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Obesity has reached pandemic proportions in recent decades. In
2016, the World Health Organization estimated that over 1.9 bil-
lion adults were overweight (39 percent of the world’s adult popu-
lation) and more than 650 million were obese [1]. These numbers
are expected to rise with up to 3.3 billion individuals being over-
weight or obese by 2030 [2]. Obesity and overweight are both de-
scribed as an excessive or abnormal accumulation of body fat that
is harmful to one’s health and are clinically defined based on the
body mass index (BMI). BMI=30 kg/m? or =25 Kg/m?is often
used to categorize obesity and overweight in adults, respectively
[1]. Nevertheless, this index should only be used as a reference
because it does not take into account body fat distribution nor the
percentage of lean and fat body mass [3].

Obesity, which was once thought to be an issue only in high-in-
come counttries, is now dramatically increasing in low and mid-
dle-income countries, impacting adults and children of all ages,
regardless of their ethnicity or socioeconomic background. The
increased consumption of high-calorie diets, rich in saturated fats
and sugars, and sedentary lifestyle habits are two major factors
contributing to the increase in the prevalence of obesity. Obesity
is a major risk factor for several pathologies, such as cardiovascu-
lar diseases, type 2 diabetes mellitus, musculoskeletal disorders,
accelerated aging, several cancers, poor mental health, among
other disorders [4]. Obesity is also linked to metabolic syndrome,
as increased waist circumference, increased triglyceride levels,
glucose intolerance, low high-density lipoprotein cholesterol, and
hypertension constitute the five factors included in the diagnostic
criteria for metabolic syndrome [5].

Infertility has arisen as one important, but often overlooked, co-
morbidity of obesity. Studies highlight that obesity-related male
infertility is induced by immune, hormonal, and metabolic dys-
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functions, mostly caused by excessive adipose tissue. These fac-
tors have been shown to disrupt the male reproductive potential,
particularly through alterations in the hypothalamic-pituitary-go-
nadal (HPG) axis, impairment of testicular steroidogenesis, and
dysregulation of testicular metabolism [0, 7]. In men, obesity has
also been linked to erectile dysfunction, abnormal semen param-
eters, as well as poor pregnancy and ART outcomes [9].

Changes in sperm parameters have been linked to obesity and
overweight. Obese and overweight men had a higher risk of oli-
gozoospermia and azoospermia than men of normal weight, ac-
cording to Sermondade et al [9]. Ma et al. observed similar results,
implying that a greater BMI was associated with a decrease in
sperm volume, sperm count, and sperm motility [10]. Chavarro
et al. also identified a correlation between increased BMI and
lower ejaculate volume, but no link between sperm concentration,
sperm motility, or sperm morphology and BMI [11]. An increase
in BMI was also associated with an increase in the number of
sperm with abnormal morphology [12]. In contrast, a study by
Pauli et al. found no association between BMI and sperm parame-
ters [13]. Despite some studies have been done to link obesity and
overweight to sperm parameters, the mechanisms by which obe-
sity causes poor sperm parameters are still not fully understood.
HPG axis dysregulation and hormonal alterations, particulatly the
decrease in intratubular testosterone concentration, are thought
to play a major role in the decrease of sperm quality. Increased
inflammation and oxidative stress in the testis, as well as increased
testicular temperature, due to adipose tissue accumulation in the
suprapubic and scrotal area, may also contribute to poor sperm
parameters associated with obesity and overweight [7].

Obesity-induced infertility and subfertility are mediated primarily
through dysregulation of the HPG axis, which results partially
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from obesity-derived systemic inflammation. The accumulation
of visceral adipose tissue is associated with the development of
local and systemic chronic metabolic inflammation. Adipocyte
hyperplasia results in an augmented production of pro-inflamma-
tory cytokines and chemokines, which attracts immune mediators,
such as monocytes, macrophages, and neutrophils within the adi-
pose tissue. In turn, monocytes and macrophages induce adipo-
cytes to produce more inflammatory mediators. This crosstalk be-
tween immune cells and adipocytes results in the development of
local inflammation (at the visceral adipose tissue) and, ultimately,
these effects turn systemic. Adipocyte-derived local inflammation
results in the dysregulation of the production of adipokines, such
as leptin, adiponectin, and resistin, and consequent alterations in
their levels in the plasma [14]. In addition, the increase in circulat-
ing levels of inflammatory markers observed in obesity interferes
with insulin signaling, causing insulin resistance and consequent
hyperglycemia [15]. Besides the chronic inflammatory state, obesi-
ty is also associated with high metabolic rates, necessary to sustain
the body’s metabolic balance. This increase in the metabolic rate
is accompanied by increased production of reactive oxygen spe-
cies (ROS)[6]. Obesity-related oxidative stress is one of the major
causes of male infertility due to its harmful effects on spermato-
genesis. Moreover, energy metabolism and glucose homeostasis
are crucial for successful spermatogenesis [16]. Thus, changes in
energy regulation mediators, such as leptin, ghrelin, and glucagon-
like peptide-1(GLP-1), associated with obesity, are also suggested
as responsible for decreased fertility in obese men [17]. For in-
stance, leptin is 2 hormone mainly produced by white adipocytes
that plays an important role in male fertility. Among other func-
tions, it is responsible for promoting satiety after meals, thus being
an important regulator of energy homeostasis. Leptin participates
in the regulation of the HPG axis by stimulating the release of
kisspeptin, which acts in the hypothalamus to induce the release
of gonadotropin-releasing hormone (GnRH). In obese individu-
als, leptin circulatory levels are usually increased, however, these
patients often present leptin resistance. Leptin resistance in obese
men causes dysregulation of the HPG axis, with decreased GnRH
secretion and consequent decrease in luteinizing hormone (LH),
follicle-stimulating hormone (FSH) and testosterone sectetion,
resulting in hypogonadotropic hypogonadism. Additionally, leptin
also acts directly on testes, modulating testosterone production
by Leydig cells. Elevated concentrations of leptin act on Leydig
cells inhibiting steroidogenesis. Thus, high leptin levels caused by
increased adipose tissue, contribute to the decreased testosterone
levels in obese men [18].

Adipose tissue is now recognized as a key endocrine organ that
secretes a variety of hormones. Aromatase activity rises in lock-
step with body fat mass. In obese men, high aromatase activity, re-
sultant from adipocyte hyperplasia and hypertrophy, is advanced
to increase the aromatization of testosterone into 173-estradiol.
This increase in estrogen might suppress the activity of kisspeptin
neurons, which inhibits the HPG axis and reduces testosterone
production by Leydig cells. Additionally, excessive 173-estradiol
levels could also act in testicular somatic cells, inhibiting steroido-
genesis in Leydig cells and spermatogenesis in Sertoli cells [19].
Insulin resistance induces hyperinsulinemia in obese patients,
which results in lower levels of sex hormone-binging globulin
(SHBG), a glycoprotein that binds to sex hormones and inhibits
their biological activity. As a result, lower SHBG levels in obese
patients may contribute to the increased inhibitory activity of
17B-estradiol in testosterone synthesis and spermatogenesis [20].
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Obesity also compromises male reproductive potential through
the accumulation of adipose tissue on the suprapubic and scrotal
areas, which leads to an increase in the temperature of the testis,
and consequent impairment on spermatogenesis. Furthermore,
the buildup of lipophilic endocrine disruptors in adipose tissue
may enhance their negative impact on spermatogenesis [21].

Obesity and overweight in men have also a negative impact on
pregnancy outcomes as well as on the offspring’s health. Increased
time to pregnancy and lower pregnancy rates have been linked to
higher paternal BMI. Obesity results from a variety of environ-
mental factors, including dietary and lifestyle habits, which may
impact the epigenetic patterns in sperm cells. Epigenetic modifi-
cations in male germ cells, such as altered DNA methylation and
RNA content, resultant from an obesogenic environment might
be transmitted to the offspring, affecting future generations. In-
deed, studies have shown that obese men are more likely to father
obese children, probably due to an influence of the paternal meta-
bolic profile at the time of conception in the metabolic profile of
the offspring. Although some studies have shown that paternal
obesity can have detrimental consequences for the offspring, the
mechanisms that mediate the interactions between paternal obe-
sity and offspring outcomes ate still unknown and need to be
investigated further [22].

Over the past decades, obesity rates have been steadily rising
alongside with a significant decline in male fertility. Obesity and
overweight are known to have a negative impact on male repro-
ductive potential due to dysregulation of the HPG axis, chang-
es in the hormonal and metabolic homeostasis, impairment of
spermatogenesis, and to alterations in sperm parameters. Pater-
nal obesity also has a negative impact on pregnancy outcomes as
well as on the health of the offspring. Nevertheless, the mecha-
nisms through which obesity affects sperm parameters and male
reproductive potential, as well as the mechanisms involved in the
transgenerational effects of paternal obesity on the offspring are
still pootly understood and deserve further attention in the up-
coming years.
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