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Abstract: Obesity is the most common chronic disease worldwide, with numerous adverse health effects.
In addition to contributing to type 2 diabetes and cardiovascular disease, obesity increases the risk of
conditions such as obstructive sleep apnea and osteoarthritis. Furthermore, it is closely associated with
impaired male reproductive health. In recent years, as global obesity rates have risen dramatically,
male reproductive health disorders have also increased significantly. This paper reviews the
relationship between obesity and male reproductive dysfunction, explores the underlying mechanisms
of obesity-related male infertility, and proposes potential interventions to improve reproductive health
outcomes.
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1. Introduction

A body mass index (BMI) of=30 kg/m? indicates obesity, which is defined by the World Health
Organization (WHO) as a metabolic disorder caused by excessive accumulation of body fat!!! . The
human body has a diverse distribution of adipose tissue and one of the main characteristics of our
population is the predominance of visceral fat in the abdominal cavity. Therefore, the most common
form of obesity in our country is centripetal obesity, sometimes referred to as abdominal obesity™ .
Studies have shown a strong correlation between male reproductive health and the accumulation of
abdominal fatl®', which may lead to hormonal abnormalities, poor sperm quality and reduced fertility.
China now has the largest obese population in the worldl®!, as obesity rates have skyrocketed over the
past few decades*!. However, the impact of obesity goes far beyond this; it is strongly associated with
the risk of a number of chronic diseases, including diabetes, heart disease, hypertension, and
dyslipidemial® , which poses a serious problem for both individual health and the social healthcare
system. Obesity is a major problem that needs to be addressed urgently, especially because of its
distributional characteristics and impact on male reproductive health. According to recent data”, more
than 20% of men of reproductive age are obese. In recent years, low fertility and obesity rates in men
have steadily increased. In addition to the general decline in semen quality and the varying degrees of
impact on sperm count, motility, and morphology, many studies have shown that the fertility of obese
men is much lower than that of normal-weight men!®!% . In this paper, by summarizing the relationship
between male obesity and reproductive health, briefly exploring the intrinsic mechanism of male
obesity leading to infertility, and combining with previous studies, organizing and sorting out the
relevant preventive strategies that can improve male obesity, thus improving male fertility.

2. Effects of male obesity on reproductive health
2.1 Decline in sperm quality

Semen quality is an important reflection of testicular function and a key factor in assessing male
fertility. Male infertility caused by obesity has complex mechanisms, including many possible
influences. Obesity has a complex effect on semen quality, resulting in decreased sperm count,
decreased motility, and increased malformations.

2.1.1 Decreased sperm count

(1) Oxidative stress
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One of the key causes of male infertility is sperm destruction caused by reactive oxygen species
(ROS). The imbalance between the body's antioxidant capacity and the production of reactive oxygen
species is known as oxidative stress!'l* Studies have shown a significant positive correlation between
the body mass index (BMI) of male spermatozoa and their level of oxidative stress'?l . Obesity
exacerbates oxidative stress in spermatozoa, which can damage sperm DNA and drastically reduce their
ability to fertilize!'*]. This inhibits spermatogenesis and reduces sperm count.

(2) Hormonal Imbalance

Testosterone is essential to maintain healthy male reproductive function. Once testosterone binds
and activates its receptors, it can initiate the process of spermatogenesis by binding to certain
nucleotides in chromosomal DNA. Lack of testosterone affects the ability of spermatogenic cells to
proliferate and undergo apoptosis, which prevents proper initiation of spermatogenesis and reduces
sperm count!'* . In addition, testosterone deficiency leads to decreased sperm viability and quality.
Functional gonadal hypoplasia or low testosterone is common in obese men and significantly impairs
spermatogenesis and male fertility!'>. Spermatogenesis is inhibited by hypothalamic-pituitary-gonadal
(HPG) axis dysfunction and elevated aromatase activity in adipose tissue, which reduces testosterone
levels!'®l,

2.1.2 Decreased sperm motility
(1) Metabolic abnormalities

Insulin resistance disrupts the hormonal balance of the HPG axis, leading to hypogonadism and
decreased testosterone synthesis, which affects spermatogenesis. Insulin resistance and hyperglycemia
are common metabolic disorders associated with obesity, and they interfere with the energy metabolism
of spermatozoa, thereby decreasing sperm motility!!"l.

(2) Inflammatory response

Obesity can reduce sperm quality by inducing an inflammatory response. Obese men have
significantly higher levels of inflammatory factors in serum, testicular tissue and seminal plasma,
including tumor necrosis factor a (TNF-a), interleukin-1 (IL-1), interleukin-6 (IL-6) and interleukin-18
(IL-18)!'81 | By altering the blood-testis barrier, decreasing spermatogonia differentiation, inhibiting
meiotic DNA synthesis, decreasing sperm viability, and interfering with gap junction communication in
supporting cells, these inflammatory substances may have a direct effect on spermatogenesis!!®’.

2.1.3 Increased malformation rate
(1) DNA damage

Obesity is strongly associated with higher rates of sperm malformations and DNA damage, and
there is growing evidence that fragmentation of sperm DNA in men is strongly associated with the
accumulation of abdominal fat!?*2!l | The main reason for this is increased oxidative stress and high
levels of reactive oxygen species (ROS) leading to lipid peroxidation, DNA damage, enzyme
inactivation, and oxidation of sperm proteins, which leads to sperm malformations!??!.

(2) Epigenetic alterations

Through multiple pathways, including oxidative stress, chronic inflammation, hormonal imbalance,
abnormal lipid metabolism, and insulin resistance, male obesity causes epigenetic changes, including
abnormal sperm DNA methylation, altered histone modifications, and dysregulated noncoding RNA
expression!!® 2% These alterations affect sperm gene expression and function, decrease sperm quality,
increase the likelihood of sperm abnormalities, and may negatively affect the health of the offspring.

2.2 Endocrine disruption

Obesity interferes with the endocrine system and affects the secretion of reproductive hormones,
leading to significant changes in hormone levels in men, mainly in the form of decreased levels of
androgens (e.g., testosterone) and increased levels of estrogens. The specific mechanisms are as
follows:

2.2.1 Decrease of androgen

One of the main features of physiological changes in adipose tissue in the obese male group is the
increase in aromatase activity. Adipose tissue is an active organ that has an endocrine function in
addition to storing energy. Adipose tissue in the male body increases significantly in obesity, as does
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the activity and amount of aromatase. Through a series of biochemical processes, this key catalytic
enzyme is able to permanently convert testosterone, an important androgen in the male body, into
estrogen. The effectiveness of the conversion of testosterone to estrogen increases with the increase in
aromatase activity, which ultimately leads to a significant decrease in testosterone levels in the body.
This can upset the natural hormonal balance and may lead to a number of health problems, such as loss
of muscle mass, metabolic abnormalities and decreased sexual function(®! .

2.2.2 Hypothalamic-pituitary-gonadal axis dysfunction

Hypothalamic-pituitary-gonadal (HPG) axis dysfunction is the main way in which obesity affects
the reproductive endocrine system. Obese individuals have insulin resistance and persistent low-grade
inflammation due to excess adipose tissue, which prevents the hypothalamus from producing
gonadotropin-releasing hormone (GnRH)!?¥. Pituitary function is directly affected by the decline in
GnRH, which leads to a decrease in follicle-stimulating hormone and luteinizing hormone (LH)
release. This affects testicular function, creating a vicious cycle that further impairs male fertility.

2.2.3 Leptin resistance

Adipocytes secrete the important hormone leptin, which is essential for controlling the body's
endocrine and metabolic processes. Leptin can reduce testosterone production through direct action on
testicular interstitial cells, which interferes with intracellular signaling pathways and inhibits the
expression and activity of important enzymes involved in testosterone synthesis. The accumulation of
adipose tissue in obese individuals leads to a significant increase in leptin release!®! . However,
prolonged high levels of leptin may lead to leptin resistance and reduce the body's sensitivity to leptin.
The direct inhibitory effect of leptin on testicular interstitial cells may still exist and may even be
enhanced due to elevated leptin levels in the body. Obesity negatively affects people's physical and
mental health because it not only decreases testosterone production but may also lead to gonadal
dysfunction, which can cause problems including decreased libido and decreased sperm quality.

2.2.4 Elevated estrogen

Estrogen levels in the body rise due to increased deposition of adipose tissue, which promotes the
conversion of testosterone to estradiol®® . The disruption of the negative feedback regulatory
mechanism of the hypothalamic-pituitary-gonadal axis as a result of rising estrogen levels and
decreasing testosterone levels triggers a vicious cycle of infertility and declining sperm counts.

These hormonal changes not only affect spermatogenesis but may also lead to decreased libido,
decreased muscle mass, and other manifestations of diminished masculinity, further exacerbating
reproductive health problems in obese men.

2.3 Sexual dysfunction

Obesity is an important risk factor for sexual dysfunction in men, which is mainly characterized by
erectile dysfunction (ED) and decreased libido. The following are the specific mechanisms and
manifestations of sexual dysfunction due to obesity:

2.3.1 Erectile dysfunction (ED)
(1) Endothelial dysfunction

Insulin resistance and metabolic syndrome, often associated with obesity, may impair endothelial
function. Obesity-induced chronic inflammation and oxidative stress impair the normal function of
endothelial cells, which in turn affects blood flow to the cavernous body of the penis. Endothelial cells
are essential for controlling vasodilation and constriction®”!. Erectile dysfunction is directly caused by
inadequate blood supply.

(2) Decreased nitric oxide (NO)

Nitric oxide (NO) is an important mediator of penile erection, as it relaxes vascular smooth muscle
and promotes engorgement of the cavernous body of the penis. Increased inflammatory factors
(including TNF-a and IL-6) in obese individuals can limit the function of nitric oxide synthase (NOS),
thereby reducing NO production®! . In addition, oxidative stress associated with obesity may
accelerate the breakdown of nitric oxide, reducing its physiological effects and increasing the risk of
erectile dysfunction.
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2.3.2 Decreased libido

Hypoactive libido is another common manifestation of sexual dysfunction in obese men, which is
mainly related to hormonal imbalance.

(1) Low testosterone level

The key hormone that maintains male desire and sexual function is testosterone. Functional
hypogonadism, which is characterized by significantly lower testosterone levels, is common in obese
men. Low testosterone levels affect the initiation and maintenance of sexual behavior!!”), as well as
directly reducing libido. Insufficient testosterone also leads to a further decline in sexual function,
increased fatigue, and reduced muscle mass.

(2) High estrogen levels

Due to increased aromatase activity in adipose tissue, obese men convert more testosterone to
estrogen, which raises estrogen levels in the body. Through a negative feedback mechanism, high
estrogen levels inhibit the hypothalamic-pituitary-gonadal (HPG) axis, which further decreases
testosterone production and begins a vicious cycle®!. In addition to decreasing libido, high estrogen
levels can exacerbate sexual dysfunction by affecting emotional and psychological well-being.

3. Intervention strategies
3.1 Lifestyle intervention

Lifestyle intervention is the basis for improving the reproductive health of obese men, mainly
including diet control and exercise intervention, which can effectively regulate chronic inflammation
and oxidative stress, thus improving sperm quality and sexual function.

3.1.1 Diet control and weight loss
(1) High-protein diet

Male reproductive health is significantly affected by dietary components, of which protein and
antioxidant intake are particularly important. The major endocrine system controlling male
reproductive function is the hypothalamic-pituitary-testicular axis. Hormone synthesis and secretion in
this axis may be affected by inadequate protein intake, which is the basic building block of life. This
may result in decreased secretion of luteinizing hormone and gonadotropin-releasing hormone, which
reduces testosterone synthesis, impairs spermatogenesis, and decreases male fertility potential®! .
Obese men often suffer from chronic inflammation and oxidative stress due to fat accumulation, which
leads to sperm DNA damage and decreased viability. Fertility in obese men can be improved by
consuming a diet rich in antioxidants such as vitamins C and E, zinc, and selenium, which are found in
fresh fruits and vegetables, nuts, and deep-sea fish. These antioxidants neutralize free radicals, reduce
inflammatory responses, repair damaged germ cells, and significantly improve sperm quality and
function®%,

(2) Mediterranean Diet

The Mediterranean diet has been recognized by UNESCO as an “intangible cultural heritage” and is
known for its rich antioxidant and anti-inflammatory content!. Vegetables, fruits, legumes, whole
grains, olive oil, and fish make up the majority of the diet, while red meat, dairy products, sweets, and
highly processed foods are consumed to a lesser extent!3?!. Increased testosterone levels and improved
sperm quality are two of the main advantages of MD antioxidant ingredients, which include vitamin A,
B vitamins, omega-3, zinc, selenium, N acetylcysteine and alpha-lipoic acid3341,

3.1.2 Exercise interventions

Regular exercise helps to improve sexual function and hormone levels. According to research*!,
men who exercise regularly have higher sperm motility than sedentary individuals. Sperm quality can
be effectively promoted by moderate-intensity aerobic exercise*®! . By enhancing the antioxidant
defense of the testes, decreasing pro-inflammatory cytokines, and promoting steroidogenesis, exercise
has significant potential for the treatment of lifestyle-related male infertility”).
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3.2 Pharmacologic therapy

Pharmacotherapy is an important intervention for obesity-related metabolic abnormalities and
endocrine disruption.

3.2.1 Improvement of insulin sensitivity
(1) Metformin

Lowers blood glucose and insulin levels by reducing hepatic glucose production and improving
insulin sensitivity in peripheral tissues(*®1.

(2) Thiazolidinediones (e.g., rosiglitazone, pioglitazone)
Activate PPAR-y receptors, enhance insulin sensitivity and improve glycemic control™1,
3.2.2 Anti-inflammatory effects

SGLT?2 inhibitors (e.g., dagliflozin, empagliflozin) reduce blood glucose by inhibiting renal glucose
reabsorption while reducing inflammatory responses!* .

3.3 Testosterone replacement therapy (TRT)

Low testosterone levels are common in obese men, and testosterone deficiency can be treated with
testosterone replacement therapy (TRT)!'S. In addition to improving metabolic syndrome, insulin
sensitivity, and body fat distribution, testosterone replacement therapy significantly reduces erectile
dysfunction, low libido, fatigue, depression, and other quality of life issues!*!l.

3.4 Surgical interventions

Bariatric surgery, such as gastric bypass, is a successful solution for extremely obese individuals.
Significant weight loss, improved endocrine function, and increased libido and sexual satisfaction are
all possible outcomes of this surgery!*?!. According to a study, testosterone levels in men increased
significantly after the procedure and semen quality improved™¥. This effect is directly related to the
reduction of visceral fat, which decreases the activity of aromatase, thus reducing the conversion of
testosterone to estradiol*41,

3.5 Assisted Reproductive Technology (ART)

IVF and ICSI are examples of assisted reproductive technologies that offer significant fertility
prospects for obese male infertile patients. However, since obesity affects sperm quality and embryo
development, it may reduce the success rate of assisted reproductive technology (ART)™!. Therefore,
improving the success rate of assisted reproductive technology (ART) requires multidisciplinary
collaboration and comprehensive interventions (e.g., medication and lifestyle changes).

4. Conclusion

At this stage, obesity in adults is mainly caused by unhealthy eating habits and lifestyle decisions,
and obesity is a major risk factor for male reproductive health. The reproduction of the species is
crucial because reproductive function is the basis of its survival. Enhancing the health management of
obese men is clinically important because obesity affects male fertility through complex interactions
between multiple factors. The primary goal of treating overweight or obese infertile men is to modify
their lifestyle (e.g., diet and exercise) to bring their weight down to the normal range. However, for
men who are extremely obese, do not respond well to lifestyle changes, or have other difficulties,
medical weight loss techniques such as medications or surgery may be considered. Keeping the weight
of obese individuals in the normal range is critical to reducing the incidence of obesity-related
problems.

The active prevention and treatment of obesity and the maintenance of reproductive health have
become key priorities in contemporary society, and the number of obese men is steadily increasing.
Studies have shown that chronic inflammation and oxidative stress in the gonadal tissues are important
factors in the obese infertile population. In order to prevent and treat male infertility caused by obesity,
future research should focus on methods to maintain redox balance and alleviate chronic inflammatory
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diseases.
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