally active, and
athletic populations. Differences in biological sampling
methods were also considered by distinguishing between
serum and plasma (reflecting total testosterone) and saliva
(reflecting free testosterone) samples. This stratification
indicates that the acute increase in testosterone following
high-intensity exercise was more likely to occur in young
and middle-aged physically active men, and that responses
were more variable in older sedentary men with chronically
low baseline levels. Salivary free testosterone responses also
seemed less consistent than serum total testosterone measures,
especially in the older cohorts.
Nevertheless, this should be interpreted with caution, as

most studies were scored as low risk of bias by the adapted
scoring system. In exercise-based designs, the binary scoring
approach may overestimate study quality, as the control of
confounders is often partial. Thus, the large share of studies
classified as low risk is likely to reflect the limitations of
the adapted tool rather than consistently high methodological
quality.
However, while this stratification allows for better inter-

pretability, the included studies were highly heterogeneous
and did not allow for consistent direct comparisons between
subgroups. The wide age range (14 to 80 years), the prevalence
of young and physically active populations, and the hetero-
geneity of training status limit the strength of conclusions from
subgroups. Moreover, variability in findings may be due to
differences in testosterone sampling methods, but the small

number of studies using salivary measures and inconsistencies
in sampling protocols do not allow for definitive comparisons
across matrices. Thus, the observed heterogeneity appears to
be a complex interplay between methodological differences
and participant characteristics rather than the effects of indi-
vidual subgroups.
In addition to the stratified framework previously presented,

the heterogeneity between the 20 studies included in this sys-
tematic review should be taken into account when considering
the results. The participants included in the reviewed studies
ranged in age from 14.3 to 80 years, covering a wide spectrum
from children and adolescents [29, 38] to older adults [31, 32,
35]. Age is one of the primary determinants of testosterone
regulation due to physiological processes (e.g., puberty, an-
dropause, etc.), which represents an important limitation when
interpreting the overall findings. In addition, several factors
may influence both the magnitude and temporal pattern of
testosterone responses to exercise. These include fitness level
(e.g., sedentary individuals to trained athletes), health status
(e.g., healthy participants to patients undergoing hemodialy-
sis), exercise modality (e.g., HIIT, resistance training, running,
cycling, functional training, and sprint interval exercise), and
intervention duration (e.g., acute exercise sessions to 13-week
chronic training protocols). A further important methodologi-
cal factor is the sample matrix (e.g., saliva, serum, or plasma).
Saliva reflects free testosterone, and serum and plasma reflect
the total testosterone concentrations. This difference between
serum/plasma and saliva studies restricts direct comparison of
results. All these factors contribute to the variability reported
between studies and highlight the need for standardized proto-
cols stratified by age groups, fitness level, and health status in
future research.
In addition to these stratified and methodological considera-

tions, the type and intensity of exercise are important determi-
nants of the testosterone response. Of particular importance,
an increasing number of studies indicate that different exer-
cise modes induce different endocrine responses, emphasizing
the significance of training design in modulating hormonal
responses.
Current evidence suggests that exercise-based lifestyle in-

terventions may induce beneficial physiological and hormonal
adaptations. Nevertheless, because the majority of the in-
cluded studies were conducted in young, healthy, or physi-
cally active individuals, these findings should not be directly
interpreted as evidence for reducing the clinical consequences
of andropause in older adult populations. In addition, the
available findings remain inconsistent across studies. While
some studies have reported increases in testosterone concen-
trations after exercise, others have reported neutral results or
even chronic decreases. Such differences are likely attributable
to sample size, participant characteristics, training status, and
methodological procedures, as well as differences in hormonal
sampling and analysis protocols. Therefore, the hormonal
responses evoked by exercise should be consideredwithin their
experimental and contextual factors.
A major challenge is understanding and managing age-

related testosterone decline. In addition to medical treatments
that directly target testosterone production, lifestyle strate-
gies such as regular, well-balanced nutrition, physical activity,
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and sufficient sleep are increasingly emphasised. Moderate-
intensity exercise is one of the most frequently mentioned
effective ways to increase the synthesis of testosterone among
non-pharmacological strategies [11]. Moreover, regular phys-
ical activity is beneficial for maintaining male health and
for preventing and reducing symptoms related to andropause
[58, 60, 64].
Hormonal responses appear to be determined by the nature

and intensity of exercise. Data suggest that interval protocols
may elicit greater endocrine responses than continuous aerobic
exercise. For example, Ahmadi et al. [4] (2018) showed
that acute interval exercise significantly increased testosterone
concentrations, but continuous aerobic exercise did not change
the testosterone level significantly in healthy sedentary indi-
viduals [4]. Such findings support the hypothesis that greater
levels of metabolic stress, neuromuscular activation, and mus-
cle contraction force during interval training can stimulate a
greater neuroendocrine response. Thus, HIIT has received
considerable attention. Several studies have demonstrated
favorable hormonal responses to structured HIIT programs.
Zar et al. [9] (2021) studied the effect of exercise timing and
found a significant increase in testosterone levels after HIIT
only in the afternoon, not in the morning.
Similar results were obtained byAmbroży et al. [30] (2021),

who reported an increase in testosterone levels by 36.7% after
an 8-week training program. In conclusion, these studies
suggest that HIIT may be a useful strategy to counteract age-
related hormonal decline and improve general physical fitness.
However, these positive findings are not consistent across
all studies. Velasco-Orjuela et al. [13] (2018) investigated
the effects of HIIT and resistance training on serum testos-
terone concentrations in overweight physically inactive adults
and did not find significant acute effects. Himel and Keefe
(2025) also proposed that high-intensity of exercise combined
with psychological or physiological stress may interfere with
the hypothalamic–pituitary–gonadal axis and cause functional
hypothalamic hypogonadism [77]. These conflicting results
underscore the importance of participant characteristics (age,
body composition, training history, and baseline hormonal lev-
els) and protocol characteristics (duration, intensity, recovery
intervals, and total workload). The results may be due to
other factors, such as the timing of hormonemeasurements and
circadian rhythm.
Also, the timing of hormonal responses seems to be impor-

tant in addition to the intensity. Some evidence suggests that
post-high-intensity exercise elevations in testosterone are tran-
sient rather than sustained. Cofré-Bolados et al. [33] (2019)
demonstrated a significant increase in plasma testosterone im-
mediately after an HIIT protocol, which returned to baseline
within 12 h. Similarly, Dote-Montero et al. [73] (2021)
speculated that testosteronemay increase after a session, return
to baseline within 15–30 min, and in some cases decrease
below baseline within 60–180 min. These results suggest that
short-term endocrine responses can be robust but transient and
not necessarily representative of longer-term adaptations.
There is additional context from systematic evidence in

older populations. In a review, Zouhal et al. [44] (2022)
reported that HIIT, endurance, and resistance exercise, or
combined protocols, generally increased testosterone concen-

trations in healthy individuals over 40 years of age, while low-
intensity exercise had limited effects. This finding aligns with
the results reported by Zurek et al. [28] (2022), who did
not observe any change in salivary testosterone concentrations
in young, active men after sprint interval training. Such
differences can be explained by variation in training protocols,
subject characteristics, and biological sampling methods.
One major caveat is that most of the studies reporting acute

increases in testosterone after HIIT or sprint interval training
have involved young (18–30 years) physically active men.
Whether these acute responses translate into sustained im-
provements in older men with age-related reductions in testos-
terone remains to be determined. Thus, our findings should
be considered mechanistic evidence of exercise-induced en-
docrine responsiveness and not direct evidence for a treatment
for andropause.
Hormone measurement is fraught with methodological

problems that add to the difficulties of interpretation. Serum
and saliva testosterone levels have been measured, but they are
different physiological fractions. Salivary testosterone levels
represent free (unbound) hormone and are highly sensitive to
sampling conditions, hydration status, storage temperature,
and timing. This has led to several studies reporting a poor
correlation between salivary and serum measurements [56].
Comparative protocols following strenuous exercise have
demonstrated a decrease in serum testosterone [29], but
no change in salivary testosterone. Blood-based measures
are therefore often considered more accurate indicators of
hormonal change, particularly in older individuals [27].
In summary, these findings suggest that exercise-induced

testosterone responses are influenced by complex interactions
among exercise type, intensity, timing, measurement tech-
nique, and subject characteristics. The variability observed
highlights the need for standardized methodologies and well-
controlled long-term studies to elucidate the true magnitude
and clinical significance of these hormonal adaptations.
Endocrine adaptations seem to be more stable with com-

bined interventions and in the long term than with short-term
or single-modality protocols. For example, in men aged 40–
59 years with symptoms of androgen deficiency, a 6-month
program of aerobic and resistance exercise performed 3 days
per week led to significant increases in serum testosterone
levels and marked improvements in clinical symptoms [27].
These results are in agreement with the previous observations
reported by Smith et al. [41] (2013). Likewise, a 13-week
combined sprint and resistance protocol in soldiers increased
basal serum testosterone levels in young and middle-aged men
[40].
In contrast, long-term exercise modes do not elicit similar

endocrine effects. Hawkins et al. [35] (2008) investigated the
effects of moderate-intensity aerobic training for 12 months
in middle-aged men and observed no significant changes in
total or free testosterone levels despite improvements in car-
diopulmonary fitness. Interestingly, the same study reported
an increase in dihydrotestosterone, a more potent androgen, in-
dicating that aerobic exercise can affect androgen metabolism
without directly increasing testosterone synthesis. This finding
underscores that exercise-induced physiological adaptations
can occur through several endocrine pathways and not solely
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through testosterone.
Mangine et al. [37] (2018) observed significant increases in

salivary testosterone concentrations following a 5-week high-
intensity functional training program with 5 recreationally ac-
tive males (mean age 34.4 ± 3.8 years) and 5 recreationally
active females (mean age 35.5 ± 7 years). Similar findings
were reported in another study in which HIIT increased sali-
vary testosterone release rates in 20 young athletes (age 20.2
± 0.7 years) [10]. Similarly, an 8-week HIIT intervention in 20
young male athletes (age 17.7 ± 2.3 years) resulted in higher
serum testosterone levels at the end of the training period [38].
Despite these positive observations, some methodological

limitations related to salivary assessment should be considered.
Because saliva reflects only the free fraction of testosterone,
sampling conditions, timing of sample collection, storage tem-
perature, and individual hydration status could all substantially
affect results. Several studies have shown weak correlations
between salivary and serum testosterone values [56]. In ad-
dition, side-by-side comparisons of biological matrices have
yielded inconsistent findings. For example, saliva and venous
blood samples taken from 30 adolescent swimmers, after a pro-
tocol of intense swimming followed by high-intensity interval
swimming (5 × 100 m, 5 × 50 m, and 5 × 25 m), showed
that serum testosterone was decreased after exercise, whereas
salivary testosterone did not [29]. Such differences emphasize
the importance of the biological matrix in the interpretation
of hormonal responses, with blood-based measures generally
considered the most reliable indicator of endocrine changes,
especially in the older adults [27].
Studies have been conducted comparing resistance modali-

ties and provide additional support for the interaction between
mode of exercise and hormonal response. Schwanbeck et al.
[39] (2020) found that after 8 weeks of training, men had sig-
nificantly greater increases in salivary testosterone when per-
forming free-weight resistance training compared to machine-
based exercises. Because free-weight movements demand
higher levels of balance, stabilization, and central nervous
system activation, they can provoke stronger anabolic and neu-
roendocrine stimulation. These findings reinforce the notion
that both exercise intensity and mechanical and neuromuscular
characteristics influence hormonal adaptations.
Moreover, the relationship between exercise dose and testos-

terone seems to be non-linear. Evidence suggests that very
strenuous or prolonged activities may actually suppress rather
than stimulate. Significant reductions in serum testosterone
concentrations were reported after a marathon run (42.2 km) in
healthy male subjects by Kuusi et al. [36] (1984). This finding
differs from studies reporting increases following resistance
or high-intensity protocols [27, 35] and is consistent with the
concept of a dose-response relationship, where extreme en-
ergy depletion and physiological stress transiently suppress the
hypothalamic–pituitary–gonadal axis. Therefore, increasing
exercise volume does not necessarily lead to better hormonal
outcomes, and the optimal balance between intensity and du-
ration appears to be critical.
The role of exercise is particularly relevant in those with

already low testosterone concentrations, with broader clinical
implications. Low levels of hormones have been associated
with decreased muscle mass, strength, and habitual physical

activity, which may lead to a cycle of functional decline [32].
Structured training programs have the ability to break this
cycle, improving metabolic health, body composition, and
endocrine balance all at the same time. Indeed, exercise
interventions have been reported to be superior to HRT in terms
of physical performance and functional outcomes, as well as in
increasing endogenous testosterone levels [31]. Moreover, the
additive benefits of pharmacological approaches with exercise
have not been consistently documented, emphasizing the inde-
pendent therapeutic value of structured physical activity.
Outside of clinical populations, research investigating the

association between testosterone and performance outcomes
indicates that change in hormone levels should not be consid-
ered in isolation. For example, Crewther et al. [34] (2017)
found that testosterone levels increased by an average of 6.1%
following a sprint training program in healthy, active men.
This suggests endocrine responses are present with perfor-
mance adaptations, but are not the only driving response.
Testosterone is just one component of a complex physiolog-
ical web that is influenced by neuromuscular, metabolic, and
psychological factors.
In summary, the findings suggest that the exercise-induced

testosterone responses are not mediated by a single or uni-
form mechanism. Differences in age, training history, body
composition, duration, intensity, recovery intervals, and sam-
pling procedures strongly contribute to the variability between
studies. Long-term exhaustive endurance training can inhibit
testosterone generation. A more stable avenue to testosterone
production is through resistance training and high-intensity
interval training. This is more likely to produce short-term
gains and more consistent adaptations with continued practice.
Heterogeneity in reported outcomes is also due tomeasurement
techniques (e.g., serum vs. saliva sampling).
In general, literature suggests that exercise is a safer, more

sustainable, and holistic strategy for the prevention and man-
agement of andropause than pharmacological treatment. Im-
portantly, exercise has not only hormonal modulation effects,
but also cardiometabolic health, muscle mass, psychological
well-being, and quality of life benefits. The primary foun-
dation for addressing age-related testosterone decline should
therefore be structured and individualized exercise programs,
rather than pharmacological options.
In this systematic review, testosterone was assessed in dif-

ferent matrices: Serum (n = 10), plasma (n = 3), saliva (n =
5), or both (n = 2). This distinction is methodologically im-
portant because serum and plasma measurements reflect total
testosterone concentrations, including protein-bound (mainly
to SHBG and albumin) and free fractions, whereas saliva rep-
resents the free (biologically active) fraction of testosterone.
These twomeasures are not directly comparable, as free testos-
terone is only 2–3% of total testosterone and may have differ-
ent dynamics in response to exercise. Salivary levels can be
influenced by the salivary flow rate and the collection method.
Serum and plasma levels can be influenced by binding proteins
such as SHBG. Total testosterone concentration measured in
serum or plasma remains the preferred biomarker for diagnosis
of hypogonadism and monitoring of testosterone replacement
therapy in clinical practice. Salivary testing is non-invasive
but poorly standardized clinically and has a weak-to-moderate
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correlation with serum values in older adults. Therefore,
in the context of andropause, measurements of serum total
testosterone are more clinically useful and dependable than
measurements of SHBG.
Most of the included studies were conducted on young

or athletic populations, with only three studies specifically
targeting middle-aged and older men. Therefore, generalizing
these findings to men in andropause should be approached
with caution. Accordingly, findings from adolescent cohorts
should be interpreted primarily as mechanistic evidence of
acute endocrine responsiveness rather than as direct evidence
of LOH or andropause-related interventions.
Notably, most of the included studies were conducted on

young, healthy, and physically active individuals. Therefore,
extrapolation of these findings to aging or clinical populations,
particularly men with andropause, should be approached with
caution. The current evidence does not sufficiently represent
individuals with clinically low testosterone levels.
Two reviewers independently screened and extracted data

and resolved any disagreements by consensus, but formal
inter-rater reliability statistics (e.g., Cohen’s kappa) were not
calculated, which is a methodological limitation affecting the
reproducibility of this study.
Importantly, most of the included studies were conducted

on young, healthy, or athletic populations rather than men
diagnosed with andropause or LOH. As such, the evidence
presented in this review should be considered mechanistic
evidence of exercise effects on testosterone dynamics rather
than direct clinical evidence for the treatment or management
of andropause. Future research should investigate the clinical
relevance of these findings, especially in aging and clinical
populations.

5. Conclusions

The findings of the present systematic review suggest
that testosterone responses are influenced by different
exercise modalities, intensities, and durations. High-intensity
and resistance-based training protocols are frequently
associated with acute increases in testosterone levels;
however, this response is not consistently observed across
all studies. Moreover, these physiological changes do not
necessarily correspond to clinically meaningful benefits,
particularly in populations other than those investigated. In
contrast, prolonged endurance exercise is more commonly
linked to attenuated or unchanged testosterone responses.
Supplementary material includes additional supporting
tables and methodological details.
It should also be emphasized that most of the included stud-

ies were conducted in young, healthy, or athletic individuals.
Therefore, the current findings should primarily be interpreted
as physiological and mechanistic evidence, with limited direct
clinical relevance for men with andropause.
In addition, regular exercise may contribute to the mainte-

nance of overall hormonal balance and general health. But
there is no evidence that exercise is a primary treatment for
andropause. Instead, exercise should be viewed as an adjunct,
as the direct clinical benefit of exercise is unclear.
Future studies using well-defined populations with

andropause, long-term interventions, and standardized
measurement protocols are needed to clarify the clinical
relevance of exercise in age-related decline in testosterone
levels.
Based on our findings, we recommend the following in

accordance with the existing evidence and its limitations for
future research and clinical applications:
- Future studies should explore the effects of exercise on an-

dropause in larger sample sizes and with standardized serum-
based measurements in long-term studies.
- Longitudinal studies, well-designed, homogeneous groups

of participants, should monitor the effects of regular exercise
on muscle strength, bone density, cardiovascular capacity, and
psychological well-being during andropause.
- Exercise should be considered as part of an overall strategy

for andropause management, especially in sedentary and at-
risk populations, by healthcare professionals. It is important
to note, however, that the evidence so far is preliminary, with
small sample sizes and short intervention durations. Further-
more, detailed investigations over a longer period of time are
required before firm clinical guidelines can be developed.

ABBREVIATIONS

HIIT, High-Intensity Interval Training; HRT, Hormone
Replacement Therapy; LOH, Late-Onset Hypogonadism;
SD, Standard Deviation; RT, Resistance Training; IE,
Intermittent Exercise; CE, Continuous Exercise; HD,
Hemodialysis; SHBG, Sex Hormone-Binding Globulin;
GnRH, Gonadotropin-Releasing Hormone; LH, Luteinizing
Hormone; JBI, Joanna Briggs Institute; StAR, Steroidogenic
Acute Regulatory; PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; IGF-1, Insulin-like
Growth Factor 1; SCIE, Science Citation Index Expanded;
ESCI, Emerging Sources Citation Index; DOAJ, Directory
of Open Access Journals; ESA, Erythropoietin-Stimulating
Agents.

AVAILABILITY OF DATA AND MATERIALS

Not applicable.

AUTHOR CONTRIBUTIONS

MÖ and MA—conceptualization. İK, MÖ, MŞÖ and MA—
literature analysis. MŞÖ, OÇ, EB and MÖ—writing–original
draft preparation. AE, MT and MA—writing–review and
editing. MÖ—supervision. MS and İP—data curation. All
authors have read and agreed to the published version of the
manuscript.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

Not applicable.



15

ACKNOWLEDGMENT

Not applicable.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

SUPPLEMENTARY MATERIAL

Supplementary material associated with this article can be
found, in the online version, at https://oss.jomh.org/
files/article/2062816906652336128/attachment/
Supplementary%20material.pdf.

REFERENCES
[1] Broman-Fulks J, Kelso K, Zawilinski L. Effects of a single bout of aerobic

exercise versus resistance training on cognitive vulnerabilities for anxiety
disorders. Cognitive Behaviour Therapy. 2015; 44: 240–251.

[2] Bruning RS, Sturek M. Benefits of exercise training on coronary blood
flow in coronary artery disease patients. Progress in Cardiovascular
Diseases. 2015; 57: 443–453.

[3] MangineGT, Hoffman JR, Gonzalez AM, Townsend JR,Wells AJ, Jajtner
AR, et al. Exercise-induced hormone elevations are related to muscle
growth. The Journal of Strength and Conditioning Research. 2017; 31:
45–53.

[4] Ahmadi MA, Zar A, Krustrup P, Ahmadi F. Testosterone and cortisol
response to acute intermittent and continuous aerobic exercise in
sedentary men. Sport Sciences for Health. 2018; 14: 53–60.

[5] Atashak S, Stannard SR, Azizbeigi K. Cardiovascular risk factors
adaptation to concurrent training in overweight sedentary middle-aged
men. The Journal of Sports Medicine and Physical Fitness. 2016; 56:
624–630.

[6] Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in
insufficient physical activity from 2001 to 2016: a pooled analysis of
358 population-based surveys with 1ꞏ9 million participants. The Lancet
Global Health. 2018; 6: e1077–e1086.

[7] Ilić M, Pang H, Vlaški T, Grujičić M, Novaković B. Motives and
barriers for regular physical activity among medical students from the
Western Balkans (South-East Europe Region). International Journal of
Environmental Research and Public Health. 2022; 19: 16240.

[8] Perreault B, Penman S, Hammond N, Blum K, Lewandrowski KU,
Badgaiyan RD, et al. Effects of chronic treadmill exercise on testosterone
levels in males and females. Academia Medicine and Health. 2025; 2: 1–
5.

[9] Zar A, Ahmadi F, Krustrup P, Fernandes RJ. Effects of morning and
afternoon high-intensity interval training (HIIT) on testosterone, cortisol
and testosterone/cortisol ratio response in active men. Trends in Sport
Sciences. 2021; 28: 179–185.

[10] Purnomo E, Arovah N, Sumaryanto S. Acute and adaptation effect of
high-intensity interval training on testosterone, cortisol and performance
among collegiate running athletes. Human Movement. 2023; 24: 131–
138.

[11] Abdel-Sater KA. The role of anti-aging approaches in managing
hypogonadism in sedentary older males. Frontiers in Aging. 2024; 5:
1514438.

[12] Liira H, Engberg E, Leppävuori J, From S, Kautiainen H, Liira J, et
al. Exercise intervention and health checks for middle-aged men with
elevated cardiovascular risk: a randomized controlled trial. Scandinavian
Journal of Primary Health Care. 2014; 32: 156–162.

[13] Velasco-Orjuela GP, Domínguez-Sanchéz MA, Hernández E, Correa-

Bautista JE, Triana-Reina HR, García-Hermoso A, et al. Acute effects
of high-intensity interval, resistance or combined exercise protocols
on testosterone–cortisol responses in inactive overweight individuals.
Physiology & Behavior. 2018; 194: 401–409.

[14] VelezM, Rosendaal N, Alvarado B, da Câmara S, Belanger E, Pirkle CM.
Data on the association between age at natural menopause and physical
function in older women from the International Mobility in Aging Study
(IMIAS). Data in Brief. 2019; 23: 103811.

[15] Chueh KS, Huang SP, Lee YC, Wang CJ, Yeh HC, Li WM, et al. The
comparison of the aging male symptoms (AMS) scale and androgen
deficiency in the aging male (ADAM) questionnaire to detect androgen
deficiency in middle-aged men. Journal of Andrology. 2012; 33: 817–
823.

[16] Erenpreiss J, Fodina V, Pozarska R, Zubkova K, Dudorova A, Pozarskis
A. Prevalence of testosterone deficiency among aging men with and
without morbidities. The Aging Male. 2020; 23: 901–905.

[17] Hayes LD, Sculthorpe N, Herbert P, Baker JS, Spagna R, Grace FM. Six
weeks of conditioning exercise increases total, but not free testosterone
in lifelong sedentary aging men. The Aging Male. 2015; 18: 195–200.

[18] Kumar M, Singh S. Andropause: does it really happen in man?
International Journal of Reproduction, Gynaecology and Obstetrics.
2025; 7: 12–15.

[19] Singh P. Andropause: current concepts. Indian Journal of Endocrinology
and Metabolism. 2013; 17: S621–S629.

[20] Kanakis GA, Goulis DG. Addressing andropause: challenges and
strategies for healthy aging in men. Maturitas. 2025; 192: 108041.

[21] Liu Q, Peng X, Gu Y, Shang X, Zhou Y, Zhang H, et al. Associations
between smoking, sex hormone levels and late-onset hypogonadism in
men differ depending on age. Aging. 2021; 13: 5226–5237.

[22] Vermeulen A. Andropause. Maturitas. 2000; 34: 5–15.
[23] Tanji F, Nanbu H, Nishimoto D, Kawajiri M. Psychosocial factors

and andropause symptoms among Japanese men: an internet-based
cross-sectional study. American Journal of Men’s Health. 2025; 19:
15579883241312836.

[24] Buch A, Kis O, Carmeli E, Keinan-Boker L, Berner Y, Barer Y, et
al. Circuit resistance training is an effective means to enhance muscle
strength in older and middle aged adults: a systematic review and meta-
analysis. Ageing Research Reviews. 2017; 37: 16–27.

[25] Barker TH, Habibi N, Aromataris E, Stone JC, Leonardi-Bee J, Sears K,
et al. The revised JBI critical appraisal tool for the assessment of risk of
bias for quasi-experimental studies. JBI Evidence Synthesis. 2024; 22:
378–388.

[26] Williams N, Russell M, Cook CJ, Kilduff LP. The effect of lower
limb occlusion on recovery following sprint exercise in academy rugby
players. Journal of Science and Medicine in Sport. 2018; 21: 1095–1099.

[27] Vieira MdCS, Leitao AE, Vieira G, Moratelli J, Boing L, Seemann T, et
al. Concurrent training protocol for men with androgen deficiency in the
aging male: a randomized clinical trial. The Aging Male. 2018; 21: 149–
157.

[28] Zurek G, Danek N, Żurek A, Nowak-Kornicka J, Żelaźniewicz A,
Orzechowski S, et al. Effects of dominance and sprint interval exercise on
testosterone and cortisol levels in strength-, endurance-, and non-training
men. Biology. 2022; 11: 961.

[29] Adebero T, McKinlay BJ, Theocharidis A, Root Z, Josse AR, Klentrou
P, et al. Salivary and serum concentrations of cortisol and testosterone
at rest and in response to intense exercise in boys versus men. Pediatric
Exercise Science. 2019; 32: 65–72.

[30] Ambroży T, Rydzik Ł, Obmiński Z, Błach W, Serafin N, Błach B, et al.
The effect of high-intensity interval training periods on morning serum
testosterone and cortisol levels and physical fitness in men aged 35–40
years. Journal of Clinical Medicine. 2021; 10: 2143.

[31] Chasland LC, Yeap BB, Maiorana AJ, Chan YX, Maslen BA, Cooke BR,
et al. Testosterone and exercise: effects on fitness, body composition, and
strength in middle-to-older agedmen with low-normal serum testosterone
levels. American Journal of Physiology-Heart and Circulatory Physiol-
ogy. 2021; 320: H1985–H1998.

[32] Cobo G, Gallar P, Di Gioia C, García Lacalle C, Camacho R,
Rodriguez I, et al. Hypogonadism associated with muscle atrophy,
physical inactivity and ESA hyporesponsiveness in men undergoing
haemodialysis. Nefrologia. 2017; 37: 54–60.

https://oss.jomh.org/files/article/2062816906652336128/attachment/Supplementary%20material.pdf
https://oss.jomh.org/files/article/2062816906652336128/attachment/Supplementary%20material.pdf
https://oss.jomh.org/files/article/2062816906652336128/attachment/Supplementary%20material.pdf


16

[33] Cofré-Bolados C, Reuquen-López P, Herrera-Valenzuela T, Orihuela-
Diaz P, Garcia-Hermoso A, Hackney AC. Testosterone and cortisol
responses to HIIT and continuous aerobic exercise in active young men.
Sustainability. 2019; 11: 6069.

[34] Crewther BT, Thomas AG, Stewart-Williams S, Kilduff LP, Cook
CJ. Is salivary cortisol moderating the relationship between salivary
testosterone and hand-grip strength in healthy men? European Journal
of Sport Science. 2017; 17: 188–194.

[35] Hawkins VN, Foster-Schubert K, Chubak J, Sorensen B, Ulrich CM,
Stancyzk FZ, et al. Effect of exercise on serum sex hormones in men:
a 12-month randomized clinical trial. Medicine & Science in Sports &
Exercise. 2008; 40: 223–233.

[36] Kuusi T, Kostiainen E, Vartiainen E, Pitkänen L, Ehnholm C, Korhonen
HJ, et al. Acute effects of marathon running on levels of serum
lipoproteins and androgenic hormones in healthy males. Metabolism.
1984; 33: 527–531.

[37] Mangine GT, Van Dusseldorp TA, Feito Y, Holmes AJ, Serafini PR,
Box AG, et al. Testosterone and cortisol responses to five high-intensity
functional training competition workouts in recreationally active adults.
Sports. 2018; 6: 62.

[38] Moravej SR, Nazari M, Shabani R. The effect of high-intensity strength
and endurance training on cortisol, testosterone, and physical fitness of
15–20-year-old male taekwondo athletes in Rasht. Journal of Physical
Activity and Hormones. 2023; 1: 1–6.

[39] Schwanbeck SR, Cornish SM, Barss T, Chilibeck PD. Effects of training
with free weights versus machines on muscle mass, strength, free
testosterone, and free cortisol levels. Journal of Strength andConditioning
Research. 2020; 34: 1851–1859.

[40] Sellami M, Dhahbi W, Hayes LD, Kuvacic G, Milic M, Padulo J. The
effect of acute and chronic exercise on steroid hormone fluctuations in
young and middle-aged men. Steroids. 2018; 132: 18–24.

[41] Smith AA, Toone R, Peacock O, Drawer S, Stokes KA, Cook CJ.
Dihydrotestosterone is elevated following sprint exercise in healthy
young men. Journal of Applied Physiology. 2013; 114: 1435–1440.

[42] Peate I. The male menopause: possible causes, symptoms and treatment.
British Journal of Nursing. 2003; 12: 80–84.

[43] Bansal V. Andropause a clinical entity. Journal of Universal College of
Medical Sciences. 2013; 1: 54–68.

[44] Zouhal H, Jayavel A, Parasuraman K, Hayes LD, Tourny C, Rhibi F, et
al. Effects of exercise training on anabolic and catabolic hormones with
advanced age: a systematic review. Sports Medicine. 2022; 52: 1353–
1368.

[45] Janssen JA. Impact of physical exercise on endocrine aging. Frontiers of
Hormone Research. 2016; 47: 68–81.

[46] Stocco DM. StAR protein and the regulation of steroid hormone
biosynthesis. Annual Review of Physiology. 2001; 63: 193–213.

[47] Zhu A, Andino J, Daignault-Newton S, Chopra Z, Sarma A, Dupree JM.
What is a normal testosterone level for young men? Rethinking the 300
ng/dL cutoff for testosterone deficiency in men 20–44 years old. The
Journal of Urology. 2022; 208: 1295–1302.

[48] Ide H. The impact of testosterone in men’s health. Endocrine Journal.
2023; 70: 655–662.

[49] Wydra J, Wydra A, Kucharczyk P, Kapuściński G, Zgliczyński W,
Rabijewski M. Selective estrogen receptor modulators and aromatase
inhibitors in the treatment of functional male hypogonadism. En-
dokrynologia Polska. 2025; 76: 349–358.

[50] van den Beld AW, Kaufman JM, Zillikens MC, Lamberts SWJ, Egan JM,
van der Lely AJ. The physiology of endocrine systems with ageing. The
Lancet Diabetes & Endocrinology. 2018; 6: 647–658.

[51] Paunksnis MR, Evangelista AL, La Scala Teixeira CV, Alegretti João
G, Pitta RM, Alonso AC, et al. Metabolic and hormonal responses to
different resistance training systems in elderly men. The Aging Male.
2018; 21: 106–110.

[52] Wittert G, Grossmann M. Obesity, type 2 diabetes, and testosterone in
ageing men. Reviews in Endocrine and Metabolic Disorders. 2022; 23:
1233–1242.

[53] Perreault B, Hammond N, Thanos PK. Effects of exercise on testosterone
and implications of drug abuse: a review. Clinical Neuropharmacology.
2023; 46: 112–122.

[54] Riachy R, McKinney K, Tuvdendorj DR. Various factors may modulate

the effect of exercise on testosterone levels in men. Journal of Functional
Morphology and Kinesiology. 2020; 5: 81.

[55] Im JY, Bang HS, Seo DY. The effects of 12 weeks of a combined
exercise program on physical function and hormonal status in elderly
Korean women. International Journal of Environmental Research and
Public Health. 2019; 16: 4196.

[56] Hayes LD, Sculthorpe N, Herbert P, Baker JS, Hullin DA, Kilduff LP,
et al. Poor levels of agreement between serum and saliva testosterone
measurement following exercise training in aging men. The Aging Male.
2015; 18: 67–70.

[57] Hirokawa K, Fujii Y, Taniguchi T, Takaki J, Tsutsumi A. Andropause
symptoms and sickness absence in Japanese male workers: a prospective
study. The Aging Male. 2020; 23: 1545–1552.

[58] Vieira MdCS, Cardoso AA, Guimarães ACdA. Male aging symptoms:
the positive influence of moderate and total physical activity. Revista
Brasileira de Cineantropometria e Desempenho Humano. 2016; 18: 460–
470. (In Portuguese)

[59] Carmona CF, Bancil I, Beberino ML, Nastor MC, Ignacio DF. A
dive into the experiences on menopause and andropause. Journal of
Interdisciplinary Perspectives. 2025; 3: 17–31.

[60] Anawalt BD, Matsumoto AM. Aging and androgens: physiology and
clinical implications. Reviews in Endocrine and Metabolic Disorders.
2022; 23: 1123–1137.

[61] Zitzmann M. Testosterone, mood, behaviour and quality of life.
Andrology. 2020; 8: 1598–1605.

[62] Di Luigi L, Romanelli F, Sgrò P, Lenzi A. Andrological aspects of
physical exercise and sport medicine. Endocrine. 2012; 42: 278–284.

[63] Ramachandran P, Zitzmann M, König CS, Mulhern J, Ramachandran
S, Hackett G. Testosterone undecanoate is associated with improved
ageing male symptoms score in men with type 2 diabetes and adult-onset
testosterone deficiency: re-analyzed results from a randomised controlled
trial. Exploration of Endocrine Metabolic Diseases. 2024; 1: 177–190.

[64] 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 Medicine-Open. 2024; 10: 30.

[65] Kim SH, Park JJ, Kim KH, Yang HJ, Kim DS, Lee CH, et al. Efficacy
of testosterone replacement therapy for treating metabolic disturbances
in late-onset hypogonadism: a systematic review and meta-analysis.
International Urology and Nephrology. 2021; 53: 1733–1746.

[66] Aguirre LE, Jan IZ, Fowler K, Waters DL, Villareal DT, Armamento-
Villareal R. Testosterone and adipokines are determinants of physical
performance, strength, and aerobic fitness in frail, obese, older adults.
International Journal of Endocrinology. 2014; 2014: 507395.

[67] Corona G, Rastrelli G, Sparano C, Vignozzi L, Sforza A, Maggi M.
Advances in the treatment of functional male hypogonadism. Expert
Review of Endocrinology & Metabolism. 2024; 19: 163–177.

[68] Pelletier-Beaumont E, Arsenault BJ, Alméras N, Bergeron J, Tremblay
A, Poirier P, et al. Normalization of visceral adiposity is required
to normalize plasma apolipoprotein B levels in response to a healthy
eating/physical activity lifestyle modification program in viscerally obese
men. Atherosclerosis. 2012; 221: 577–582.

[69] Sato K, LemitsuM. Exercise and sex steroid hormones in skeletal muscle.
The Journal of Steroid Biochemistry and Molecular Biology. 2015; 145:
200–205.

[70] Odetayo AF, Akhigbe RE, Bassey GE, Hamed MA, Olayaki LA. Impact
of stress on male fertility: role of gonadotropin inhibitory hormone.
Frontiers in Endocrinology. 2024; 14: 1329564.

[71] Samaras N, Frangos E, Forster A, Lang PO, Samaras D. Andropause:
a review of the definition and treatment. European Geriatric Medicine.
2012; 3: 368–373.

[72] Condorelli RA, Calogero AE, Di Mauro M, Mongioì LM, Russo GI,
Morgia G, et al. Effects of tadalafil treatment combined with physical
activity in patients with low onset hypogonadism: results from a not-
randomized single arm phase 2 study. The Aging Male. 2016; 19: 155–
160.

[73] Dote-Montero M, Carneiro-Barrera A, Martinez-Vizcaino V, Ruiz JR,
Amaro-Gahete FJ. Acute effect of HIIT on testosterone and cortisol
levels in healthy individuals: a systematic review and meta-analysis.
Scandinavian Journal of Medicine & Science in Sports. 2021; 31: 1722–
1744.



17

[74] Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et
al. World Health Organization 2020 guidelines on physical activity and
sedentary behaviour. British Journal of Sports Medicine. 2020; 54: 1451–
1462.

[75] Sylta Ø, Tønnessen E, Sandbakk Ø, Hammarström D, Danielsen J,
Skovereng K, et al. Effects of high-intensity training on physiological
and hormonal adaptions in well-trained cyclists. Medicine & Science in
Sports & Exercise. 2017; 49: 1137–1146.

[76] Giovanelli L, Cangiano B, Federici S, Lucini D, Bonomi M. Physical
exercise as a sustainability tool in men affected with metabolic syndrome-
related late-onset central hypogonadism: role of endocrine-metabolic and
neurovegetative outcomes. Endocrine Abstracts. 2024; 99: EP886.

[77] Himel R, Keefe D. Evaluation and treatment of patients with hypothala-
mic hypogonadism. Obstetrical & Gynecological Survey. 2025; 80: 427–
431.

How to cite this article: Muhammed Öniz, Mehmet Şerif
Ökmen, Mustafa Türkmen, Mehmet Sarıkaya, İsmail Polatcan,
Abdulkadir Ercan, Ozan Çelik, İhsan Kuyulu, Enes Beltekin,
Mekki Abdioğlu. Acute and chronic effects of different training
protocols on testosterone levels in men: a systematic review.
Journal of Men’s Health. 2026. doi: 10.22514/jomh.2026.045.


	Introduction
	Methods
	Literature review strategy
	Risk of bias and study quality assessment
	Study selection criteria
	Inclusion criteria
	Exclusion criteria

	Data evaluation process

	Results
	Physiological foundations of andropause
	The role of testosterone and changes with age
	Acute and chronic effects of exercise types on testosterone release

	Discussion
	Conclusions

