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Abstract— A key hormone in male physiology, testosterone is
essential for controlling a number of physiological functions, such
as spermatogenesis, sex differentiation, and the emergence of
secondary sexual traits. The modulation of testosterone levels in
young adults is influenced by a myriad of factors, among which
dietary habits and lifestyle choices stand prominent. This scientific
review delves into the intricate relationship between nutrition,
particularly macronutrient composition, and circulating
testosterone levels, with a focus on its implications for athletic
performance. We examine recent research findings, encompassing
systematic reviews, meta-analyses, and intervention studies, to
elucidate the effects of dietary factors on testosterone synthesis,
metabolism, and bioavailability. Specifically, we explore the
impact of dietary fat quality, protein intake, caffeine consumption,
and carbonated beverage consumption on testosterone levels in
men, drawing insights from both observational studies and
randomized controlled trials. Additionally, we investigate the
potential role of soy consumption and junk food intake in
modulating testosterone levels and discuss the underlying
mechanisms and clinical implications. Furthermore, we
underscore the need for well-designed studies with larger sample
sizes and rigorous methodologies to provide conclusive evidence
regarding the effects of specific nutrients on testosterone levels.
Ultimately, this review aims to enhance our understanding of the
complex interplay between diet, hormones, and athletic
performance, paving the way for the development of tailored
nutritional strategies to optimize testosterone levels and promote
overall health and athletic success in young adults.

Index Terms— Testosterone, Nutrition, Macronutrient
composition, Athletic performance, Dietary fat quality, Protein
intake.

I. INTRODUCTION

For men of any age, testosterone is essential for preserving
equilibrium in the multifaceted psychological network that
encompasses mood, behavior, self-perception, and perceived
quality of life. Lower testosterone concentrations have been seen
in older men, in addition to the typical forms of hypogonadism
that are commonly seen in this age group. This condition is
referred to as functional hypogonadism driven by age and
comorbidity and may be associated with a variety of depressive
symptoms, including dysthymia, fatigue, inertia, listlessness,
hopelessness, and suicidal thoughts. Additionally, testosterone
affects a variety of anxiety features, such as open panic
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disorders, phobic nervousness, and unfocused fear.
Accordingly, testosterone probably affects anxiolysis through
reward processing, stress resilience, and threat awareness. The
pro-active and reactive aspects of aggression are modulated by
the steroid; however, this must be understood in the context of
achieving or retaining status. This could also involve additional
tactics that affect the social standing, like posture and social
awareness, as well as heroic or localized altruism and non-
aggressive routes of assertiveness. Risk-taking behaviors are
influenced by independent rather than relationship-associated
self-construal and self-esteem when testosterone levels are
modulated. Additionally, the genetic arrangement of the
androgen receptor is a factor that plays a role in determining the
effect that testosterone has on a person's mood and personality.
Although they are discussed in another section of this special
edition, dimensions of sexuality are not the focus of this piece
despite being very significant in this context. Overall,
testosterone replacement therapy has been shown to positively
impact older hypogonadal men's quality of life (1).

As a crucial hormone, testosterone influences
spermatogenesis, male characteristics, sex differentiation, and
fertility. Testosterone, produced by Leydig cells, supports the
development of male urogenital structures and external
genitalia, while inhibiting the formation of female reproductive
structures. During puberty, the hypothalamic-pituitary-gonadal
axis plays a key role in regulating testosterone levels through the
secretion of gonadotropins. Testosterone is involved in primary
and secondary sexual characteristics, such as testicular descent,
enlargement of the penis and testes, muscle growth, deepening
of the voice, and increased libido. Testosterone deficiencies or
abnormalities can lead to various clinical manifestations and
disorders, including hypogonadism and androgen-related
pathologies. Diagnosing these conditions involves evaluating
testosterone levels, along with other hormone markers and
clinical features. Understanding testosterone's functions,
mechanisms, and clinical significance is crucial for managing
related conditions and optimizing patient health (2).

Young adults' changing testosterone levels are a complex
phenomenon that are impacted by a wide range of variables,
including food and lifestyle choices.

Dietary factors play a crucial role in influencing circulating
testosterone levels, which in turn can impact athletic
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performance. While elevated androgen concentrations are
associated with improved anabolic processes, evidence
regarding the effects of specific nutrients on testosterone levels
remains inconclusive. Although certain nutrients, such as those
with purported anti-aromatase activity, have been suggested to
influence testosterone synthesis, the efficacy of supplementation
in athletes is uncertain due to limitations in study design and
small sample sizes. However, consistent findings indicate that
low energy intake negatively affects testosterone concentrations,
underscoring the importance of adequate nutrition for optimal
performance. ~ Moreover,  manipulating  macronutrient
composition, particularly protein and fat intake, may further
modulate testosterone levels. While certain vitamins and
minerals are essential for testosterone synthesis, evidence
supporting their supplementation to augment testosterone
concentrations in athletes is lacking. Overall, further research
with larger sample sizes and rigorous methodologies is needed
to elucidate the complex interplay between diet, hormones, and
athletic performance, facilitating the development of tailored
nutritional strategies for optimizing testosterone levels and
overall athletic success (3).

Il. DIETARY FAT AND TESTOSTERONE

A study helps in studying how the amount of fat consumed
in the diet affects testosterone levels, in men. It emphasizes the
role of testosterone in lowering the risk of diseases and death
noting a decrease in testosterone levels in nations along with
shifts in dietary habits. Yet past studies have shown results, on
how fat intake relates to testosterone levels. To address the gap,
the authors conducted a systematic review and meta-analysis of
intervention studies comparing low-fat against high-fat diets and
their impact on men's sex hormones. Their research yielded six
eligible studies involving a total of 206 participants. This meta-
analysis revealed significant decreases in various sex hormones,
including total testosterone, free testosterone, urinary
testosterone, and dihydrotestosterone, among individuals on
low-fat diets compared to those on high-fat diets. Notably,
subgroup analysis indicates a stronger effect among men with
European ancestry (4).

These findings suggest potentially a negative correlation
between low-fat diets and testosterone levels in men, with men
of European ancestry experiencing a more pronounced decrease.
However, the authors do acknowledge the need for a further
randomized controlled trials to confirm these results and
elucidate the underlying mechanisms.

Scientifically, this review underscores the importance of fat
quality in diet in modulating testosterone levels, which plays a
crucial role in men's health. While the exact mechanisms remain
to be fully elucidated, it's plausible that dietary fat composition
certainly influences hormone synthesis, metabolism, or
bioavailability. Factors such as fatty acid composition,
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micronutrient content, and overall dietary patterns may
contribute to these effects.

In conclusion, the correlation between dietary fat content and
testosterone levels appears to be significant, with low-fat diets
potentially showing a negative impact on testosterone levels in
men, particularly those of European descent. However, further
research, including well-designed randomized controlled trials,
is warranted to validate these findings and provide insights into
the clinical implications and mechanisms underlying this
relationship.

The research (5) focused on exploring the connections,
between types of fats and hormone levels in middle aged men.
In all, 2546 males with an average age of 53 participated in this
sectional investigation. The findings indicated that consuming
saturated fats was linked to increased levels of free testosterone
as well, as steroid hormone binding globulin (SHBG).
Conversely a higher intake of fats was associated with hormone
concentrations. However, once factors that could influence the
results were taken into account the connections observed were
not statistically significant. The intake of monounsaturated fatty
acid (MUFA) and trans fatty acid (TFA) did not show any
correlation, with androgen levels. When dietary protein was
swapped with fatty acids (SFA) in calorie models there was a
noted increase in total testosterone and SHBG levels in the
blood.

To summarize the study, suggest that there is no relationship
between dietary fat quality and androgen levels in middle aged
men. Nonetheless there seems to be an indication that
substituting protein with SFA might be associated with levels of
androgens in the blood. Therefore, a further investigation is
needed to validate these findings and gain an understanding of
how different types of fats may impact testosterone levels, in
men.

A cross-sectional study involving 1274 non-fasting men
without known cardiovascular disease, researchers aimed to
explore the connections between endogenous testosterone, sex
hormone-binding globulin (SHBG), and serum lipids. Through
stratified analyses based on sampling time, they observed a
linear increase in serum triglyceride (TG) levels throughout the
day in men with total testosterone levels below the 50th
percentile, while TG levels remained stable in those with
testosterone levels above the 50th percentile. Regression
analyses revealed that both total testosterone and SHBG were
inversely and independently associated with TG levels and
positively associated with high-density lipoprotein (HDL)
levels. Additionally, after controlling for age and BMI, men with
an unfavorable lipid profile showed noticeably lower levels of
SHBG and total testosterone than men with a normal lipid
profile. These findings suggest a potential association between
low total testosterone levels and impaired TG metabolism in
men, emphasizing the importance of understanding the interplay
between endogenous hormones and lipid profiles for
cardiovascular health (6).
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I1l. CAFFEINE'S IMPACT ON TESTOSTERONE

Interest in using caffeine as an ergogenic aid has surged,
particularly since the partial ban on its use by the International
Olympic Committee was lifted. While caffeine's positive
impacts on various aspects of athletic performance are well-
documented, its effects on training, particularly in relation to
testosterone and cortisol levels, have received less attention.

The purpose of the study was to investigate the acute effect
of caffeine on the exercise-induced changes in testosterone and
cortisol levels in professional rugby-league players, employing
a double-blind crossover design.

Twenty-four participants ingested caffeine doses ranging
from 0 to 800 mg in a random order one hour before engaging
in a resistance-exercise session. Saliva samples were collected
at various intervals, and statistical analyses were conducted to
assess the effects of caffeine on hormone concentrations.

Results indicated that testosterone concentrations increased
slightly (15%) during exercise, with caffeine further augmenting
this effect in a dose-dependent manner. Cortisol levels increased
moderately (52%) in response to the highest dosage of coffee
(800 mg). Moreover, caffeine consumption resulted in a small
decline (14%) in the testosterone: cortisol ratio, suggesting a
potentially a counteraction of the anabolic effects of testosterone
by the catabolic effects of cortisol (7).

In conclusion, while caffeine consumption may have some
potential to enhance training outcomes through its effects on
testosterone levels, the concurrent increase in cortisol levels and
subsequent decline in the testosterone: cortisol ratio may
mitigate these benefits. Therefore, athletes and coaches should
carefully consider the balance between the anabolic and
catabolic effects of caffeine when incorporating it into training
regimens. Further research is warranted to elucidate the long-
term implications of caffeine consumption on hormonal
responses to exercise and overall athletic performance.

A randomized controlled trial conducted to evaluate the
effects of caffeinated and decaffeinated coffee on sex hormone-
binding globulin (SHBG) and sex hormone levels in healthy
adults. Participants were randomized to consume either
caffeinated instant coffee, decaffeinated instant coffee, or water
(control group) over an 8-week period. The main outcome
measures included SHBG levels and various sex hormones,
including testosterone, estradiol, and dehydroepiandrosterone
sulfate (DHEAS) (8).

The findings of the study did not reveal significant
differences between treatment groups for any of the studied
outcomes at the end of the 8-week intervention period. However,
at the 4-week mark, decaffeinated coffee was associated with a
borderline significant increase in SHBG in women, with no
significant effect observed in men. Additionally, there were
several differences in hormone concentrations between the
treatment groups at week 4. Among men, consumption of
caffeinated coffee led to an increase in total testosterone and a
decrease in total and free estradiol. While decaffeinated coffee
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was linked to lower levels of both total and free testosterone in
women, caffeinated coffee was linked to lower levels of both
testosterone and total testosterone. However, there was no
significant correlation between the two.

Overall, the study suggests that Caffeine consumption, prevalent
through tea, coffee, and caffeinated beverages have a positive
effect on increasing testosterone, consumption of caffeinated
coffee increased total testosterone and decreased total and free
estradiol in males.

IV. IMPACT OF CARBONATED BEVERAGES ON TESTICULAR
PHYSIOLOGY AND ANDROGEN RECEPTOR EXPRESSION

A study aimed to investigate the effects of carbonated
beverages, specifically Pepsi-Cola and Coca-Cola, on testis
growth and the expression levels of the androgen receptor in
mice. Two experimental groups were assigned for each
beverage, consuming either 50% or 100% of the beverage for 15
days, while a control group drank water. Testicular parameters
and Androgen receptors expression levels were assessed
throughout the study period.

Results showed that mice consuming higher concentrations
of Pepsi-Cola and Coca-Cola exhibited increased testis mass,
longitudinal and transverse diameters, as well as higher levels of
Androgen receptors proteins compared to the control group.
Additionally, serum testosterone concentrations were elevated
in mice consuming 100% Pepsi-Cola compared to those
consuming 100% Coca-Cola and the control group.
Furthermore, the expression levels of Androgen receptors
mRNA were significantly increased in all Carbonated
Beverages-treated groups (9).

The findings suggest that consumption of high
concentrations of Pepsi-Cola and Coca-Cola may promote testis
development, enhance testosterone secretion, and increase
Androgen receptors expression levels in mice. These results
imply a potential correlation between carbonated beverage
consumption and testosterone levels, as well as reproductive
function in mammals.

Scientifically, the study provides preliminary evidence
regarding the effects of Carbonated beverages on testicular
physiology and Androgen receptor expression. However,
several limitations are to be considered, such as the use of animal
models and the short duration of the study. Additionally, the
mechanisms underlying the observed effects remain unclear and
require further investigation.

In conclusion, while the study potentially suggests an
association between consumption of carbonated beverages and
testosterone levels in mice, further research is needed to validate
these findings and elucidate the underlying mechanisms.
Considering the widespread consumption of Carbonated
beverages, particularly among humans, understanding their
potential impact on reproductive health is essential for public
health and clinical practice.
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V. SOY AND TESTOSTERONE

Soy products, including soy milk, are known to contain high
levels of isoflavones, which are phytoestrogens with estrogenic
properties. While phytoestrogens have been associated with
various health benefits, including potential cardiovascular and
anticancer effects, concerns have been raised regarding their
impact on hormonal balance, particularly in men. A case study
reports highlights the potential adverse effects of excessive soy
consumption, particularly in the context of secondary
hypogonadism, characterized by low gonadotropin and
testosterone levels (10).

The 54-year-old man in this case had been consuming a
substantial amount of soy milk, equivalent to approximately 310
mg of isoflavones per day, for an extended period of three years.
Subsequently, he presented with symptoms of erectile
dysfunction and gynecomastia, which raised concerns about
hormonal imbalances. Upon examination and blood tests, the
patient was diagnosed with secondary hypogonadism, indicating
impaired gonadal function. The cessation of soy milk
consumption led to improvements in gonadal function,
suggesting a potential causal relationship between excessive
isoflavone intake and the development of secondary
hypogonadism.

The case underscores the importance of considering dietary
factors, such as soy consumption, in evaluating hormonal
imbalances and related symptoms in men. Phytoestrogens like
isoflavones have been shown to exert estrogenic effects in the
body, potentially interfering with normal endocrine function,
particularly in individuals with prolonged and excessive
exposure. While the exact mechanisms underlying the observed
effects remain to be fully elucidated, it is plausible that
phytoestrogens may disrupt the hypothalamic-pituitary-gonadal
axis, leading to suppressed gonadotropin secretion and
subsequent hypogonadism.

In conclusion, while soy products are commonly consumed
and may offer certain health benefits, excessive intake of
isoflavones, particularly over an extended period, may pose risks
to hormonal balance in men. This case highlights the potential
for soy consumption to contribute to the development of
secondary hypogonadism, as evidenced by improvements in
gonadal function upon discontinuation of soy milk intake.
Further research is needed to better understand the mechanisms
underlying the observed effects and to inform recommendations
regarding soy consumption, particularly in individuals at risk of
hormonal imbalances.

The incorporation of soy-based products into dietary
practices has been a subject of debate concerning its potential
impact on testosterone levels. Soybeans contain a notably high
concentration of isoflavones, which possess properties
mimicking estrogen. Prolonged and excessive consumption of
soy products has been associated with feminizing effects,
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including the development of secondary hypogonadism,
gynecomastia, and erectile dysfunction. These adverse
outcomes are attributed to the estrogenic activity of isoflavones,
which can disrupt normal hormonal balance in men.
Consequently, concerns have been raised regarding the potential
risks posed by chronic soy consumption on male reproductive
health and endocrine function. Further investigation is
warranted to better understand the mechanisms underlying these
effects and to inform dietary recommendations regarding soy
consumption, particularly among individuals at risk of hormonal
imbalances.

Research has traditionally highlighted the benefits of soy
consumption, including reduced cardiovascular and breast
cancer risks. However, study (11) suggest adverse effects due to
isoflavones' estrogenic properties. This case involves a 19-year-
old man who experienced loss of libido and erectile dysfunction
after consuming soy-based products in a vegan-style diet. Blood
tests showed decreased free and total testosterone, with
increased DHEA levels. Symptoms improved and hormone
levels normalized within a year after discontinuing the vegan
diet, indicating a link between soy consumption, hypogonadism,
and erectile dysfunction. This highlights the potential impact of
isoflavones on sex hormones and associated physical symptoms,
urging caution in soy-rich diets, especially for wvulnerable
individuals.

V1. NAVIGATING THE PROTEIN TESTOSTERONE CONNECTION

A review discussed highlights the nuanced relationship
between dietary protein intake and testosterone levels.
Specifically, it suggests that while low-carbohydrate diets with
protein intake exceeding 3.4 g/kg/day consistently decrease total
testosterone (TT), those with protein intake below this threshold
do not exhibit a consistent effect on TT. This observation
underscores the importance of distinguishing between varying
levels of protein intake when examining its impact on hormonal
regulation. The proposed mechanism behind the decrease in TT
with very high protein intake (> 3.4 g/kg/day) is intriguing,
suggesting a potential hormonal response aimed at upregulating
the urea cycle to mitigate the adverse effects of
hyperammonemia.

Furthermore, the review highlights the necessity for clear
definitions of terms such as "high-protein diet" and emphasizes
the importance of context when interpreting research findings. It
clarifies that conventional high-protein diets rarely exceed
approximately 3 g/kg/day, a level well below the threshold
associated with decreased TT. This distinction is crucial,
especially considering that the majority of the general
population and athletes typically consume protein levels below
the threshold of 3.4 g/kg/day.

The review also points out the need for further investigation
into the effects of protein intake ranging from 2.5-3.4 g/kg/day
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on testosterone levels, as well as the potential mitigating effects
of exercise on the relationship between high protein intake and
testosterone. Additionally, the differential effects of various
protein sources, such as plant versus animal protein and whole
foods versus protein powders, warrant exploration in future
research endeavors (12).

In conclusion, the review provides valuable insights into the
complex interplay between dietary protein intake and
testosterone levels. It underscores the importance of considering
varying levels of protein intake and contextual factors when
evaluating their effects on hormone regulation. Future research
should aim to elucidate the nuanced effects of protein intake on
testosterone levels, considering factors such as exercise, protein
source, and duration of intervention, to provide more
comprehensive guidance on dietary strategies for optimizing
hormonal balance and overall health.

VII. JUNK FOOD'S IMPACT ON TESTOSTERONE LEVELS

Junk food consumption can be regarded as modulators,
impacting testosterone production via complex physiological
interactions. The study conducted by (13) sheds light on the
intricate relationship between dietary patterns and circulating
testosterone (total T) levels, emphasizing the significant impact
of diet on hormonal balance and health outcomes. The findings
underscored those dietary habits characterized by high
consumption of Western-style foods, such as bread, pastries,
dairy products, and desserts, were associated with lower total T
levels and negative body composition, characterized by a rise in
visceral fat content and a reduction in skeletal muscle mass.
Conversely, individuals who preferred homemade foods,
noodles, and dark green vegetables exhibited healthier dietary
patterns and higher total T levels. Notably, the study highlighted
the role of dietary factors, such as insulin and red blood cell
(RBC) aggregation, in predicting total T levels independently.
Specifically, insulin showed a negative correlation, while RBC
aggregation showed a positive correlation with total T levels,
indicating the intricate interplay between diet, hormonal
regulation, and metabolic health. However, the study
acknowledged several limitations, including its cross-sectional
design and reliance on self-reported dietary assessments.
Nevertheless, these findings underscore the critical role of
dietary habits in influencing testosterone levels and overall
health outcomes, emphasizing the importance of further
research to elucidate the causal mechanisms and considering
possible dietary changes as therapies to maximize hormonal
balance.

VIIl. TESTOSTERONE AND BEHAVIOUR
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Research suggests that individuals with higher testosterone
levels are less likely to conform to social expectations or
pressures, leading to reduced compliance and obedience in
social situations (14). This highlights testosterone’s role in
diminishing strategic prosocial behaviour, particularly in men
seeking higher status in competitive environments. Another
study expands on this, showing that high testosterone fosters a
competitive drive and motivation to attain social dominance,
especially in men with low or unstable status within broader
societal hierarchies (15).

A study explored the link between exogenous testosterone

and aggressive behaviour, revealing that its effects are strongly
influenced by traits like dominance and self-control.
Specifically, men with higher dominance traits and lower self-
control are more prone to testosterone-driven aggression. This
underscores the nuanced relationship between testosterone and
behavioural traits, emphasizing its role in shaping responses to
social challenges (16).
Additionally, a study demonstrated how exogenous testosterone
suppresses strategic pro-sociality, reducing the tendency to
conform to audience expectations or deceptive reputation
strategies. Through reinforcement-learning drift-diffusion
computational modelling, the study showed that testosterone
does not impair learning itself but alters how learned
information translates into action when being observed. This
suggests that testosterone affects implicit reward processing,
reducing conformity and fostering independent decision-making
even in socially scrutinized environments. Taken together, these
findings present a complex picture of testosterone’s influence on
behaviour, reinforcing its role in promoting competitive, non-
conformist, and status-driven behaviours (14).

IX. DISCUSSION

Testosterone plays a vital role in male health, influencing
numerous physiological processes such as spermatogenesis,
secondary sexual characteristics, and overall well-being. As a
hormone with significant impact on athletic performance and
general health, understanding the factors that regulate
testosterone levels has gained considerable attention in recent
years. This review emphasizes the critical role of diet and
lifestyle choices in modulating testosterone production. Studies
have shown that the quality and quantity of dietary fats,
especially monounsaturated and omega-3 fatty acids, can
positively influence testosterone synthesis. In contrast, diets rich
in saturated fats, often linked to processed and junk foods, have
been associated with lower testosterone levels. Protein intake,
particularly from high-quality sources, also supports optimal
testosterone levels, especially when combined with physical
activity. Additionally, lifestyle factors such as exercise, sleep
quality, and maintaining a healthy body composition (BMI) are
integral in regulating testosterone. Resistance training, in
particular, has been linked to higher levels of testosterone,
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reinforcing the importance of physical activity in hormone
regulation.

While the impact of certain dietary factors is well-documented,
some areas remain contentious, particularly regarding the effects
of soy-based products and carbonated beverages. Soy contains
phytoestrogens, which have been shown to potentially interfere
with testosterone production, though research in this area has
produced mixed results. Similarly, the consumption of
carbonated beverages, especially those high in sugar, has been
implicated in lowering testosterone, possibly due to the presence
of endocrine-disrupting chemicals and the negative metabolic
effects of sugar. While moderate caffeine intake may boost
testosterone, especially in active individuals, the broader impact
of high caffeine consumption remains unclear. The evidence
underscores the importance of a balanced diet that includes
healthy fats and proteins while limiting processed foods and
high-sugar beverages. However, more research is needed to
understand the long-term effects of these dietary patterns on
testosterone and to establish more robust guidelines for dietary
and lifestyle interventions aimed at optimizing testosterone
levels.

X. CONCLUSION

This review highlights the critical role of diet and lifestyle in
modulating testosterone levels in young adults. Positive
influences on testosterone include high-quality dietary fats,
adequate protein intake, regular exercise, and maintaining a
healthy body weight, while negative impacts stem from poor
dietary habits, such as high sugar intake, processed foods, and
excessive soy consumption. The findings suggest that adopting
a balanced diet with an emphasis on healthy fats, proteins, and
regular physical activity could be effective in optimizing
testosterone levels. Despite the promising evidence, further
large-scale, long-term studies are needed to better understand
the mechanisms and long-term effects of dietary factors on
testosterone regulation.
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