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Abstract: Energy drinks are widely consumed by different age groups, often without
considering their potential adverse effects on health. This review examines the impact of
energy drinks on testicular morphology and morphofunctional status based on recent
scientific literature. Studies suggest that excessive consumption of energy drinks may lead
to structural and functional alterations in the testes, potentially affecting spermatogenesis
and hormonal balance. The underlying mechanisms may involve oxidative stress, hormonal
disruption, and cellular damage. This article aims to summarize the current knowledge on
the subject, highlighting key findings and research gaps to encourage further investigations.
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INTRODUCTION

The global consumption of energy drinks has surged over the past decade, with a
significant increase among adolescents and young adults. These beverages are often
marketed for their purported benefits in enhancing alertness, physical performance, and
cognitive function. However, emerging evidence suggests potential adverse effects
associated with their consumption, particularly concerning male reproductive health [6].

Recent studies have raised concerns about the impact of energy drinks on testicular
function. A cross-sectional study involving 2,935 young men (median age: 19 years)
reported that high intake of sugar-sweetened beverages (SSBs), which include energy
drinks, was associated with a 13.2 million/ml lower median sperm concentration compared
to non-consumers. Additionally, a decrease in total sperm count by 28 million and a
reduction in serum inhibin-B levels by 12 pg/ml were observed among high SSB
consumers. These findings suggest a potential suppressive effect of SSB intake on testicular
function, potentially affecting fertility [7][8].

The mechanisms underlying these associations remain to be fully elucidated. It is
hypothesized that components commonly found in energy drinks, such as high sugar content
and caffeine, may induce oxidative stress, disrupt hormonal balance, and impair
spermatogenesis. Understanding these mechanisms is crucial, given the rising prevalence of
male infertility and the widespread consumption of energy drinks [7].

This article aims to provide a comprehensive review of the current literature on the
effects of energy drink consumption on testicular morphology and morphofunctional status.
By synthesizing existing research, we aim to elucidate potential mechanisms of action,
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identify gaps in the current understanding, and suggest directions for future research in this
critical area of public health [2][4].

Relevance

The growing global consumption of energy drinks raises concerns about their potential
health risks, particularly on reproductive health. While numerous studies have explored the
cardiovascular and neurological effects of these beverages, limited attention has been given
to their impact on testicular morphology and function. Given the increasing prevalence of
male infertility and declining sperm quality, understanding how energy drinks influence
testicular structure, spermatogenesis, and hormonal regulation is crucial. This article
provides a comprehensive literature review on this topic, helping to bridge knowledge gaps
and guiding future research on reproductive toxicity associated with energy drink
consumption. Additionally, the findings may have public health implications, encouraging
awareness and regulatory measures to minimize reproductive health risks.

Complementary research has indicated a correlation between energy drink
consumption and diminished ejaculate quality. A study involving 60 male participants aged
22 to 40 years demonstrated that regular intake of energy drinks adversely affected semen
parameters, underscoring the negative impact on male reproductive function [6].

Animal studies have further elucidated the detrimental effects of energy drinks on
testicular health. In one experiment, rats administered energy drinks exhibited significant
reductions in serum testosterone levels, degeneration of seminiferous tubules, and increased
oxidative stress markers. These histological and biochemical alterations were dose-
dependent, indicating a direct relationship between energy drink consumption and testicular
damage [9].

While these studies provide compelling evidence of the adverse effects of energy
drinks on male reproductive health, it is imperative to acknowledge certain limitations.
Many human studies are cross-sectional, limiting the ability to infer causality. Additionally,
variations in study design, sample size, and assessment methodologies may contribute to
inconsistencies across findings. Therefore, further longitudinal and mechanistic studies are
warranted to substantiate these associations and elucidate underlying mechanisms.

Methodology

This review adheres to the IMRAD (Introduction, Methods, Results, and Discussion)
structure, focusing on the impact of energy drinks on testicular morphology and function. A
comprehensive literature search was conducted using databases such as PubMed, Scopus,
and Web of Science, covering publications up to March 2025. Keywords included "energy
drinks," "testicular morphology,” "spermatogenesis,” "male fertility," and "oxidative stress."

Inclusion criteria encompassed peer-reviewed articles reporting original research on
the effects of energy drinks on male reproductive parameters, including human
observational studies and animal experiments. Exclusion criteria comprised studies lacking
quantitative data, reviews without original findings, and research focusing solely on female
subjects.
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Data extraction involved compiling information on study design, population
characteristics, exposure assessment, outcome measures, and key findings. Statistical
analyses from the original studies were reviewed to interpret effect sizes, confidence
intervals, and significance levels. Emphasis was placed on studies employing robust
methodologies, such as randomized controlled trials and well-designed observational
studies, to ensure the reliability of conclusions drawn.

By synthesizing data from diverse studies, this review aims to provide a nuanced
understanding of the potential risks associated with energy drink consumption on male
reproductive health, thereby informing public health recommendations and guiding future
research endeavors.

Results

The investigation into the effects of energy drink consumption on testicular
morphology and function has yielded significant findings across various studies.

Human Studies. A comprehensive cross-sectional study involving 2,935 young men
(median age: 19 years) assessed the association between sugar-sweetened beverage (SSB)
intake and testicular function. Participants in the highest SSB consumption category
(median: 1.1 servings/day) exhibited a median sperm concentration decrease of 13.2
million/ml (95% CI: -21.0, -5.5) compared to non-consumers. Additionally, a reduction of
28 million in total sperm count (95% CI: -48, -9) and a 12 pg/ml decrease in serum inhibin-
B levels (95% CI: -21, -4) were observed. These findings suggest a direct suppressive effect
of SSB intake on testicular function, potentially affecting fertility [7].

Another study involving 60 male participants aged 22 to 40 years reported a
correlation between regular energy drink consumption and decreased ejaculate quality. The
systematic use of energy drinks was associated with a negative impact on male reproductive
function, highlighting the potential risks of habitual consumption [6].

Animal Studies. In an experimental study on Wistar rats, subjects were administered
varying doses of an energy drink over a 120-day period. Results indicated a significant
decrease in sperm concentration among treated groups compared to controls. Specifically,
groups receiving 2.5, 5, and 7.5 mL/kg/day exhibited sperm concentrations of 8.5 £ 0.7, 7.2
+ 0.9, and 8.4 £ 0.9 million/ml, respectively, versus 12.3 £ 1.2 million/ml in the control
group (p < 0.05). However, sperm motility and morphology remained unaffected. No
systemic toxicity signs or significant changes in organ weights were observed [10][11].

Another rodent study evaluated the impact of the "Fearless” energy drink on sperm
parameters and testicular histology. Treated groups demonstrated a statistically significant
decrease in both sperm count and motility. Histological analysis revealed moderate
spermatogenic arrest in groups receiving lower doses, while the highest dose group
exhibited marked degeneration of interstitial cells and congested, thickened vessels within
the interstitial tissue [11].

The collective data from human and animal studies indicate that energy drink
consumption may adversely affect testicular function. Notable findings include reductions in
sperm concentration and total sperm count, as well as histological alterations in testicular
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tissue. These results underscore the need for caution regarding energy drink intake,
particularly among individuals concerned with reproductive health [7].

Discussion. The escalating global consumption of energy drinks has prompted
extensive research into their potential health implications, particularly concerning male
reproductive health. This discussion synthesizes findings from recent studies, elucidating
the impact of energy drinks on testicular morphology and function.

Human Studies. A substantial cross-sectional study involving 2,935 young men
(median age: 19 years) revealed that individuals in the highest category of sugar-sweetened
beverage (SSB) intake (median: 1.1 servings/day) exhibited a median sperm concentration
decrease of 13.2 million/ml compared to non-consumers. Additionally, these individuals
demonstrated a reduction of 28 million in total sperm count and a 12 pg/ml decrease in
serum inhibin-B levels. These findings suggest a direct suppressive effect of SSB intake on
testicular function, potentially affecting fertility[1][3].

Complementary research has indicated a correlation between energy drink
consumption and diminished ejaculate quality. A study involving 60 male participants aged
22 to 40 years demonstrated that regular intake of energy drinks adversely affected semen
parameters, underscoring the negative impact on male reproductive function [6][9].

Animal Studies. Animal models have provided further insights into the deleterious
effects of energy drinks on testicular health. In one study, rats administered varying
concentrations of an energy drink over eight weeks exhibited significant reductions in sperm
quality parameters, including decreased sperm count and motility. Biochemical analyses
revealed elevated levels of oxidative stress markers, such as malondialdehyde (MDA), and
decreased antioxidant enzyme activities, including superoxide dismutase (SOD) and
glutathione (GSH). Histological examinations demonstrated degeneration of seminiferous
tubules and interstitial cells, with severity correlating to the dosage administered [9][12].

Potential Mechanisms. The observed adverse effects on testicular function may be
attributed to several mechanisms:[6][9][12][13].

1. Oxidative Stress: Energy drinks often contain high levels of caffeine and other
stimulants, which can induce oxidative stress by generating reactive oxygen species (ROS).
Elevated ROS levels can overwhelm the antioxidant defense system, leading to lipid
peroxidation, protein oxidation, and DNA damage within testicular cells. This oxidative
milieu disrupts spermatogenesis and impairs sperm quality [5].

2. Hormonal Disruption: Consumption of energy drinks has been associated with
decreased serum testosterone levels. Testosterone is pivotal for the regulation of
spermatogenesis and the maintenance of secondary sexual characteristics. The reduction in
testosterone levels may result from damage to Leydig cells, which are responsible for
testosterone production, or from disruptions in the hypothalamic-pituitary-gonadal axis [9].

3. Histopathological Alterations: Energy drink consumption has been linked to
structural changes in testicular tissue, including degeneration of seminiferous tubules and
interstitial cells. These morphological alterations can compromise the integrity of the blood-
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testis barrier, disrupt the microenvironment necessary for spermatogenesis, and lead to
apoptosis of germ cells.

Limitations and Future Directions. While the current body of research provides
compelling evidence of the negative impact of energy drinks on male reproductive health,
several limitations warrant consideration:

- Study Design: Many human studies are cross-sectional, limiting the ability to infer
causality. Longitudinal studies are needed to establish temporal relationships between
energy drink consumption and reproductive outcomes.

- Dosage and Duration: Variations in the dosage and duration of energy drink exposure
across studies make it challenging to delineate safe consumption thresholds. Standardized
protocols in future research would enhance comparability.

- Ingredient Complexity: Energy drinks contain a myriad of ingredients, including
caffeine, taurine, guarana, and various sugars. Isolating the effects of individual components
is necessary to identify specific culprits and their mechanisms of action.

Future research should focus on elucidating the molecular pathways underlying the
observed effects, exploring potential reversibility of testicular damage upon cessation of
energy drink consumption, and investigating the impact on human fertility outcomes.

The collective evidence underscores a potential link between energy drink
consumption and impaired testicular function, characterized by reduced sperm quality,
hormonal imbalances, and structural abnormalities. These findings highlight the need for
public health initiatives to raise awareness about the possible reproductive risks associated
with energy drink intake and to promote informed consumption choices among males of
reproductive age.

Conclusion. The findings from human and animal studies indicate that excessive
energy drink consumption may have detrimental effects on testicular morphology and
function. Notable observations include reductions in sperm concentration, total sperm count,
and testosterone levels, alongside histopathological alterations in testicular tissue. These
outcomes are likely mediated by oxidative stress, hormonal disruptions, and direct cytotoxic
effects on testicular cells.

Given the widespread consumption of energy drinks, particularly among young males,
the potential implications for male reproductive health warrant serious attention. While
current evidence suggests a strong association between energy drink intake and impaired
spermatogenesis, further longitudinal and mechanistic studies are necessary to establish
causality and delineate safe consumption thresholds.

Public health initiatives should focus on educating consumers about the possible
reproductive risks associated with energy drink consumption. Additionally, regulatory
measures may be necessary to limit excessive intake, particularly among vulnerable
populations. Future research should explore intervention strategies to mitigate the negative
effects of energy drinks on reproductive function and assess the reversibility of testicular
damage upon discontinuation.
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Ultimately, this review underscores the need for increased awareness and
precautionary measures regarding the impact of energy drinks on male reproductive health,
advocating for further scientific exploration to fully understand the long-term consequences.
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