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Abstract

This review examines the multifaceted relationship between obesity and human reproduction, emphasizing the molecular,
cellular, and systemic mechanisms by which excessive adiposity impairs fertility in both women and men. We synthesized
findings from epidemiological, experimental, and clinical studies to explore how obesity influences hormonal balance,
gametogenesis, and treatment outcomes in assisted reproduction. Mechanistic pathways, including insulin resistance,
mitochondrial dysfunction, oxidative and endoplasmic reticulum stress, were critically analyzed. In women, obesity
disrupts ovulation, oocyte maturation, and hormonal regulation, primarily through insulin resistance, altered adipokine
secretion, and mitochondrial and ER stress. In men, obesity compromises spermatogenesis, testosterone production, and
sperm quality via hormonal imbalance, oxidative stress, and inflammation. These disruptions lead to poorer outcomes in
fertility treatments, including decreased oocyte quality and live birth rates. However, interventions such as weight
reduction, pharmacological therapies (metformin, GLP-1 agonists), and bariatric surgery significantly improve reproductive
outcomes. Obesity exerts profound, bidirectional effects on reproductive health through metabolic and molecular
disturbances. Comprehensive management integrating lifestyle, pharmacological, and surgical strategies offers a promising
route to restore fertility in obese individuals. Recognizing obesity as a critical determinant of reproductive potential
highlights the need for integrated metabolic and reproductive care.
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1. Introduction

In today's world, the increasing rate of obesity has become a significant public health issue, affecting various aspects of
human health. Obesity, characterized by an excessive buildup of fat, is no longer seen just as a result of lifestyle choices but
has evolved into a complex condition with deep impacts on bodily and metabolic functions. The World Health
Organization reported that in 2011, over 1.6 billion adults were overweight, and 400 million were obese, underlining the
gravity of this issue on a global scale [1, 2].

Along with the growing problem of obesity, female infertility, which is the inability to achieve a clinical pregnancy
after 12 months of regular unprotected sex, is also rising as a critical global health concern. The delicate balance of
hormones, cell functions, and body structures essential for female fertility can be easily disrupted, and obesity, with its
broad systemic effects, has been pinpointed as a major factor. The overlap of these two health issues presents a complicated
scenario [3, 4]. Obesity can directly affect women's reproductive health through its metabolic and hormonal changes.
Conversely, the psychological effects of infertility can lead to behaviors that promote weight gain, forming a difficult cycle
to break. Recognizing this connection is crucial for several reasons. It has immediate health consequences for those
involved and wider social and economic impacts. Infertility can cause deep psychological pain, affecting personal
relationships, mental health, and life quality. Additionally, in many societies, the ability to have children is closely tied to
cultural roles and expectations, leading to stigma and exclusion for those who are infertile [5, 6].

Moreover, the financial costs of treating infertility, especially when linked with obesity, are significant. From testing to
treatment, the expenses can be overwhelming, putting more pressure on healthcare systems that are already under strain. In
this review, we aim to explore the complex ways obesity affects female reproductive health. By examining a wide range of
epidemiological, clinical, and molecular research, we strive to offer a thorough understanding of this important intersection
between metabolic and reproductive health [7, 8].

2. Ovulation and Menstrual Cycle Abnormalities

As early as 1633, the French surgeon and obstetrician Paré noted cases of women with increased weight, absence of
menstruation, and signs of elevated male hormones. In the seminal account of Stein—Leventhal syndrome, obesity was
observed in three out of seven patients with rare or absent menstrual cycles. The first detailed study exploring the link
between obesity and menstrual irregularities found a 48% obesity rate among 60 women without menstruation, compared
to a 13% rate in a group with regular menstrual cycles [9, 10]. Generally, studies indicate that 30%-36% of obese women
experience menstrual irregularities, though reports vary widely from under 10% to over 50%. In a study comparing 597
women with anovulatory primary infertility to 1,695 women with at least one child, the relative risks of infertility due to
lack of ovulation were significantly higher: 3.1 (95% confidence interval [Cl], 2.2—-4.4) and 2.4 (95% ClI, 1.7-3.3) for those
with a body mass index (BMI) over 27 kg/m”2, both before and after adjusting for age and physical activity [11, 12]. The
likelihood of experiencing absent or infrequent menstruation climbs with increasing levels of overweight or obesity, both in
adults and adolescents. Being obese at age 7 is a standalone risk factor for menstrual issues by age 33 [13, 14].

Women with obesity are more prone to ovulatory dysfunction, often complicated by the presence of polycystic ovary
syndrome (PCOS). According to the Nurses’ Health Study, the risk of infertility due to lack of ovulation escalates with
increasing BMI. Higher BMI at age 18 was also linked to a greater risk of anovulatory infertility, regardless of PCOS
diagnosis (relative risk [RR], 1.0, and BMI, 20.0-21.9; 1.3 and BMI, 24-25.9; 1.7 and BMI, 26-27.9; 2.4 and BMI, 28—
29.9; 2.7 and BMI, 30-31.9; and 2.7 and BMI, >32 kg/m2) [15, 16]. The distribution of body fat plays a crucial role, as
women with ovulatory dysfunction tend to have a larger waist circumference and more abdominal fat compared to
ovulatory women of similar BMI. Further research supports that abdominal fat is a stronger predictor of ovulatory
dysfunction than overall body fat [17, 18].

Obesity is frequently observed in individuals with PCOS, making PCOS a complicating factor in understanding these
relationships. The impact of BMI on the likelihood of ovulatory issues, especially when PCOS is not a factor, remains
unclear. This is partly due to the diverse criteria and manifestations of PCOS. While obesity rates in women with PCOS
have risen, mirroring the general population's increase, the risk of developing PCOS due to obesity is relatively small [19,
20].

Modest weight reduction, achieved through lifestyle changes with or without the help of weight loss drugs, has shown
to improve ovulation and regulate menstrual cycles in women with PCOS. Furthermore, bariatric surgery has led to the
resolution of amenorrhea in many obese women. However, accurately assessing the prevalence or risk of menstrual
irregularities in obese women is difficult [6, 21]. This difficulty is compounded by the reliance on retrospective self-reports
for most studies on menstrual irregularities, the accuracy of which has been questioned, especially in women with atypical
average menstrual cycle lengths [22, 23].

Differences in reproductive hormones are observed among women across different BMI categories, even when they
have regular menstrual cycles, indicating that the impact of obesity on menstrual function varies in severity. In obese
women with ovulatory cycles, there are notable changes including reduced levels of luteinizing hormone (LH) throughout
the cycle, diminished LH pulse amplitude during the early follicular phase, decreased levels of follicle-stimulating hormone
throughout the cycle, prolonged follicular phases, shortened luteal phases, and lower levels of luteal phase progesterone
metabolites compared to women of normal weight with ovulatory cycles [24, 25].

Central obesity and an increase in visceral fat can lead to insulin resistance and elevated insulin levels. This insulin
resistance can further lead to increased levels of androgens due to its direct effect on the ovaries and by reducing the
production of sex hormone-binding globulin in the liver, which is often associated with PCOS [26]. The presence of high
androgen levels, along with increased conversion of androgens to estrogens in fat tissue, the accumulation of sex steroids in
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adipose tissue, changes in leptin and other adipokine levels, alterations in insulin-like growth factor binding protein
production, and compromised function of granulosa cells, all disrupt the normal functioning of the hypothalamic—pituitary—
gonadal axis, leading to menstrual irregularities [27, 28].

3. Effects of Obesity on the Oocyte Maturation

In bisexual reproduction, the female gametes are primarily responsible for storing energy and matter crucial for the
development of the zygote later on. The process of developing female gametes is intricate and highly specialized. In higher
animals, particularly mammals, follicles serve as the foundational structure for the development of female gametes. The
development of follicles involves two main processes: firstly, the germ cell undergoes an orderly suspension and
resumption of development, achieving maturation in both the nucleus and cytoplasm of the oocyte [29, 30]. Secondly,
follicular cells experience various stages of differentiation and proliferation, regulating the orderly development of germ
cells while also fulfilling their hormonal functions. A key aspect of the initial stage of follicular development is the growth
of oocytes, which is crucial for determining the potential of the embryo. Oocytes within primordial follicles are halted in
the prophase of meiosis I, becoming primary oocytes. As oocytes grow to a certain size, they acquire the capability to
resume meiosis. At this stage, oocytes possess large nuclei, loosely packed chromatin, and intact nuclear membranes,
known as germinal vesicles (GV) [31, 32]. If fully grown oocytes are released from follicular restraint, they may
spontaneously resume meiosis, a process referred to as germinal vesicle breakdown (GVBD). Following GVBD, oocytes
complete the first meiotic division, separate homologous chromosomes, and expel the first polar body. Subsequently,
spindles reassemble, and oocytes proceed to metaphase Il, remaining in this stage until fertilization occurs. However,
studies have shown that oocytes collected from both obese women and mice are of inferior quality, suggesting that obesity
adversely affects oocyte maturation [33-35].

3.1. Meiotic Maturation

Full meiotic maturation involves the continuation of meiosis and accurate chromosome segregation. An oocyte in
meiotic arrest is identified by its nucleus, which possesses GV. The commencement of meiotic resumption is marked by the
GVBD. Following GVBD, the oocyte completes the first meiotic division, segregates homologous chromosomes, and
ejects the first polar body [34, 36]. The spindle then reorganizes and progresses to the second meiotic metaphase until
fertilization occurs. In mouse models of obesity induced by a high-fat diet, 39.45% of oocytes from obese mice achieved
GVBD, in contrast to 89.46% of oocytes from the control group, and oocytes from obese mice were also smaller than those
from controls. Additionally, oocyte maturation in obese mice during in vitro fertilization (IVF) was observed to be delayed
[37,38].

The spindle, essential for chromosome separation, is a dynamic structure primarily made up of longitudinally aligned
microtubules. Its function is to gather, sort, and distribute chromosomes to the daughter cells during division. During the
first meiotic division, GVBD triggers the formation of bipolar spindles around chromosomes. At the conclusion of this
stage, the spindle moves to the cortex, initiating cortical reorganization. Following the extrusion of the first polar body,
oocytes enter the second meiotic division, and spindles form rapidly beneath the first polar body [39]. The spindle's
integrity is crucial for accurate chromosome segregation, and any segregation errors can result in aneuploidy, leading to
early pregnancy loss. Polarized light microscopy can identify spindle abnormalities in oocytes, and the likelihood of
encountering oocytes with disorganized spindles and misaligned chromosomes was significantly higher in severely obese
groups compared to normal BMI groups [40]. Research in high-fat diet (HFD)-induced obesity models aligns with clinical
observations in humans, showing a notable increase in abnormal spindle structures and chromosome misalignment in
oocytes from HFD mice. Moreover, analysis of oocytes from diet-induced obesity (DIO) mice showed a high incidence of
meiotic aneuploidy, characterized by disordered spindles and chromosomes not properly aligned on the metaphase plate
[41, 42].

3.2. Mitochondrial Dysfunction

Oocyte maturation encompasses two distinct processes: the resumption of meiosis, known as nuclear maturation, and
cytoplasmic maturation. The latter is crucial for determining the fertilization capacity of the mature oocyte and the
developmental potential of the early embryo. A key player in this process is the mitochondria, the primary organelles
inherited from the mother, located in the oocyte's cytoplasm. These organelles are pivotal for maturation, fertilization, and
embryonic development, primarily through their role in generating 5'-adenosine triphosphate (ATP) via the tricarboxylic
acid (TCA) cycle and oxidative phosphorylation (OXPHOS) [43, 44]. It is observed that mitochondrial DNA (mtDNA)
copy numbers can increase more than 30-fold from primary oocytes to the Ml stage oocytes. Oocytes with higher mtDNA
copy numbers tend to be more robust and are more likely to be successfully fertilized than those with lower mtDNA
numbers, indicating a correlation between mtDNA copy number and oocyte quality. During maturation, an increase in the
mitochondrial membrane potential is noted, which boosts OXPHOS activity [45, 46]. This increase is critical for oocyte
development, as a lack of membrane potential can diminish the oocyte's developmental potential. Additionally, higher ATP
levels are associated with improved fertilization rates and embryo development [47, 48].

In the context of obesity, oocytes from obese mice display significantly higher mtDNA copy numbers compared to
those from lean mice, alongside increased expression of mitochondrial biogenesis and fission markers (PGC-1a and Drp-1),
and elevated levels of mtTFAM and NRF1, which are nuclear genes encoding mtDNA transcription factors. These changes
suggest that oxidative stress from obesity leads to mitochondrial damage, triggering compensatory increases in
mitochondrial biogenesis and fission [49, 50]. However, mitochondria in oocytes from obese mice show structural
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abnormalities, such as fewer cristae, disorganized arrangement, reduced electron density, increased swelling, and
vacuolation. Moreover, these mitochondria tend to clump together rather than being evenly distributed throughout the
ooplasm, as seen in normal mice. Studies using potentiometric fluorescent dyes have shown that while some obese mice
models exhibit increased membrane potential in oocytes and zygotes, generally, the mitochondrial membrane potential in
oocytes from obese mice is lower than in those from lean mice [51, 52]. Additionally, oocytes from obese mice have been
found to be more oxidized with a higher rate of reactive oxygen species (ROS) production. Collectively, these findings
indicate that obesity negatively impacts mitochondrial structure, distribution, and function in oocytes, adversely affecting
oocyte maturation [53, 54].

3.3. Endoplasmic Reticulum Stress

The endoplasmic reticulum (ER) is an essential cellular organelle involved in the synthesis, folding, trafficking of
proteins, and the regulation of calcium levels. ER stress arises when the ER in liver and adipose tissues becomes
overloaded with misfolded proteins. Research has shown that obesity can induce ER stress in mammalian cells. In obese
pregnant women, markers of ER stress such as inositol requiring enzyme lo (IREla), glucose-regulated protein 78
(GRP78), and X-box binding protein 1 (XBP1) were found to be significantly elevated in adipose tissue compared to their
lean counterparts [55, 56]. Similarly, ER stress levels were higher in the adipose tissue of women with gestational diabetes
mellitus than in those with normal glucose tolerance and comparable BMI. In the placenta, the expression of ER stress-
related factors XBP1, activating transcription factor 4 (Atf4), and the molecular chaperone calnexin were reduced
following a HFD during pregnancy [57, 58].

Protein synthesis, crucial for oocyte maturation, relies on the translation of maternal mRNA. The ER is vital in
supporting the increased protein requirements of oocytes through accurate protein synthesis, folding, and modification,
highlighting the importance of managing ER stress during oocyte maturation. Lipid accumulation occurs not only in
adipose but also in non-adipose tissues, leading to elevated free fatty acid levels, lipotoxicity, and ER stress, which is
linked to mitochondrial damage [59, 60]. Evidence of ER stress impacting oocyte quality includes studies where cumulus-
oocyte complexes (COCs) exposed to thapsigargin, a potent ER stress inducer, showed reduced cumulus cell expansion and
poor pre-implantation development. Similarly, exposure to palmitic acid, another ER stress inducer, diminished cumulus
expansion and impaired pre-implantation development. Remarkably, treating COCs with the ER stress inhibitor salubrinal,
either after exposure to an ER stress inducer or from obese mice, improved oocyte quality [61]. This improvement was
indicated by increased levels of mitochondrial replication factors, such as mitochondrial transcription factor A (TFAM) and
dynamin-related protein 1 (DRP1), along with mitochondrial DNA in the oocytes of obese mice. These findings underscore
the critical role of ER stress in the interactions within cumulus-oocyte complexes and in maintaining oocyte quality [62].

4. Altered Ovarian Responsiveness and Oocyte Quality with Fertility Treatments

Besides experiencing higher instances of ovulatory issues, obesity is also linked to poorer results following infertility
treatments. Research indicates that changes in follicle development and reduced egg quality may play a role in these
outcomes [63, 64].

4.1. Responsiveness to Ovarian Stimulation

In women with normogonadotropic anovulation, higher BMI and abdominal obesity are linked to reduced chances of
ovulating in response to clomiphene citrate treatment (for increased BMI, the odds ratio [OR] is 0.92 [0.88-0.96]; for
increased waist-to-hip ratio, the OR is 0.60 [0.40-0.89]). A significant randomized study revealed that treatment with
letrozole led to higher live birth rates (LBRs) compared to clomiphene citrate, especially in women with a higher BMI [65].
This suggests a different underlying mechanism or that clomiphene citrate might be underdosed in these cases. Moreover,
obese women undergoing ovulation induction with gonadotropins need larger doses of these medications and yield fewer
follicles for each dose used. Extensive retrospective studies involving 1,721 to 8,145 women receiving assisted
reproductive technologies (ARTs) have also shown that obesity negatively affects the ovaries' response to gonadotropin
stimulation, indicated by longer treatment durations, higher amounts of gonadotropins needed, more frequent cycle
cancellations, and fewer oocytes collected [66, 67].

4.2. Oocyte Quality

Numerous studies have explored the link between obesity and the quality of oocytes and the embryos that result.
Women with obesity who undergo IVF experience changes in the follicular environment, including increased insulin levels,
inflammation markers, and higher free fatty acid levels, which are associated with abnormalities in cumulus-oocyte
complexes. Oocytes from overweight or obese women are typically smaller compared to those from women of normal
weight. The relationship between fertilization rates and maternal BMI has shown mixed results [68, 69]. While obesity
seems to affect the blastulation rates and metabolism of developing embryos, the rate of euploid embryos remains
consistent across different BMI categories. In 2016, two extensive retrospective analyses using data from the Centers for
Disease Control and Prevention's National ART Surveillance System and the SART Clinic Outcome Reporting System
database examined how BMI impacts IVF outcomes. Both studies found a decline in pregnancy rates and LBR with higher
BMI [70, 71]. However, the decline in fertility due to age has a more significant effect on LBR at older ages, indicating that
delaying IVF to lose weight may not be beneficial for older women who are overweight or obese. Moreover, ovulation
induction in women with PCOS shows decreased LBRs as BMI increases [72].
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These findings are supported by studies using obese mouse models induced by diet, where obesity was found to
compromise oocyte quality through mitochondrial dysfunction, increased levels of reactive oxygen species, and issues with
meiotic spindles and chromosomal alignment. Notably, in mouse models, interventions like weight loss, increased physical
activity, and antioxidant treatments have not been successful in reversing the adverse effects on oocyte quality caused by
diet-induced obesity [73].

In summary, a higher BMI is linked to reduced ovarian response to ovulation induction, necessitating higher doses of
medication and resulting in fewer oocytes retrieved during IVF. Both animal models and human clinical studies
demonstrate that oocyte quality is compromised by obesity. There is a direct correlation between higher BMI and lower
rates of implantation, clinical pregnancy, and LBRs in IVF/intracytoplasmic sperm injection treatments. This impact is
most pronounced in younger women of reproductive age and diminishes as reproductive age advances [74, 75].

5. The Relationship Between Obesity and Male Reproduction

Nutrition plays a crucial role in affecting fertility, with numerous studies highlighting the negative impact of obesity on
male fertility. Research indicates that obese men have a significantly higher chance of experiencing infertility compared to
men of normal weight (OR = 1.66, 95% CI 1.53-1.79). Additionally, obesity in men is linked to lower success rates in
ART, including a notable decrease in pregnancy (OR 0.78, 95% CI 0.63 to 0.98, p = 0.03) and live birth (OR 0.88, 95% ClI
0.82 t0 0.95, p = 0.001) rates in cycles of intracytoplasmic sperm injection (ICSI) [76-78].

Obesity can harm the male reproductive system by affecting erectile function and reducing semen quality. Evidence
shows a negative correlation between BMI and sperm concentration, motility, and normal morphology. Reviews and meta-
analyses have found that obesity and overweight conditions are associated with a greater prevalence of azoospermia (no
sperm cells) and oligozoospermia (few sperm cells), increased sperm DNA fragmentation, abnormal sperm chromatin
compactness, a higher percentage of sperm with low mitochondrial membrane potential, and phosphatidylserine
externalization, which is an early sign of apoptosis (programmed cell death) [79-81].

The damage to sperm caused by obesity is believed to result from several factors, including disrupted reproductive
hormone levels, insulin resistance, altered adipokine production, higher scrotal temperature, increased oxidative stress, and
chronic inflammation. Excessive visceral fat reduces levels of sex hormone-binding globulin (SHBG), total and free
testosterone, and inhibin B, while increasing the conversion of testosterone to estradiol [E2] due to heightened aromatase
activity [82, 83]. This reduction in testosterone levels adversely affects spermatogenesis, as adequate testosterone levels are
crucial for the attachment of Sertoli cells to developing germ cells. Furthermore, obesity can lead to epigenetic changes that
may be passed down to future generations [84, 85].

Moreover, having too much visceral fat leads to the production of pro-inflammatory cytokines like interleukin-6 (IL-6)
and tumor necrosis factor a (TNFa), which trigger low-grade systemic inflammation. In individuals with obesity, there's a
disruption in the balance between oxidative and antioxidant systems, causing an uptick in ROS production. While ROS are
crucial for normal spermatogenesis at controlled levels, excessive amounts can cause oxidation and damage to DNA,
proteins, and lipids [86, 87].

Obesity also leads to insulin resistance, which in turn causes hyperinsulinemia. This condition reduces the liver's
production of SHBG, resulting in elevated levels of E2. High levels of E2 suppress the hypothalamic-pituitary-gonadal
axis, leading to decreased testosterone (T) production. Additionally, the production of adipokines is disrupted in individuals
with obesity. Increased leptin secretion from adipose tissue, along with leptin resistance, negatively affects male fertility at
both central and peripheral levels [88, 89]. The surplus of leptin reduces the secretion of gonadotropin-releasing hormone
(GnRH), primarily by inhibiting Kisspeptin neurons, which directly affects spermatogenesis. Thus, an excess of insulin and
dysregulated adipokines negatively impact testicular function, leading to a "metabolic" form of male hypogonadism.
However, research has shown a complex, two-way link between visceral adipose tissue dysfunction, systemic insulin
resistance, and testicular issues. Notably, low testosterone levels further impair insulin sensitivity, encourage adipocyte
growth, and increase body fat, perpetuating a vicious cycle [90, 91].

In the intricate web of molecular mechanisms behind obesity-induced male infertility, new molecules like sirtuins
(SIRTSs) are gaining attention. Recent studies indicate that SIRTs influence obesity and male fertility through various
pathways [92, 93].

6. Weight Loss as a Therapeutic Strategy for Infertility in Obese Women

Weight loss presents a hopeful path for improving reproductive health in obese women. Various strategies for losing
weight, including changes in lifestyle and medical treatments, have been investigated for their effectiveness in mitigating
infertility caused by obesity [3, 94].

6.1. Pharmacological Interventions

Pharmacological treatments play a crucial role in overcoming the fertility issues related to obesity. Metformin, known
primarily for its use in diabetes management, is celebrated for its ability to enhance insulin sensitivity. This attribute has
proven effective in normalizing menstrual cycles and boosting ovulation rates among obese women. Beyond Metformin,
glucagon-like peptide-1 (GLP-1) agonists, initially developed for managing type 2 diabetes, have shown promise [95, 96].
These agents have demonstrated efficacy in reducing insulin resistance associated with PCOS, a condition frequently seen
in obese women. By improving insulin sensitivity, GLP-1 agonists may help in rectifying hormonal imbalances and
enhancing fertility prospects. Furthermore, the use of antioxidants has been suggested as a viable approach to better
reproductive outcomes in obese women. Research points to antioxidants like a-lipoic acid and myo-inositol as beneficial in
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reducing oxidative stress within the oocyte environment, which could lead to improved fertility [97, 98]. The exploration
doesn't stop here; attention is increasingly being directed towards medications that act on adipokines or their receptors. This
includes investigating the effects of drugs that either boost adiponectin activity or raise its levels, given adiponectin's vital
role in ovarian functionality and hormone secretion. Additionally, there's ongoing research into compounds that mitigate
leptin resistance, a common challenge in obesity. Enhancing leptin sensitivity through such measures could significantly
contribute to resolving various reproductive issues associated with obesity [99, 100].

6.2. Surgical Interventions

Surgical procedures, especially bariatric surgery, are increasingly acknowledged as an effective method for
overcoming infertility issues in obese women. Bariatric surgery, aimed at achieving substantial weight loss, has
demonstrated a beneficial effect on fertility. One study highlighted a significant improvement in infertility related to
obesity after undergoing surgery. Further research establishes a connection between obesity and infertility, indicating that
weight loss through surgery could be advantageous [101, 102]. A systematic review also points out that reducing weight in
overweight or obese women can greatly improve the outcomes of fertility treatments. Moreover, studies shed light on the
positive effects of bariatric surgery for obese women facing infertility who are trying to get pregnant, noting that the
effectiveness of these surgical approaches may depend on various factors including age, the type of surgery performed,
existing health conditions, and the patient's BMI prior to the surgery [103].

6.3. Lifestyle Modifications

Lifestyle adjustments have become a key treatment approach for tackling infertility in obese women. Programs aimed
at weight reduction have shown to significantly boost fertility outcomes in various treatments. Specifically, for women with
PCOS - a condition often linked to obesity and infertility, making lifestyle changes can improve reproductive capabilities
by increasing insulin sensitivity and normalizing levels of luteinizing hormone. Moreover, focusing on reducing central
obesity and combating insulin resistance is essential in addressing infertility associated with PCOS. A review of lifestyle
factors among those seeking infertility treatment highlighted the advantages of intensive lifestyle modification programs in
managing weight and enhancing fertility results. In addition, exercise programs, compared to diet-only interventions, have
proven effective in treating anovulatory infertility in obese women with PCOS [104, 105].

7. Conclusion

Obesity is a complex metabolic condition that profoundly affects reproductive health in both sexes. In women,
excessive adiposity disrupts the hypothalamic—pituitary—gonadal axis, impairs oocyte maturation, and alters ovarian
responsiveness to fertility treatments. In men, obesity contributes to hypogonadism, poor semen parameters, and increased
oxidative stress, collectively diminishing reproductive potential. These alterations are mediated through insulin resistance,
dysregulated adipokine signaling, mitochondrial dysfunction, and endoplasmic reticulum stress.

Weight reduction remains the cornerstone of therapy, with lifestyle modification offering substantial benefits when
sustained over time. Pharmacological agents such as metformin and GLP-1 agonists, along with bariatric surgery, provide
effective adjunctive options that improve hormonal balance, gamete quality, and fertility outcomes.

Future research should focus on elucidating sex-specific molecular mechanisms linking obesity and infertility and on
optimizing personalized therapeutic strategies. Addressing obesity not only enhances reproductive outcomes but also
contributes to broader metabolic and psychological well-being, reinforcing the necessity of holistic interventions in
reproductive medicine.
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