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Abstract: The prevalence of obesity, a disorder linked to numerous comorbidities and metabolic
complications, has recently increased dramatically worldwide and is highly prevalent in men, even
at a young age. Compared to female patients, men with obesity more frequently have delayed
diagnosis, higher severity of obesity, increased mortality rate, and only a minority of obese male
patients are successfully treated, including with bariatric surgery. The aim of this review was to
present the current state of knowledge about the clinical and therapeutic implications of obesity
diagnosed in males.
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1. Introduction

Nowadays, according to current recommendations, obesity should be considered
a chronic, progressive, and relapsing disease with multifactorial pathogenesis that includes
genetic, environmental, metabolic, and behavioral components [1]. Obesity is a treatable
disorder and, if left untreated, is strongly associated with increased mortality and morbidity,
including nearly two hundred complications such as cardiovascular disease, stroke, cancer,
disability, type 2 diabetes, hypertension, sleep apnea, and many others [2]. It has been
reported that up to 20% of adults live with obesity globally, and that overweight and obesity
are the fifth leading cause of death in the world [3]. Furthermore, the prevalence of obesity
is predicted to rise, especially in the developing countries. Many studies have shown
that obesity affects people at any age, all geographies, and all socioeconomic backgrounds
and is becoming more prevalent in men [4]. The World Obesity Atlas 2023, published by
World Obesity Federation, predicts that more than half the global population will be living
with overweight and obesity by 2035 if current trends continue [5]. What is particularly
frightening is that obesity among children is growing faster than among adults. Projections
estimate a 100% increase in the prevalence of overweight and obesity among boys and more
than double that among girls (125% increase). If current trends prevail, one in four people
worldwide will be overweight or obese. We strongly need prevention, treatment, and
support to treat this dangerous disease, which is still seen by many as a purely aesthetic
problem [5].

It has been observed that obesity can present differently in women than in men [6].
Women show the metabolically healthy obese phenotype more often than males. Due to
hormonal differences, women tend to have more subcutaneous fat, which decreases insulin
resistance, while men have more visceral and liver fat, which results in higher cardiovas-
cular risk. Obese women are more prone to suffer from weight-related problems, have
a higher rate of depression, and tend to seek medical attention to manage obesity earlier
than men. Compared to female patients, men with obesity more frequently have delayed
diagnosis, higher severity of obesity, an increased mortality rate, and only a minority of
obese male patients are successfully treated, including with bariatric surgery [7].
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Neuroimaging studies have highlighted several potential mechanisms responsible for
individual susceptibility to obesity, including sex differences [8]. There is a significant body
of evidence that obesity is associated with an abnormal structure, function, and chemistry
in the brain’s reward system, especially confirmed in obesity among female patients. It
has been established that women demonstrated greater neural responses in striato-limbic
and frontal-cortical regions in response to food cues than men [9]. In men, changes in
somatosensory regions were found to be linked with obesity phenotype and total body
fat was negatively correlated with gray matter volume in subcortical regions (including
the thalamus, caudate nucleus, putamen, hippocampus, and the nucleus accumbens) [10].
Although many discrepancies between studies exist, understanding these neural and
behavioral sex differences may be crucial for personally tailored approaches, including
lifestyle interventions for the prevention and management of obesity. Therefore, the
treatment of obesity should be team-based and, above all, individualized.

Women and men perceive obesity differently. Obese men tend to display lower self-
esteem to a lesser extent than women and do not consider obesity a disease. It may be the
underlying reason why the literature on male obesity is lacking, especially when compared
to publications covering the diagnosis and treatment of obesity in women. Furthermore, it
should be recognized that male obesity is a topic that requires an in-depth analysis, not only
in purely medical terms, but also in economic, social and psychological aspects. Previous
studies have rarely referred to the comparison of android-type versus gynoid-type obesity
or to the comparison of testosterone-to-estrogens ratio on the phenotype and the course
of obesity. It is noteworthy because, as evidenced by numerous scientific studies, obesity
treatment should be cause-dependent if possible. This means that obesity management
should preferentially target the individual-based pathogenetic mechanisms behind the
development of obesity.

This article reviews clinical and therapeutic implications of obesity with an emphasis
on male-related aspects of the disease.

2. The Psychological Aspect of Obesity and the Influence of Cortisol

Obesity has its imprint on broadly defined health since adolescence, when the compli-
cated social and interpersonal relationships combine with various physiological processes
related to sexual maturation [11–13]. Both of the above-mentioned factors are known
stressors, and their stressogenic effect is even more pronounced in the case of coexistence
of obesity as a cause of stigmatization and discrimination in the peer group [14]. This is,
for instance, due to the increased activity of the HPA (hypothalamic-pituitary-adrenal)
axis in puberty [15]. The anxiety and feeling of danger associated with social ostracism
activates the HPA axis, which results in an increase in the cortisol secretion, a hormone
that plays a leading role in chronic stress reactions. These high levels of cortisol are, in
turn, associated with the development of Cushing’s syndrome. One of its most pathog-
nomonic features is central obesity, that is trunk localized obesity, with a simultaneous
muscle mass wasting, manifested by thinning of the limbs. Such a change in physique
only fuels further stigma, giving rise to a vicious cycle mechanism [16]. Other unfavorable
effects of cortisol include decreased fertility and disturbances in carbohydrate metabolism
in the form of hyperglycemia (both increased gluconeogenesis and glycolysis) and insulin
resistance [17–19].

Long-term stress stimulation secondary to hypercortisolemia strongly upsets the
whole homeostasis, establishing a new, incorrect set point. The body is highly reactive to
all forms of stress and the affected individual adapts to it by establishing incorrect eating
habits. The patient chooses palatable but unhealthy food and has a tendency to over-eat or
under-eat [20]. In the long term, increased cortisol levels translate into an increased risk of
type 2 diabetes mellitus, metabolic syndrome, and cardiovascular complications [21,22].

As mentioned above, stigma increases the feeling of stress. The patient tries to get rid
of this tension through stress-reducing behaviors. Paradoxically, in people suffering from
obesity, the primary way to reduce stress involves overconsumption of palatable foods.
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This, in turn, results in a quick, though short-term, improvement in mood [23], followed
by the increase in body weight and an eventual exacerbation of the discrimination-related
problems [24]. Should this type of behavior occur in adolescence, its persistence into
the future—as a disturbance in eating and mood-improving behavior—is very likely [25].
It may also result in future eating disorders in the form of anorexia nervosa or bulimia
nervosa [26].

Research shows that androgens are not as closely associated with increased depression
in chronic stress states as female sex hormones are [27,28]. Moreover, androgens do
not induce eating disorders, such as anorexia nervosa or bulimia nervosa, in contrast to
estrogens, which display such effects, hence the rare occurrence of eating disorders in
males [29]. However, there are data indicating that lower testosterone in men is associated
significantly with eating disorders regardless of depressive symptoms, body mass index,
and age [30].

3. Male Obesity Overview

Men are less willing to treat their obesity when compared to women. This applies to
behavioral treatment involving a change in lifestyle e.g., physical activity, dietary treatment.
This is also relevant to pharmacological and surgical therapy.

It has been believed that the reason for this fact is that men are less likely to pay atten-
tion to their external appearance and generally focus less on health problems. Moreover,
when compared to women, male eating habits are more often unhealthy and males exhibit
less knowledge about proper nutrition [31,32].

Android-type obesity, typical for men, as the name itself implies, is characterized
by the overaccumulation of adipose tissue in the trunk area. Hence, the name “central
obesity”, or “apple-shaped” obesity. Central obesity is more readily associated with the
coexistence of visceral obesity. Both types of obesity, central and visceral, are strictly linked
to each other and strongly contribute to the occurrence of obesity-related cardiovascular
complications [33–35].

Visceral adipose tissue is considered a very active endocrine organ, secreting numerous
molecules such as adipokines, growth factors, and hormones. These chemical mediators, in
turn, promote and exacerbate insulin resistance and induce chronic inflammation.

Alterations in the secretion and function of adipokines, signaling molecules secreted
by adipose tissue, playing crucial roles in regulating numerous processes, including
metabolism, inflammation, and immune responses, have been associated with the imbal-
ance in various pathways involved in the pathogenesis of obesity [36]. The main adipokines
associated with development of obesity are leptin, adiponectin, resistin, TNF-alpha, and
IL-6 [37]. Leptin regulates energy balance and acts on the hypothalamus, suppressing
appetite and increasing energy expenditure. In obesity, there is leptin resistance, resulting
in decreased sensitivity to its signals, which can lead to overeating and weight gain. Leptin
levels are generally higher in females than in males, which may be explained by greater
proportion of subcutaneous adipose tissue when compared to males. Higher leptin lev-
els in females have been suggested to contribute to greater leptin sensitivity, potentially
providing a protective effect against obesity [38].

Adiponectin is another important adipokine secreted by adipose tissue, playing a key
role in improving insulin sensitivity, enhancing fatty acid oxidation, and reducing inflam-
mation [39]. In obesity, adiponectin levels tend to decrease, which is associated with insulin
resistance, dyslipidemia, and a pro-inflammatory state. Females typically have higher
circulating adiponectin levels when compared to males, which may partly contribute to
increased insulin sensitivity and lower risk of metabolic disorders compared to males [40].

In obesity, there are observed higher levels of resistin, contributing to impaired insulin
signaling and increased inflammation, which can further worsen metabolic dysfunction.
In some studies, males have been found to have higher resistin levels when compared to
females, potentially contributing to their higher susceptibility to insulin resistance and
metabolic disturbances [41].
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TNF-alpha and IL-6 are pro-inflammatory cytokines that can be produced by adipose
tissue in response to obesity-related stress [42]. Elevated levels of these molecules can
promote insulin resistance and contribute to chronic low-grade inflammation. Males
tend to have higher circulating levels of pro-inflammatory cytokines when compared to
females, which may partly explain their higher prevalence of obesity-related inflammatory
diseases [43].

The observed differences in adipokine concentrations between males and females may
contribute to variations in fat distribution and metabolic responses. Understanding these
sex-specific differences in adipokines can have implications for developing personalized
approaches to obesity prevention and treatment and may help in understanding the dif-
ferent health risks associated with obesity between men and women. Further research
is needed to fully elucidate the underlying mechanisms and implications of sex-specific
differences in adipokines profile in obesity.

In the course of obesity, concentrations of proinflammatory cytokines in the circulation
are observed to rise due to infiltration and activation of macrophages in the metabolically-
altered visceral adipose tissue [44]. In the experimental studies, it was determined that
chronic inflammation is considerably more marked in obese males than females. Male
adipose tissue is infiltrated by higher numbers of macrophages, and these macrophages
were found to be more inflammatory and have higher propensity to be migratory [45]. The
migration of macrophages is stimulated in response to increased leptin levels, which were
significantly higher in males with obesity in comparison to females. These observations
may partially elucidate sex differences in obesity-associated diseases which contribute to
much more increased cardiovascular risk in obese males than females.

4. Pathogenetic Factors of Obesity

There are many factors that contribute to the pathogenesis of obesity, including genetic,
environmental, social, and cultural factors. They have a similar effect on the risk of obesity
development in both sexes: males and females. Changes in eating habits e.g., easy access
to palatable food or the widespread availability of fast food, play an important role, as do
genetic factors. In the case of genes, multi-gene interactions play far more important role
in promoting the obesity phenotype than those associated with isolated gene mutations
since monogenic obesity is rare. So far, over 100 different gene polymorphisms responsible
for obesity have been identified. Their individual contribution to emergence of obesity is
small; however, the coexistence of numerous mutations synergistically increases the risk of
obesity to a great extent. The strongest association with obesity was found for the FTO (the
fat mass and obesity associated gene) [46].

The most common form of monogenic obesity is caused by a mutation of the gene
MC4R, a gene responsible for suppression of the perception of appetite. This form of
monogenic obesity accounts for about 5% of obesity diagnosed in pre-adults [47,48]. A new
drug, setmelanotide, an MC4R agonist, shows very promising results in the treatment of
this type of obesity. It is a drug that, through the activation of the melanocortin pathway,
acts on the underlying cause of the disease [49]. Therefore, this is a rare case where the
treatment of obesity is directed strictly at the very pathologic basis of the obesity.

Other causes of monogenic obesity, such as POMC (proopiomelanocortin) gene muta-
tions or leptin gene mutations, are much rarer. Furthermore, these types of monogenetic
obesity take a more extreme course, and are characterized by unstoppable and uncontrol-
lable hyperphagia [50,51]. Similarly, genetic syndromes (Prader–Willi syndrome, Bardet–
Biedl syndrome) are rare (1: 15,000–100,000 live births, depending on the syndrome) [52].

The adipose tissue itself also plays an important role in both protecting against obesity
and promoting its occurrence. The net result depends on the types of substances secreted
by adipocytes. The adipocyte-derived substances participating in the regulation of the
metabolism of adipose tissue and therefore determining the occurrence of obesity include,
among others: adipokines and hormones (leptin, resistin, adiponectin, estrogens), cytokines
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(interleukins 1, 6, 8, 10 etc.), other substances, e.g., enzymes (cholesterol ester transfer
protein, lipoprotein lipase), and many more [53].

A significant risk factor for obesity in adulthood is obesity diagnosed in childhood
or obesity diagnosed in one of the parents. It is currently unknown whether the cause of
this relationship is related to childhood conditioning or whether it is due to genetic and
epigenetic factors.

5. Clinical Consequences of Male Obesity

The increasing prevalence of obesity, considered an unsolved problem of public
health, is linked with long-term metabolic consequences, such as cardiovascular disorders,
type 2 diabetes mellitus, atherogenic dyslipidemia, various types of cancer, stroke, obstruc-
tive sleep apnea, obesity hypoventilation syndrome, and metabolic associated fatty liver
disease (MAFLD, formerly known as NAFLD, non-alcoholic fatty liver disease). Obesity
complications specific to men include hypogonadism, erectile dysfunction, and infertility.

5.1. Obesity, Hypogonadism and Infertility in Men with Obesity

In many epidemiological studies the positive correlation between obesity and male
hypogonadism has been observed, indicating increased adiposity as the primary reason
standing behind the gonadal dysfunction. Furthermore, in other obesity-related disorders,
such as type 2 diabetes mellitus, components of metabolic syndrome, hypogonadism
has been frequently reported. It is worth noting that there is a bidirectional relationship
between obesity and hypogonadism as obesity may be a cause of hypogonadism, whilst
low testosterone levels, by affecting proper body composition, may give rise to obesity.
However, findings published by Cheung et al., pertaining to men undergoing androgen
deprivation therapy for prostate cancer, indicate that significantly reduced circulating
testosterone levels have only a minor effect on body weight. Thus, it may be concluded
that increased adiposity may exert a more potent effect on the suppression of gonadal axis
rather than the other way around [54]. Additionally, the commonly observed remission of
hypogonadism with weight loss indicates a crucial role of obesity in the pathogenesis of
gonadal dysfunction [55].

Male obesity is linked to hormonal disturbances leading to impaired gonadal functions,
both hormonal and reproductive. It has been observed that almost 20% of the subfertility
and infertility cases in males can be attributed to overweight and obesity [56]. Male obesity-
related hypogonadism has been reported in up to 45% of patients with moderate to severe
obesity, based on the decreased plasma testosterone concentrations, measured according
to good practice procedures (that is in the morning and at a fasting state), combined with
typical signs and symptoms of hypogonadism [57]. Many studies have confirmed that in
obese males, androgen levels decline in proportion to the degree of obesity.

The causative mechanism of obesity-induced hypogonadism is yet to be defined but is
likely multifactorial.

Hypogonadism in obesity may develop in several mechanisms, disrupting the
hypothalamic-pituitary-testicular (HPT) axis function. Investigation of available liter-
ature suggests that estradiol, leptin, and adipokines secreted by visceral adipose tissue
are the crucial players in obesity-associated hypogonadism in men. The role of estradiol
has been elucidated in many studies. This estrogen is secreted by the testes and adipose
tissue after undergoing conversion from testosterone, a reaction catalysed by aromatase.
Estradiol is responsible for negative feedback loop and suppression of the HPT axis in men,
mainly at the level of the pituitary gland [58]. Many observations have corroborated that
estradiol concentrations are often increased in men with obesity, which can be explained
by increased aromatase-dependent testosterone conversion into estradiol in peripheral
tissues [59]. Due to increased adiposity, aromatase expression is proportionally higher in
males with obesity, which in turn results in elevated estradiol concentrations and, conse-
quently, in the suppression of the HPT axis. Thereupon, a decrease in testosterone secretion
in the testes is observed. These findings are supported empirically by the fact that the
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hypogonadism due to the suppression of HPT axis is reversible upon weight loss [55,60].
After significant weight reduction, an increase in gonadotrophins and testosterone, as
well as lower estradiol concentrations were observed. Furthermore, Loves et al., in the
further corroboration of the aforementioned observation, demonstrated that treatment with
aromatase inhibitors induced the same changes in hormonal concentrations as weight loss
in hypogonadal men with obesity [61]. Contrary to these data, Dhindsa et al. reported
lower total and free estradiol concentrations and subnormal testosterone concentrations
in a subpopulation of obese men with type 2 diabetes mellitus when compared to the
control group without biochemical hypogonadism. The researchers concluded that the
suppression of the HPT axis in patients with subnormal free testosterone concentrations
and type 2 diabetes mellitus was not associated with increased estradiol concentrations
and that the pathogenesis of subnormal free testosterone concentrations in type 2 diabetes
mellitus needs further investigation [62,63]. Other authors emphasize the role of aro-
matase polymorphisms that positively correlate with elevated estradiol concentrations and
obesity [64]. Remarkably, a decrease in estradiol concentration was followed by weight
loss only in the patients with confirmed polymorphism. Moreover, Ghanim et al. found
lower expression of aromatase and diminished androgen and estrogen receptors density in
patients with type 2 diabetes mellitus coexistent with hypogonadism [65]. On the other
hand, the limitation of immunoassays credibility, especially while interpretating lower
estradiol results, should be taken into consideration when hypogonadism is suspected.
Huhtaniemi et al. confirmed that immunoassays used for estradiol measurements may
only be suitable for the detection of high estradiol concentrations in men [66]. In conclusion,
the exact estradiol role in the pathogenesis of hypogonadism in obese men requires further
investigation.

Another key player involved in obesity-related hypogonadism is leptin, an adipokine
predominantly secreted by white adipocytes and involved in promotion of satiety and
energy expenditure [67]. The identification of leptin and its receptors, along with studies
performed in animal models of leptin deficiency and leptin resistance, have connected
the role of leptin in broadly understood reproduction and revealed new aspects of the
relationship between energy stores, adipose tissue, and reproductive function. Leptin has
been reported to be an important regulator of male fertility by regulating the HPT axis
thorough the stimulation of the hypothalamus via kisspeptin to secrete and release GnRH.
In experimental studies, leptin administration improved pulsatile secretion of GnRH in
rodents [68]. Obesity leads to leptin resistance and alters its normal functions [69]. There is
a great body of evidence that most common forms of obesity are associated with excessive
circulating levels of leptin, secondary to leptin resistance. In tandem with the progression
of obesity resultant from increased adipose tissue mass, an accompanying significant
increase in circulating levels of leptin is observed and correlates positively with total body
weight and adiposity. Isidori et al. demonstrated that circulating leptin was the hormonal
factor most closely associated with low testosterone and inversely correlated with testicular
response to hCG stimulation. In the course of leptin resistance, the suppression of kisspeptin
gene expression and kisspeptin receptors occurs in the HPT axis with a subsequent decrease
in GnRH and gonadotrophin release and consequent decrease in testosterone secretion [70].
Besides hypothalamic influence, leptin exerts its action at the testicular level. It has been
reported that high leptin concentration in obesity inhibits Leydig cells function and, thus,
testosterone synthesis [71]. Curiously, testosterone alone inhibits leptin secretion from
adipocytes and decreases circulating leptin levels independently from changes in the
adipose tissue cells [72,73].

This observation allows us to speculate that testosterone replacement therapy may be
beneficial to restore proper response of the HPT axis to leptin. However, further investiga-
tion into the matter is required to establish future therapies for male infertility. According
to recent guidelines, testosterone administration can be considered only individually, that
is on a case-by-case basis, after carefully weighing potential benefits, side effects, and risks
if weight loss cannot be achieved and clinical and biochemical hypogonadism persists [74].
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It is well established that higher adiposity, leading to oversecretion of adipokines
and proinflammatory cytokines by visceral adipose tissue, also affects fertility in men.
Obesity has numerous negative effects on sperm quality e.g., spermatozoa motility and
vitality. In the meta-analysis by Sermondade et al., increased prevalence of azoospermia or
oligospermia in obese males was confirmed [75].

It needs to be highlighted that obesity is associated with hypogonadism and fertility
difficulties through many mechanisms. Contrary to other types of hypogonadism, obesity-
related disturbances are usually functional in nature and therefore, potentially reversible,
if proper treatment is commenced. It should be emphasized that weight loss in obesity
is thought to be a key intervention that must be undertaken in order to restore HPT axis
hormonal imbalances. Considering the long-haul effects of male obesity treatment in the
broad context of gonadal axis function, it is of paramount importance that weight loss
results in elevation, or more precisely, normalization of both total and free testosterone, FSH,
and SHBGand a decrease in estradiol and prolactin levels [76]. In addition, beneficial results
are seen after reduction of the amount of visceral tissue, which—as stated before—is rich in
aromatase. Reduction in visceral adipose tissue with the concomitant decrease in aromatase
activity is responsible for the lowered ratio of testosterone to estradiol conversion. This
in turn allows for the improvement of male obesity secondary to hypogonadism [77–79].
Experimental studies have also shown that a decrease in BMI (body mass index) leads to
the increase in the levels of osteocalcin; osteocalcin directly stimulates Leydig cells in the
testes to synthesize testosterone [80]. The observed improvement in the hormonal and
metabolic profile due to weight reduction along with other beneficial changes in the body
such as reduction of endothelial dysfunction facilitates reversal of erectile dysfunction [81].
The pathogenesis of hypogonadism in male obesity is illustrated in Figure 1.
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5.2. Diabetes Mellitus and Cardiovascular Disorders

It has been widely recognized that complex crosstalk exists between body composition,
androgen levels, obesity, hypogonadism, type 2 diabetes mellitus, and vascular disease in
men. Obesity is considered to be a major risk factor in the development of diabetes mellitus
and may precede overt type 2 diabetes mellitus for many years. Taking into consideration
that type 2 diabetes mellitus and other obesity-related metabolic consequences, such as
insulin resistance, atherogenic lipid profile, and hypertension, promote and exacerbate
atherosclerosis, each should be treated as a cardiovascular disorder. It has been well estab-
lished that a reduction of 5–10% of body weight results in improvement of cardiovascular
disease (CVD) risk.

Observational analysis of participants in the Look AHEAD (Action For Health in
Diabetes) study (n = 5145; 40.5% male, 37% from ethnic/racial minorities) conducted by
Wing et al. confirmed that modest weight losses of 5 to 10% were associated with significant
improvements in CVD risk factors at year 1. The larger the weight loss, the greater the
benefits [82].

In addition, intensive lifestyle interventions produce clinically meaningful weight loss
(≥5%) at year 8 in 50% of the patients with type 2 diabetes mellitus and, thus, can be used
to manage other obesity-related comorbidities [83].

5.3. Cancer

Obesity increases the risk of several types of cancer and is associated with poorer out-
comes when compared to general population. The link between obesity and increased can-
cer incidence and cancer-related deaths has been well established over the last two decades,
and it has been estimated that 14% of cancer deaths in men and 20% in women are at-
tributable to obesity [84]. Calle et al. observed a significant positive linear trend in death
rates in men with increased body-mass index for all cancer types, including esophageal,
stomach, colorectal, liver, gallbladder, pancreatic, prostate, and kidney cancer, as well as
non-Hodgkin’s lymphoma, multiple myeloma, and leukemia. A growing body of evi-
dence indicates that, at the cellular level, obesity-related low grade chronic inflammation
is a major cancer promoting event, leading to changes in immune cell infiltration and
polarization in white adipose tissue [85]. Another hypothesis states that obesity results in
elevated levels of insulin and insulin-like growth factor 1 (IGF-1), a known mitogen [86].
Binding of IGF-1 to its receptor leads to activation of intracellular signaling pathways,
promoting proliferation and, in the long run, oncogenesis.

Other emerging studies put the role of elevated leptin and decreased adiponectin
levels in obese patients in the spotlight of cancer initiation and promotion. It is increasingly
evident that dysregulation in leptin and adiponectin balance is a key player in obesity-
associated cancer development and progression. Leptin is known to be protumorigenic
and proangiogenic, and to act directly on cancer cells to promote their proliferation and in-
hibition of programmed cell death [87]. Adiponectin has been shown to be antitumorigenic
and, consequently, hypoadiponectinemia is associated with increased tumor growth [87].

The molecular mechanisms triggering cancer development in obesity have been elu-
cidated to some extent. However, many mechanisms are still not well understood and
therefore remain the focus of intensive research.

5.4. Metabolic Associated Fatty Liver Disease (MAFLD)

MAFLD, a liver condition characterized by the accumulation of fat in the liver due
to metabolic dysregulation, is closely connected with obesity. However, other factors,
such as genetics, lifestyle, and underlying health conditions, play significant roles in its
development. Both males and females can develop this complication. As such, some
studies suggest that males may have a higher prevalence of MAFLD when compared
to females [88]. This difference may be partly attributed to hormonal variations and
distribution of body fat.
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Obesity is a well-established risk factor for MAFLD. Abdominal obesity, more pro-
nounced in men, is strongly positively associated with a higher prevalence of MAFLD.
Additionally, central obesity is closely linked to insulin resistance which leads to increased
fat accumulation in the liver, contributing to MAFLD development. Abdominal obesity
triggers a chronic low-grade inflammatory state not limited to fat tissue, also affecting the
liver. The combination of inflammation and fatty liver can progress to more severe stages
of MAFLD, such as non-alcoholic steatohepatitis (NASH) and cancer [89].

Besides obesity, MAFLD is associated with other metabolic risk factors such as
type 2 diabetes, atherogenic dyslipidemia, and hypertension. In men with obesity, these
metabolic disturbances are more prevalent, further contributing to the development and
progression of MAFLD. MAFLD in obese men can lead to serious health complications,
including advanced liver fibrosis, cirrhosis, and an increased risk of cardiovascular disease.

Given the strong association between obesity and MAFLD in men, addressing obesity
through lifestyle modifications remains the cornerstone of MAFLD management, and any
medical intervention should be tailored to the individual’s specific needs and health status.

Early detection and proper management of comorbidities can help reduce the impact
of MAFLD on cardiovascular risk and life expectancy. There is no specific pharmacotherapy
approved solely for the treatment of MAFLD. However, pioglitazone ad SGLT2 inhibitors
have been studied for their potential benefits in managing MAFLD [90,91].

6. Obesity Treatment

After obesity diagnosis, the patient should be screened for obesity complications and
obesity therapy should be commenced without further ado.

Obesity management ought to be based on its causes (if possible) and both the severity
of the disease and its complications should be taken into account in order to find the most
suitable therapy. This custom-tailored treatment increases the chance of therapeutic success.
Health care for obese patients, regardless of gender, should be carried out by a multispe-
cialty therapeutic team consisting of a physician, educator, dietitian, psychologist, and
physiotherapist. To effectively treat obesity, after achieving the goals of weight reduction
and mitigation of obesity-related complication, considering the risk of obesity recurrence,
a long-term follow-up is strongly recommended to consolidate the results.

6.1. Diet and Lifestyle Interventions

The cornerstone of weight management are lifestyle interventions, including dietary
changes and physical activity. The recommended individual caloric deficit should lead to
a reduction of 5–10% of body weight within 3–6 months of the therapy initiation. Weight
loss via caloric restriction is usually the first-line recommendation for obesity treatment.
Even though numerous studies have documented the beneficial effects of caloric restriction
in inducing weight loss and slowing down the progression of multiple metabolic disorders,
medical nutrition therapy, or MNT for short, alone is associated with limited efficacy.
Moreover, difficulties with weight loss maintenance arise with the passing of time. It has
been established that the challenges in maintaining weight reduction are due to counter-
regulatory neuroendocrine network actions that promotes weight regain by affecting
hunger and satiety mechanisms and decreasing energy expenditure [92,93].

Aerobic physical activity (30–60 min of moderate to vigorous intensity most days of
the week) should be recommended in order to achieve weight loss, reduction in visceral
adipose tissue, and favor weight maintenance after achieving initial weight loss. Regular
physical activity, irrespective of weight loss, can improve many cardiometabolic risk factors,
health-related quality of life, mood disorders, and body image disorders in adults with
overweight or obesity [94]. Pharmacotherapy in obesity management may provide a bene-
ficial adjunct to nonpharmacological approaches and facilitate achieving and maintaining
healthy behaviors that, in the long haul, are necessary in the therapeutic process.
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6.2. Pharmacotherapy of Obesity

The US Food and Drug Administration (FDA) and European Medicines Agency (EMA)
have approved pharmacotherapy with proven effects of clinically significant weight loss
as an adjunct therapy to lifestyle interventions. According to guidelines, pharmacother-
apy aimed at weight reduction is recommended for patients with BMI ≥ 30 kg/m2 or
≥27 kg/m2 with obesity-related comorbidities, which increases cardiovascular risk, regard-
less of the patients’ gender.

In the history of pharmacotherapy of obesity, many promising substances have been
used. However, due to either their low effectiveness or unacceptable safety profile, most
have been withdrawn from the market or are intended for short-term use only [95]. FDA
guidelines accounted for, a drug is considered effective in the treatment of obesity if it
results in at least 5% average weight loss and when more than 35% of patients achieve
a weight loss of at least 5% after one year of using the drug. This translates into measur-
able lowering of cardiovascular risk [94]. Currently, five drugs are approved for weight-
reduction therapy (orlistat, naltrexone/bupropion, 3 mg liraglutide, 2.4 mg semaglutide,
phentermine/topiramate).

Orlistat, by inhibiting lipases in the gastric, small intestine, and pancreatic mucosa,
limits the breakdown of triglycerides into free fatty acids and, consequently, decreases their
absorption in the intestines. Its effect on weight reduction is more effective than a low-fat
diet. Its use also contributes to lower insulin resistance, fasting plasma glucose, low-density
lipoprotein cholesterol, and systolic and diastolic blood pressure [96].

Naltrexone ER/bupropion ER is a combination drug. Bupropion is a neuronal
dopamine and norepinephrine reuptake inhibitor and a nicotinic receptor antagonist.
It is used alone (that is without naltrexone) in the treatment of depression and nicotine
dependency. Naltrexone is an opioid antagonist used in the treatment of opioid and alcohol
addiction. In the treatment of obesity, bupropion inhibits food intake by exerting its action
on the reward system. It activates the appetite-reducing neuropeptide proopiomelanocortin
(POMC) and causes dopamine activation, which is pathologically lowered in obese patients.
Naltrexone, on the other hand, inhibits the appetite-increasing effect of beta-endorphins
caused by the activation of the cannabinoid-1 receptor. It also acts synergistically with
bupropion; naltrexone, through antagonism of endogenous opioids, enhances the appetite
suppression caused by POMC [97].

Incretin drugs are a class of drugs consisting of glucagon-like peptide-1 (GLP-1)
analogues. These are substances that mimic the effects of native, endogenous GLP-1,
a naturally occurring substance that promotes weight loss by reducing energy intake,
decreasing hunger, and increasing satiety. GLP-1 analogues exhibit a peripheral and
central mechanism of action. Their central mechanism of action is mediated through GLP-1
receptors in the hypothalamus, reducing the feeling of appetite. This mechanism is based
on the stimulation of transcriptional neurons regulated by POMC and CART (cocaine and
amphetamine related peptide), which suppress appetite and indirectly inhibit the protein
neurons associated with the NPY (neuropeptide Y) and AgRP (agouti-related protein),
neuropeptides responsible for the feeling of hunger [98]. Studies have shown that GLP-1
receptors in the pancreas and brain are responsible for the corresponding improvement
in glycemic control and body weight. Among many GLP-1 agonists approved for the
treatment of type 2 diabetes mellitus, only liraglutide 3.0 mg once-daily and semaglutide
2.4 mg once-weekly have been approved for obesity management. Studies have shown
that both liraglutide and semaglutide also exert beneficial effects on cardiovascular risk,
although the exact mechanism of this effect is not well established and is still under
scrutiny [99,100].

A very promising new molecule in the pharmacotherapy of obesity is tirzepatide,
a novel dual glucose-dependent insulinotropic polypeptide (GIP) and GLP-1 receptor ago-
nist (RA), which demonstrated substantially greater glucose control and weight loss when
compared with selective GLP-1RA dulaglutide and semaglutide [101–103]. Tirzepatide
combines the actions of GLP-1 (reducing appetite, enhancing glucose-dependent insulin
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secretion) and glucagon (promoting gluconeogenesis) receptors while also activating GIP
(increasing insulin secretion) and shown promising results in clinical trials, leading to sig-
nificant weight loss and improvements in glycemic control in patients with type 2 diabetes
and obesity. As with other GLP-1 receptor agonists, tirzepatide may cause gastrointestinal
side effects, such as nausea, vomiting, and diarrhea.

A real breakthrough in the pharmacological treatment of obesity has turned out to
be triple hormone receptor agonist, retatrutide, which activates GLP-1, GIP, and glucagon
receptors and promotes spectacular weight reduction in clinical trials [104]. By activating
three types of receptors, retatrutide reduces appetite, increases insulin secretion, and
reduces glucose production. The drug’s efficacy was similar to that of bariatric-metabolic
surgery and the majority of participants receiving the 12-mg dose had lost 20% or more
of their baseline weight at 48 weeks and 26% had lost 30% or more of their original
weight [105]. As with any medication, triple G receptor agonists may have side effects,
including gastrointestinal symptoms such as nausea and vomiting. Long-term safety data
are still limited, and further research is needed to fully understand their risk-benefit profile.

Phentermine/topiramate CR is a combination drug. Phentermine suppresses the
appetite by increasing epinephrine secretion in the hypothalamus. Topiramate, a gamma-
aminobutyric acid agonist, a glutamate antagonist, and a carbonic anhydrase inhibitor, is
used alone in the treatment of epilepsy and prevention of migraines. In the treatment of
obesity, it is used in lower doses and allows weight reduction through an effect synergistic
with phentermine on the feeling of satiety [106].

The selection of the appropriate weight-reducing pharmacotherapy requires a careful
analysis of the cognitive and behavioral causes of the patient’s eating disorders in order to
optimally classify the patient groups and achieve the best treatment results.

There are still many promising therapies in clinical trials. Melanocortin receptor
agonists in the hypothalamus, such as setmelanotide, are approved by FDA in patients
six years and older with obesity due to three rare genetic conditions: proopiomelanocortin
(POMC) deficiency, proprotein subtilisin/kexin type 1 (PCSK1) deficiency, and leptin
receptor (LEPR) deficiency confirmed by genetic testing.

It is worth mentioning that cellulose and citric acid in an oral, non-systemic, super-
absorbent hydrogel are used in conjunction with diet and exercise to aid weight man-
agement in obese or overweight adults. The drug contains 2 mm particles that swell in
the stomach/small intestine after drinking water thus causing a feeling of satiety. First
observations are very promising. New therapies have been shown to be effective, safe, and
well-tolerated in clinical studies. However, further research is required to determine their
long-term effectiveness and safety profile in the treatment of obesity. A summary of obesity
pharmacotherapy is presented in Table 1.

Table 1. Drugs used in the treatment of obesity [94–101,106–108].

Drug Mechanism
of Action Dosage Average Weight

Loss Side Effects Additional Benefits

Orlistat
Pancreatic and
gastric lipase

inhibitor

120 mg three times
daily with meals

Around 5–10% of
initial body weight

Gastrointestinal side
effects (diarrhea,

bloating flatulence)

Improves lipid profile;
low risk of systemic

side effects

Phentermine
/Topiramate

Combination of
sympathomimetic

amine, anorectic and
antiepileptic drug

Varies based on
titration schedule

Around 5–10% of
initial body weight

Dyspepsia, insomnia,
constipation, dry
mouth, transient

peripheral neuropathy

Improves glycemic
control; reduces blood

pressure

Bupropion
/Naltrexone

Combination of
antidepressant and
an opiod receptor

antagonist, affecting
appetite and reward

pathways in
hypothalamus

Gradual titration to
target dose (varies,
maximal daily dose
bupropion 360 mg/
32 mg naltroxone)

Around 5–10% of
initial body weight

Nausea, headache,
constipation, insomnia,

dry mouth

May improve mood
and emotional eating

behaviors
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Table 1. Cont.

Drug Mechanism
of Action Dosage Average Weight

Loss Side Effects Additional Benefits

Liraglutide GLP-1 receptor
agonist

Once daily sc. injection,
3.0 mg

Around 5–10% of
initial body weight

Nausea, diarrhea,
vomiting, headache,

constipation

Improves glycemic
control; reduces

cardiovascular risk

Semaglutide GLP-1 receptor
agonist 2.4 mg once weekly s.c. Around 15–20% of

initial body weight

Nausea, diarrhea,
vomiting, headache,

constipation

Improves glycemic
control; reduces

cardiovascular risk

Tirzepatide
Dual

GIP/GLP-1/receptor
agonist

Once-weekly s.c
injection, 15 mg

Around 13–20% of
initial body weight

Nausea, diarrhea,
vomiting, headache,

constipation

Improves glycemic
control; cardiovascular

risk under
investigation

In summary, pharmacotherapy for obesity is a valuable option for patients who are
unable to lose weight and maintain achieved weight loss through behavioral changes alone.
This treatment option should also be highly recommended for those who do not meet the
eligibility criteria for bariatric surgery or who failed to maintain weight loss following
bariatric procedures.

6.3. Bariatric Surgery

Bariatric surgery complements the therapy for all patients with severe obesity,
i.e., BMI ≥ 40 kg/m2 and the patients with BMI ≥35 kg/m2 and obesity-associated co-
morbidities [107] after non-surgical methods of treatment have failed. There is a great
body of evidence for the metabolic improvement of numerous diseases and disorders in
obese patients after undergoing bariatric surgery. The probability of achieving normal
weight or maintaining 5% body weight reduction with only non-surgical interventions
is very low [108]. Fildes et al. reported that for severely obese men with BMI between
40.0–44.9 kg/m2, the annual likelihood of attaining normal body weight was 1 in 1290,
compared to 1 in 677 for women with morbid obesity. Furthermore, the annual probability
of achieving a 5% weight reduction was 1 in 8 for men and 1 in 7 for women with morbid
obesity [108]. These observations indicate that bariatric procedures should not be delayed
in patients with advanced and complicated obesity. However, it is difficult to draw firm
conclusions due to fact that in studies, men represent only a minority among patients who
undergo bariatric surgery [109]. In a multicenter analysis of more than 60,000 patients
who undergone bariatric surgery in the US, it was observed that male patients lost less
weight and had a smaller decrease in comorbidities and had more complications when
compared to women. Moreover, when compared to females, male patients were older on
average, had a higher BMI, and more comorbidities, which indicates that they probably
sought medical attention much later in the course of the disease than women did [110].
Curiously, satisfaction with the surgical procedure was reported to be greater in men.
An improvement in the quality of life after bariatric surgery was confirmed in both sexes,
men and women.

Among the many available surgical methods, such as Roux-en-Y gastric bypass, bil-
iopancreatic diversion/duodenal switch, sleeve gastrectomy, or laparoscopic adjustable
gastric banding (LAGB), all seem to bring positive results depending on the experience of
the operator [107,111]. When qualifying a patient for a specific procedure, it should be re-
membered that, in simplified terms, less invasive procedures such as LAGB, vagal blocking,
and endoscopic procedures are usually associated with lower weight loss. However, they
are also characterized by significantly lower perioperative and long-term complications
and risks.

For instance, protein malnutrition is a quite common consequence of biliopancreatic
diversion (3–18%) and distal Roux-en Y gastric bypass (RYGB) with a Roux limb ≥150 cm
(13%). On the other hand, the frequency of this complication is significantly lower after
RYGB with a Roux limb <150 cm (<5%). Dumping syndrome is most characteristic after
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gastric bypass surgery (70–75% of patients) and also after sleeve gastrectomy (40% of
patients) [112].

Malabsorption results in vitamin D deficiency, a common occurrence despite routine
prophylactic supplementation with cholecalciferol. Vitamin D deficiency has high incidence
after biliopancreatic diversion, gastric bypass, and omega-loop gastric bypass, generally in
the range of 50–60% of patients, depending on the method used. The safest procedures in
this regard are a sleeve gastrectomy or adjustable gastric band, which are associated with
only minimal risk of vitamin D deficiency [112].

Regardless of the surgical procedure used, studies have shown that in the postop-
erative period, mainly due to the loss of visceral fat and changes in intestinal peptides,
there is a significant improvement in metabolic parameters: lipid profile, glycemic control,
reduction of insulin resistance, MAFLD (metabolic associated fatty liver disease), inflamma-
tion, sleep apnea, or stricter blood pressure control [113–119]. These benefits were assessed
in both shorter and longer follow-up periods, which allowed us to observe that some of
them are transient. In these cases patients require further monitoring and care, including
permanent lifestyle changes and indefinitely using weight-reducing medications [116].
Besides direct impact through weight reduction, bariatric surgery allows for us to improve
the quality of life and to reduce the incidence of civilization diseases and all-cause mortality
due to the improvements of many health indicators in the postoperative period [120–122].

7. Conclusions

Although obesity is a chronic disease with no spontaneous remission and with
a tendency for relapse, it is preventable, treatable and a potentially reversible cause of
numerous metabolic disorders. The need for an all-encompassing adult-oriented approach
for diagnosis and treatment has not been fully addressed. Obesity management includes
early diagnosis, establishment of obesity-related complications, and selection of optimal,
individualized therapeutic strategies. Careful attention should be paid to the popula-
tion of males with obesity who tend to seek medical attention with a considerable delay
when compared to females with obesity. Furthermore, male obesity is usually more ex-
acerbated and complicated with more comorbidities and higher resultant mortality at
the time of diagnosis. An additional, often not appreciated enough, challenge in obesity
management is the necessity to engage the patient in the therapeutic process. This requires
constant and repeated education as well as a supportive, multispecialty team to enhance
the patient’s motivation.

Many countries worldwide are facing numerous challenges in obesity prevention and
treatment to ever growing extent. Healthcare systems should take a more proactive role
in this important area. It is recommended to oblige health care providers to screen for
obesity and its complications, as well as to actively participate in its management from
the earliest stages of the disease. People with obesity should have access to evidence-
based interventions, including medical nutrition therapy, physical activity, psychological
interventions, pharmacotherapy, and metabolic surgery.

Author Contributions: Conceptualization, M.L.-L., M.Ł., J.S. and B.M.-M.; data curation, M.L.-L.,
M.Ł. and J.S. formal analysis, M.L.-L., M.Ł. and J.S.; funding acquisition, M.L.-L., M.Ł., J.S. and
B.M.-M.; investigation, M.L.-L., M.Ł., J.S. and B.M.-M.; methodology, M.L.-L., M.Ł., J.S. and B.M.-M.;
project administration, M.L.-L. and B.M.-M.; resources, M.L.-L., M.Ł. and J.S.; software, M.L.-L., M.Ł.
and J.S.; supervision, B.M.-M.; validation, M.L.-L., M.Ł., J.S. and B.M.-M.; visualization, M.L.-L. and
M.Ł., writing—original draft, M.L.-L. and M.Ł., writing—review and editing M.L.-L., M.Ł., J.S. and
B.M.-M.; All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2023, 12, 5354 14 of 18

References
1. Bray, G.A.; Kim, K.K.; Wilding, J.P.H.; World Obesity Federation. Obesity: A chronic relapsing progressive disease process.

A position statement of the World Obesity Federation. Obes. Rev. 2017, 18, 715–723. [CrossRef] [PubMed]
2. GBD 2015 Obesity Collaborators. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. J. Med. 2017,

377, 13–27. [CrossRef] [PubMed]
3. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.; Abbafati, C.; Abera, S.F.; et al.

Global, regional, and national prevalence of overweight and obesity in children and adults during 1980–2013: A systematic
analysis for the Global Burden of Disease Study 2013. Lancet 2014, 384, 766–781. [CrossRef] [PubMed]

4. WHO. Noncommunicable Diseases: Risk Factors. World Health Organization. 2021. p. 1. Available online: https://www.who.
int/data/gho/data/themes/topics/topic-details/GHO/ncd-risk-factors (accessed on 8 May 2023).

5. World Obesity Federation. World Obesity Atlas 2023. Available online: https://www.worldobesity.org/resources/resource-
library/world-obesity-atlas-2023 (accessed on 27 July 2023).

6. Lovejoy, J.C.; Sainsbury, A.; Stock Conference 2008 Working Group. Sex differences in obesity and the regulation of energy
homeostasis. Obes. Rev. 2009, 10, 154–167. [CrossRef]

7. Fuchs, H.F.; Broderick, R.C.; Harnsberger, C.R.; Chang, D.C.; Sandler, B.J.; Jacobsen, G.R.; Horgan, S. Benefits of bariatric surgery
do not reach obese men. J. Laparoendosc. Adv. Surg. Tech. A 2015, 25, 196–201. [CrossRef]

8. Kroll, D.S.; Feldman, D.E.; Biesecker, C.L.; McPherson, K.L.; Manza, P.; Joseph, P.V.; Volkow, N.D.; Wang, G.-J. Neuroimaging of
Sex/Gender Differences in Obesity: A Review of Structure, Function, and Neurotransmission. Nutrients 2020, 12, 1942. [CrossRef]

9. Chao, A.M.; Loughead, J.; Bakizada, Z.M.; Hopkins, C.M.; Geliebter, A.; Gur, R.C.; Wadden, T.A. Sex/gender differences in neural
correlates of food stimuli: A systematic review of functional neuroimaging studies. Obes. Rev. 2017, 18, 687–699. [CrossRef]

10. Dekkers, I.A.; Jansen, P.R.; Lamb, H.J. Obesity, Brain Volume, and White Matter Microstructure at MRI: A Cross-sectional UK
Biobank Study. Radiology 2019, 291, 763–771. [CrossRef]

11. Tomiyama, A.J.; Dallman, M.F.; Epel, E.S. Comfort food is comforting to those most stressed: Evidence of the chronic stress
response network in high stress women. Psychoneuroendocrinology 2011, 36, 1513–1519. [CrossRef]

12. Frayn, M.; Livshits, S.; Knäuper, B. Emotional eating and weight regulation: A qualitative study of compensatory behaviors and
concerns. J. Eat. Disord. 2018, 6, 23. [CrossRef]

13. Dallman, M.F.; Pecoraro, N.C.; La Fleur, S.E.; Warne, J.P.; Ginsberg, A.B.; Akana, S.F.; Laugero, K.C.; Houshyar, H.; Strack, A.M.;
Bhatnagar, S.; et al. Chapter 4: Glucocorticoids, chronic stress, and obesity. Prog. Brain Res. 2006, 153, 75–105.

14. Puhl, R.M.; Peterson, J.L.; Luedicke, J. Weight-Based Victimization: Bullying Experiences of Weight Loss Treatment–Seeking
Youth. Pediatrics 2013, 131, e1–e9. [CrossRef]

15. Romeo, R.D. Pubertal maturation and programming of hypothalamic-pituitary-adrenal reactivity. Front. Neuroendocr. 2010, 31,
232–240. [CrossRef] [PubMed]

16. Herman, J.P.; McKlveen, J.M.; Ghosal, S.; Kopp, B.; Wulsin, A.; Makinson, R.; Scheimann, J.; Myersr, B. Regulation of the
hypothalamic-pituitary-adrenocortical stress response. Compr. Physiol. 2016, 6, 603–621. [PubMed]

17. Coderre, L.; Srivastava, A.K.; Chiasson, J.L. Role of glucocorticoid in the regulation of glycogen metabolism in skeletal muscle.
Am. J. Physiol.-Endocrinol. Metab. 1991, 260, E927–E932. [CrossRef] [PubMed]

18. Chen, W.; Balland, E.; Cowley, M.A. Hypothalamic Insulin Resistance in Obesity: Effects on Glucose Homeostasis.
Neuroendocrinology 2017, 104, 364–381. Available online: https://www.karger.com/Article/FullText/455865 (accessed
on 6 January 2022). [CrossRef]

19. Toufexis, D.; Rivarola, M.A.; Lara, H.; Viau, V. Stress and the Reproductive Axis. J. Neuroendocr. 2014, 26, 573–586. [CrossRef]
[PubMed]

20. Adam, T.C.; Epel, E.S. Stress, eating and the reward system. Physiol. Behav. 2007, 91, 449–458. [CrossRef]
21. Hackett, R.A.; Steptoe, A. Type 2 diabetes mellitus and psychological stress—A modifiable risk factor. Nat. Rev. Endocrinol. 2017,

13, 547–560. [CrossRef]
22. Chandola, T.; Brunner, E.; Marmot, M. Chronic stress at work and the metabolic syndrome: Prospective study. BMJ 2006, 332,

521–525. Available online: https://www.bmj.com/content/332/7540/521 (accessed on 6 January 2022). [CrossRef]
23. Tryon, M.S.; Carter, C.S.; DeCant, R.; Laugero, K.D. Chronic stress exposure may affect the brain’s response to high calorie food

cues and predispose to obesogenic eating habits. Physiol. Behav. 2013, 120, 233–242. [CrossRef] [PubMed]
24. Hruby, A.; Hu, F.B. The Epidemiology of Obesity: A Big Picture. Pharmacoeconomics 2014, 33, 673–689. [CrossRef] [PubMed]
25. Puhl, R.M.; Himmelstein, M.S. Weight Bias Internalization Among Adolescents Seeking Weight Loss: Implications for Eating

Behaviors and Parental Communication. Front. Psychol. 2018, 9, 2271. [CrossRef] [PubMed]
26. Copeland, W.E.; Bulik, C.M.; Zucker, N.; Wolke, D.; Lereya, S.T.; Costello, E.J. Does childhood bullying predict eating disorder

symptoms? A prospective, longitudinal analysis. Int. J. Eat. Disord. 2015, 48, 1141–1149. [CrossRef]
27. Holder, M.K.; Blaustein, J.D. Puberty and adolescence as a time of vulnerability to stressors that alter neurobehavioral processes.

Front. Neuroendocr. 2013, 35, 89–110. [CrossRef]
28. Uliaszek, A.A.; Zinbarg, R.E.; Mineka, S.; Craske, M.G.; Sutton, J.M.; Griffith, J.W.; Rose, R.; Waters, A.; Hammen, C. The role of

neuroticism and extraversion in the stress-anxiety and stress-depression relationships. Anxiety Stress. Coping 2010, 23, 363–381.
[CrossRef]

https://doi.org/10.1111/obr.12551
https://www.ncbi.nlm.nih.gov/pubmed/28489290
https://doi.org/10.1056/NEJMoa1614362
https://www.ncbi.nlm.nih.gov/pubmed/28604169
https://doi.org/10.1016/S0140-6736(14)60460-8
https://www.ncbi.nlm.nih.gov/pubmed/24880830
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/ncd-risk-factors
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/ncd-risk-factors
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2023
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2023
https://doi.org/10.1111/j.1467-789X.2008.00529.x
https://doi.org/10.1089/lap.2014.0639
https://doi.org/10.3390/nu12071942
https://doi.org/10.1111/obr.12527
https://doi.org/10.1148/radiol.2019181012
https://doi.org/10.1016/j.psyneuen.2011.04.005
https://doi.org/10.1186/s40337-018-0210-6
https://doi.org/10.1542/peds.2012-1106
https://doi.org/10.1016/j.yfrne.2010.02.004
https://www.ncbi.nlm.nih.gov/pubmed/20193707
https://www.ncbi.nlm.nih.gov/pubmed/27065163
https://doi.org/10.1152/ajpendo.1991.260.6.E927
https://www.ncbi.nlm.nih.gov/pubmed/1905485
https://www.karger.com/Article/FullText/455865
https://doi.org/10.1159/000455865
https://doi.org/10.1111/jne.12179
https://www.ncbi.nlm.nih.gov/pubmed/25040027
https://doi.org/10.1016/j.physbeh.2007.04.011
https://doi.org/10.1038/nrendo.2017.64
https://www.bmj.com/content/332/7540/521
https://doi.org/10.1136/bmj.38693.435301.80
https://doi.org/10.1016/j.physbeh.2013.08.010
https://www.ncbi.nlm.nih.gov/pubmed/23954410
https://doi.org/10.1007/s40273-014-0243-x
https://www.ncbi.nlm.nih.gov/pubmed/25471927
https://doi.org/10.3389/fpsyg.2018.02271
https://www.ncbi.nlm.nih.gov/pubmed/30519207
https://doi.org/10.1002/eat.22459
https://doi.org/10.1016/j.yfrne.2013.10.004
https://doi.org/10.1080/10615800903377264


J. Clin. Med. 2023, 12, 5354 15 of 18

29. Striegel-Moore, R.H.; Rosselli, F.; Perrin, N.; DeBar, L.; Wilson, G.T.; May, A.; Kraemer, H.C. Gender difference in the prevalence
of eating disorder symptoms. Int. J. Eat. Disord. 2009, 42, 471–474. [CrossRef]

30. Culbert, K.M.; Shope, M.M.; Sisk, C.L.; Klump, K.L. Low testosterone is associated with dysregulated eating symptoms in young
adult men. Int. J. Eat. Disord. 2020, 53, 1469–1479. [CrossRef]

31. Gray, C.M.; Anderson, A.S.; Clarke, A.M.; Dalziel, A.; Hunt, K.; Leishman, J.; Wyke, S.; Poolsup, N.; Suksomboon, N.;
Jiamsathit, W.; et al. Addressing male obesity: An evaluation of a group-based weight management intervention for Scottish men.
J. Men’s Health 2009, 6, 70–81. [CrossRef]

32. Gough, B.; Conner, M.T. Barriers to healthy eating amongst men: A qualitative analysis. Soc. Sci. Med. 2006, 62, 387–395.
[CrossRef]

33. Palmer, B.F.; Clegg, D.J. The sexual dimorphism of obesity. Mol. Cell. Endocrinol. 2015, 402, 113–119. [CrossRef] [PubMed]
34. Ley, C.J.; Lees, B.; Stevenson, J.C. Sex- and menopause-associated changes in body-fat distribution. Am. J. Clin. Nutr. 1992, 55,

950–954. [CrossRef] [PubMed]
35. Min, K.-B.; Min, J.-Y. Android and gynoid fat percentages and serum lipid levels in United States adults. Clin. Endocrinol. 2015,

82, 377–387. [CrossRef] [PubMed]
36. Farkhondeh, T.; Llorens, S.; Pourbagher-Shahri, A.M.; Ashrafizadeh, M.; Talebi, M.; Shakibaei, M.; Samarghandian, S.

An Overview of the Role of Adipokines in Cardiometabolic Diseases. Molecules 2020, 25, 5218. [CrossRef]
37. Plaisance, E.P.; Grandjean, P.W.; Judd, R.L.; Jones, K.W.; Taylor, J.K. The influence of sex, body composition, and nonesterified

fatty acids on serum adipokine concentrations. Metabolism 2009, 58, 1557–1563. [CrossRef]
38. Rosenbaum, M.; Pietrobelli, A.; Vasselli, J.; Heymsfield, S.; Leibel, R. Sexual dimorphism in circulating leptin concentrations is not

accounted for by differences in adipose tissue distribution. Int. J. Obes. 2001, 25, 1365–1371. [CrossRef]
39. Kawano, J.; Arora, R. The Role of Adiponectin in Obesity, Diabetes, and Cardiovascular Disease. J. CardioMetabolic Syndr. 2009, 4,

44–49. [CrossRef]
40. Cnop, M.; Havel, P.J.; Utzschneider, K.M.; Carr, D.B.; Sinha, M.K.; Boyko, E.J.; Retzlaff, B.M.; Knopp, R.H.; Brunzell, J.D.; Kahn, S.E.

Relationship of adiponectin to body fat distribution, insulin sensitivity and plasma lipoproteins: Evidence for independent roles
of age and sex. Diabetologia 2003, 46, 459–469. Available online: https://link.springer.com/article/10.1007/s00125-003-1074-z
(accessed on 6 January 2022). [CrossRef]

41. Alissa, E.M.; Alzughaibi, L.S.; Marzouki, Z.M. Association between serum resistin, adiposity measures and inflammatory makers
in women without cardiovascular diseases. Chem. Phys. Lipids. 2019, 218, 136–140. [CrossRef]

42. Kern, P.A.; Ranganathan, S.; Li, C.; Wood, L.; Ranganathan, G.; Aparicio-Siegmund, S.; Garbers, Y.; Flynn, C.M.; Waetzig,
G.H.; Gouni-Berthold, I.; et al. Adipose tissue tumor necrosis factor and interleukin-6 expression in human obesity and insulin
resistance. Am. J. Physiol.-Endocrinol. Metab. 2001, 280, E745–E751. [CrossRef]

43. Himmerich, H.; Fulda, S.; Linseisen, J.; Seiler, H.; Wolfram, G.; Himmerich, S.; Gedrich, K.; Pollmächer, T. TNF-alpha, soluble
TNF receptor and interleukin-6 plasma levels in the general population. Eur. Cytokine Netw. 2006, 17, 196–201. [PubMed]

44. Saltiel, A.R.; Olefsky, J.M. Inflammatory mechanisms linking obesity and metabolic disease. J. Clin. Investig. 2017, 127, 1–4.
[CrossRef]

45. Chen, K.-H.E.; Lainez, N.M.; Coss, D. Sex Differences in Macrophage Responses to Obesity-Mediated Changes Determine
Migratory and Inflammatory Traits. J. Immunol. 2020, 206, 141–153. [CrossRef]

46. Tung, Y.L.; Yeo, G.S.; O’rahilly, S.; Coll, A.P. Obesity and FTO: Changing Focus at a Complex Locus. Cell Metab. 2014, 20, 710–718.
[CrossRef] [PubMed]

47. Vaisse, C.; Clement, K.; Guy-Grand, B.; Froguel, P. A frameshift mutation in human MC4R is associated with a dominant form of
obesity. Nat. Genet. 1998, 20, 113–114. [CrossRef] [PubMed]

48. Yeo, G.S.; Farooqi, I.S.; Aminian, S.; Halsall, D.J.; Stanhope, R.G.; O’Rahilly, S. A frameshift mutation in MC4R associated with
dominantly inherited human obesity. Nat. Genet. 1998, 20, 111–112. [CrossRef]

49. Collet, T.H.; Dubern, B.; Mokrosinski, J.; Connors, H.; Keogh, J.M.; de Oliveira, E.M.; Henning, E.; Poitou-Bernert, C.; Oppert, J.-M.;
Tounian, P.; et al. Evaluation of a melanocortin-4 receptor (MC4R) agonist (Setmelanotide) in MC4R deficiency. Mol. Metab. 2017,
6, 1321–1329. [CrossRef]

50. Farooqi, I.S.; Matarese, G.; Lord, G.M.; Keogh, J.M.; Lawrence, E.; Agwu, C.; Sanna, V.; Jebb, S.A.; Perna, F.; Fontana, S.; et al.
Beneficial effects of leptin on obesity, T cell hyporesponsiveness, and neuroendocrine/metabolic dysfunction of human congenital
leptin deficiency. J. Clin. Investig. 2002, 110, 1093–1103. [CrossRef]

51. Farooqi, I.S.; O’Rahilly, S. Human disorders of leptin action. J. Endocrinol. 2014, 223, T63–T70. [CrossRef]
52. Tacer, K.F.; Potts, P.R. Cellular and disease functions of the prader-willi syndrome gene magel2. Biochem. J. 2017, 474, 2177–2190.

[CrossRef]
53. Kershaw, E.E.; Flier, J.S. Adipose Tissue as an Endocrine Organ. J. Clin. Endocrinol. Metab. 2004, 89, 2548–2556. [CrossRef]

[PubMed]
54. Cheung, A.S.; Hoermann, R.; Dupuis, P.; Joon, D.L.; Zajac, J.D.; Grossmann, M. Relationships between insulin resistance and frailty

with body composition and testosterone in men undergoing androgen deprivation therapy for prostate cancer. Eur. J. Endocrinol.
2016, 175, 229–237. [CrossRef] [PubMed]

https://doi.org/10.1002/eat.20625
https://doi.org/10.1002/eat.23320
https://doi.org/10.1016/j.jomh.2008.11.002
https://doi.org/10.1016/j.socscimed.2005.05.032
https://doi.org/10.1016/j.mce.2014.11.029
https://www.ncbi.nlm.nih.gov/pubmed/25578600
https://doi.org/10.1093/ajcn/55.5.950
https://www.ncbi.nlm.nih.gov/pubmed/1570802
https://doi.org/10.1111/cen.12505
https://www.ncbi.nlm.nih.gov/pubmed/24974911
https://doi.org/10.3390/molecules25215218
https://doi.org/10.1016/j.metabol.2009.04.038
https://doi.org/10.1038/sj.ijo.0801730
https://doi.org/10.1111/j.1559-4572.2008.00030.x
https://link.springer.com/article/10.1007/s00125-003-1074-z
https://doi.org/10.1007/s00125-003-1074-z
https://doi.org/10.1016/j.chemphyslip.2018.12.005
https://doi.org/10.1152/ajpendo.2001.280.5.E745
https://www.ncbi.nlm.nih.gov/pubmed/17194640
https://doi.org/10.1172/JCI92035
https://doi.org/10.4049/jimmunol.2000490
https://doi.org/10.1016/j.cmet.2014.09.010
https://www.ncbi.nlm.nih.gov/pubmed/25448700
https://doi.org/10.1038/2407
https://www.ncbi.nlm.nih.gov/pubmed/9771699
https://doi.org/10.1038/2404
https://doi.org/10.1016/j.molmet.2017.06.015
https://doi.org/10.1172/JCI0215693
https://doi.org/10.1530/JOE-14-0480
https://doi.org/10.1042/BCJ20160616
https://doi.org/10.1210/jc.2004-0395
https://www.ncbi.nlm.nih.gov/pubmed/15181022
https://doi.org/10.1530/EJE-16-0200
https://www.ncbi.nlm.nih.gov/pubmed/27340081


J. Clin. Med. 2023, 12, 5354 16 of 18

55. Pellitero, S.; Olaizola, I.; Alastrue, A.; Martínez, E.; Granada, M.L.; Balibrea, J.M.; Moreno, P.; Serra, A.; Navarro-Díaz, M.;
Romero, R.; et al. Hypogonadotropic Hypogonadism in Morbidly Obese Males Is Reversed After Bariatric Surgery. Obes. Surg.
2012, 22, 1835–1842. [CrossRef] [PubMed]

56. Liu, Y.; Ding, Z. Obesity, a serious etiologic factor for male subfertility in modern society. Reproduction 2017, 154, R123–R131.
[CrossRef] [PubMed]

57. Calderón, B.; Gómez-Martín, J.M.; Vega-Piñero, B.; Martín-Hidalgo, A.; Galindo, J.; Luque-Ramírez, M.; Escobar-Morreale, H.F.;
Botella-Carretero, J.I. Prevalence of male secondary hypogonadism in moderate to severe obesity and its relationship with insulin
resistance and excess body weight. Andrology 2016, 4, 62–67. [CrossRef]

58. Schneider, G.; Kirschner, M.A.; Berkowitz, R.; Ertel, N.H. Increased Estrogen Production in Obese Men. J. Clin. Endocrinol. Metab.
1979, 48, 633–638. [CrossRef]

59. Barakat, R.; Oakley, O.; Kim, H.; Jin, J.; Ko, C.J. Extra-gonadal sites of estrogen biosynthesis and function. BMB Rep. 2016, 49,
488–496. [CrossRef]

60. Corona, G.; Rastrelli, G.; Monami, M.; Saad, F.; Luconi, M.; Lucchese, M.; Facchiano, E.; Sforza, A.; Forti, G.; Mannucci, E.; et al.
Body weight loss reverts obesity-associated hypogonadotropic hypogonadism: A systematic review and meta-analysis.
Eur. J. Endocrinol. 2013, 168, 829–843. [CrossRef]

61. Loves, S.; Ruinemans-Koerts, J.; de Boer, H. Letrozole once a week normalizes serum testosterone in obesity-related male
hypogonadism. Eur. J. Endocrinol. 2008, 158, 741–747. [CrossRef]

62. Dhindsa, S.; Furlanetto, R.; Vora, M.; Ghanim, H.; Chaudhuri, A.; Dandona, P. Low Estradiol Concentrations in Men with
Subnormal Testosterone Concentrations and Type 2 Diabetes. Diabetes Care 2011, 34, 1854–1859. [CrossRef]

63. Dhindsa, S.; Miller, M.G.; McWhirter, C.L.; Mager, D.E.; Ghanim, H.; Chaudhuri, A.; Dandona, P. Testosterone Concentrations in
Diabetic and Nondiabetic Obese Men. Diabetes Care 2010, 33, 1186–1192. [CrossRef] [PubMed]

64. Hammond, R.; Levine, R. The economic impact of obesity in the United States. Diabetes Metab. Syndr. Obesity Targets Ther. 2010, 3,
285–295. [CrossRef]

65. Ghanim, H.; Dhindsa, S.; Abuaysheh, S.; Batra, M.; Kuhadiya, N.D.; Makdissi, A.; Chaudhuri, A.; Dandona, P. Diminished
androgen and estrogen receptors and aromatase levels in hypogonadal diabetic men: Reversal with testosterone. Eur. J. Endocrinol.
2018, 178, 277–283. [CrossRef] [PubMed]

66. Huhtaniemi, I.T.; Tajar, A.; Lee, D.M.; O’Neill, T.W.; Finn, J.D.; Bartfai, G.; Boonen, S.; Casanueva, F.F.; Giwercman, A.;
Han, T.S.; et al. Comparison of serum testosterone and estradiol measurements in 3174 European men using platform immunoas-
say and mass spectrometry; relevance for the diagnostics in aging men. Eur. J. Endocrinol. 2012, 166, 983–991. [CrossRef]

67. Pan, W.W.; Myers, M.G., Jr. Leptin and the maintenance of elevated body weight. Nat. Rev. Neurosci. 2018, 19, 95–105. [CrossRef]
68. Parent, A.; Lebrethon, M.; Gérard, A.; Vandersmissen, E.; Bourguignon, J. Leptin effects on pulsatile gonadotropin releasing

hormone secretion from the adult rat hypothalamus and interaction with cocaine and amphetamine regulated transcript peptide
and neuropeptide Y. Regul. Pept. 2000, 92, 17–24. [CrossRef]

69. Myers, M.G., Jr.; Leibel, R.L.; Seeley, R.J.; Schwartz, M.W. Obesity and leptin resistance: Distinguishing cause from effect.
Trends Endocrinol. Metab. TEM 2010, 21, 643–651. [CrossRef]

70. Isidori, A.M.; Caprio, M.; Strollo, F.; Moretti, C.; Frajese, G.; Isidori, A.; Fabbri, A. Leptin and Androgens in Male Obesity:
Evidence for Leptin Contribution to Reduced Androgen Levels*. J. Clin. Endocrinol. Metab. 1999, 84, 3673–3680. [CrossRef]

71. Ishikawa, T.; Fujioka, H.; Ishimura, T.; Takenaka, A.; Fujisawa, M. Expression of leptin and leptin receptor in the testis of fertile
and infertile patients. Andrologia 2007, 39, 22–27. [CrossRef]

72. Jockenhövel, F.; Blum, W.F.; Vogel, E.; Englaro, P.; Müller-Wieland, D.; Reinwein, D.; Rascher, W.; Krone, W. Testosterone
Substitution Normalizes Elevated Serum Leptin Levels in Hypogonadal Men. J. Clin. Endocrinol. Metab. 1997, 82, 2510–2513.
[CrossRef]

73. Fui, M.N.T.; Hoermann, R.; Grossmann, M. Effect of testosterone treatment onadipokines and gut hormones in obese men on a
hypocaloric diet. J. Endocr. Soc. 2017, 1, 302–312.

74. Pasquali, R.; Casanueva, F.; Haluzik, M.; van Hulsteijn, L.; Ledoux, S.; Monteiro, M.P.; Salvador, J.; Santini, F.; Toplak, H.;
Dekkers, O.M. European Society of Endocrinology Clinical Practice Guideline: Endocrine work-up in obesity. Eur. J. Endocrinol.
2020, 182, G1–G32. [CrossRef] [PubMed]

75. Sermondade, N.; Faure, C.; Fezeu, L.; Shayeb, A.G.; Bonde, J.P.; Jensen, T.K.; Van Wely, M.; Cao, J.; Martini, A.C.;
Eskandar, M.; et al. BMI in relation to sperm count: An updated systematic review and collaborative meta-analysis.
Hum. Reprod. Updat. 2012, 19, 221–231. [CrossRef] [PubMed]

76. Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K.; Blaha, M.J.; Cushman, M.; Das, S.R.; de Ferranti, S.; Després, J.-P.;
Fullerton, H.J.; et al. Executive summary: Heart disease and stroke statistics-2016 update: A Report from the American Heart
Association. Circulation 2016, 133, 447–454. [CrossRef]

77. National Diabetes Statistics Report, 2020|CDC. Available online: https://www.cdc.gov/diabetes/data/statistics-report/index.html
(accessed on 8 May 2023).

78. Quesenberry, C.P.; Caan, B.; Jacobson, A. Obesity, Health Services Use, and Health Care Costs Among Members of a Health
Maintenance Organization. Arch. Intern. Med. 1998, 158, 466–472. [CrossRef]

79. Spieker, E.A.; Pyzocha, N. Economic Impact of Obesity. Prim. Care Clin. Off. Pract. 2016, 43, 83–95. [CrossRef]

https://doi.org/10.1007/s11695-012-0734-9
https://www.ncbi.nlm.nih.gov/pubmed/22923309
https://doi.org/10.1530/REP-17-0161
https://www.ncbi.nlm.nih.gov/pubmed/28747541
https://doi.org/10.1111/andr.12135
https://doi.org/10.1210/jcem-48-4-633
https://doi.org/10.5483/BMBRep.2016.49.9.141
https://doi.org/10.1530/EJE-12-0955
https://doi.org/10.1530/EJE-07-0663
https://doi.org/10.2337/dc11-0208
https://doi.org/10.2337/dc09-1649
https://www.ncbi.nlm.nih.gov/pubmed/20200299
https://doi.org/10.2147/DMSO.S7384
https://doi.org/10.1530/EJE-17-0673
https://www.ncbi.nlm.nih.gov/pubmed/29339527
https://doi.org/10.1530/EJE-11-1051
https://doi.org/10.1038/nrn.2017.168
https://doi.org/10.1016/S0167-0115(00)00144-0
https://doi.org/10.1016/j.tem.2010.08.002
https://doi.org/10.1210/jcem.84.10.6082
https://doi.org/10.1111/j.1439-0272.2006.00754.x
https://doi.org/10.1210/jcem.82.8.4174
https://doi.org/10.1530/EJE-19-0893
https://www.ncbi.nlm.nih.gov/pubmed/31855556
https://doi.org/10.1093/humupd/dms050
https://www.ncbi.nlm.nih.gov/pubmed/23242914
https://doi.org/10.1161/CIR.0000000000000366
https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://doi.org/10.1001/archinte.158.5.466
https://doi.org/10.1016/j.pop.2015.08.013


J. Clin. Med. 2023, 12, 5354 17 of 18

80. Hodgson, T.A. Costs of Illness in Cost-Effectiveness Analysis: A Review of the Methodology. Pharmacoeconomics 1994, 6, 536–552.
[CrossRef]

81. Trogdon, J.G.; Finkelstein, E.A.; Hylands, T.; Dellea, P.S.; Kamal-Bahl, S.J. Indirect costs of obesity: A review of the current
literature. Obes. Rev. 2008, 9, 489–500. [CrossRef]

82. Wing, R.R.; Lang, W.; Wadden, T.A.; Safford, M.; Knowler, W.C.; Bertoni, A.G.; Hill, J.O.; Brancati, F.L.; Peters, A.;
Wagenknecht, L.; et al. Benefits of Modest Weight Loss in Improving Cardiovascular Risk Factors in Overweight and Obese
Individuals with Type 2 Diabetes. Diabetes Care 2011, 34, 1481–1486. [CrossRef]

83. The Look Ahead Research. Eight-year weight losses with an intensive lifestyle intervention: The look AHEAD study. Obesity
2014, 22, 5–13. [CrossRef]

84. Calle, E.E.; Rodriguez, C.; Walker-Thurmond, K.; Thun, M.J. Overweight, Obesity, and Mortality from Cancer in a Prospectively
Studied Cohort of U.S. Adults. N. Engl. J. Med. 2003, 348, 1625–1638. [CrossRef] [PubMed]

85. Kolb, R.; Sutterwala, F.S.; Zhang, W. Obesity and cancer: Inflammation bridges the two. Curr. Opin. Pharmacol. 2016, 29, 77–89.
[CrossRef] [PubMed]

86. Anisimov, V.N.; Bartke, A. The key role of growth hormone-insulin-IGF-1 signaling in aging and cancer. Crit. Rev. Oncol. 2013, 87,
201–223. [CrossRef] [PubMed]

87. VanSaun, M.N. Molecular Pathways: Adiponectin and Leptin Signaling in Cancer. Clin. Cancer Res. 2013, 19, 1926–1932.
[CrossRef]

88. Gutiérrez-Cuevas, J.; Santos, A.; Armendariz-Borunda, J. Pathophysiological Molecular Mechanisms of Obesity: A Link between
MAFLD and NASH with Cardiovascular Diseases. Int. J. Mol. Sci. 2021, 22, 11629. [CrossRef]

89. Pan, Y.; Zhang, X. Diet and gut microbiome in fatty liver and its associated liver cancer. J. Gastroenterol. Hepatol. 2021, 37, 7–14.
[CrossRef]

90. Mino, M.; Kakazu, E.; Sano, A.; Katsuyama, H.; Hakoshima, M.; Yanai, H.; Aoki, Y.; Imamura, M.; Yamazoe, T.; Mori, T.; et al.
Effects of sodium glucose cotransporter 2 inhibitors and pioglitazone on FIB-4 index in metabolic-associated fatty liver disease.
Hepatol. Res. 2023, 53, 618–628. [CrossRef]

91. He, K.; Li, J.; Xi, W.; Ge, J.; Sun, J.; Jing, Z. Dapagliflozin for nonalcoholic fatty liver disease: A systematic review and meta-analysis.
Diabetes Res. Clin. Pract. 2022, 185, 109791. [CrossRef]

92. Polidorir, D.; Sanghvi, A.; Seeley, R.J.; Hall, K.D. How Strongly Does Appetite Counter Weight Loss? Quantification of the
Feedback Control of Human Energy Intake. Obesity 2016, 24, 2289–2295. [CrossRef]

93. Löffler, M.C.; Betz, M.J.; Blondin, D.P.; Augustin, R.; Sharma, A.K.; Tseng, Y.-H.; Scheele, C.; Zimdahl, H.; Mark, M.;
Hennige, A.M.; et al. Challenges in tackling energy expenditure as obesity therapy: From preclinical models to clinical
application. Mol. Metab. 2021, 51, 101237. [CrossRef]

94. Wharton, S.; Lau, D.C.; Vallis, M.; Sharma, A.M.; Biertho, L.; Campbell-Scherer, D.; Adamo, K.; Alberga, A.; Bell, R.; Boulé, N.; et al.
Obesity in adults: A clinical practice guideline. Can. Med Assoc. J. 2020, 192, E875–E891. Available online: https://www.cmaj.ca/
content/192/31/E875 (accessed on 24 January 2022). [CrossRef] [PubMed]

95. Müller, T.D.; Clemmensen, C.; Finan, B.; DiMarchi, R.D.; Tschöp, M.H. Anti-Obesity Therapy: From Rainbow Pills to Polyagonists.
Pharmacol. Rev. 2018, 70, 712–746. [CrossRef] [PubMed]

96. Drew, B.S.; Dixon, A.F.; Dixon, J.B. Obesity management: Update on orlistat. Vasc. Health Risk Manag. 2007, 3, 817–821. [PubMed]
97. Greig, S.L.; Keating, G.M. Naltrexone ER/Bupropion ER: A Review in Obesity Management. Drugs 2015, 75, 1269–1280. [CrossRef]
98. Secher, A.; Jelsing, J.; Baquero, A.F.; Hecksher-Sørensen, J.; Cowley, M.A.; Dalbøge, L.S.; Hansen, G.; Grove, K.L.; Pyke, C.;

Raun, K.; et al. The arcuate nucleus mediates GLP-1 receptor agonist liraglutide-dependent weight loss. J. Clin. Investig. 2014,
124, 4473–4488. [CrossRef]

99. Marso, S.P.; Daniels, G.; Brown-Frandsen, K. Liraglutide and cardiovascular outcomes in type 2 diabetes. N. Engl. J. Med. 2016,
375, 311–322. [CrossRef]

100. Marso, S.P.; Bain, S.C.; Consoli, A.; Eliaschewitz, F.G.; Jódar, E.; Leiter, L.A.; Lingvay, I.; Rosenstock, J.; Seufert, J.;
Warren, M.L.; et al. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N. Engl. J. Med. 2016,
375, 1834–1844. [CrossRef]

101. Frias, J.P.; Jastreboff, A.M.; le Roux, C.W.; Sattar, N.; Aizenberg, D.; Mao, H.; Zhang, S.; Ahmad, N.N.; Bunck, M.C.;
Benabbad, I.; et al. Tirzepatide Once Weekly for the Treatment of Obesity. Lancet 2023, 387, 205–216. [CrossRef]

102. Frias, J.P.; Wynne, A.G.; Matyjaszek-Matuszek, B.; Bartaskova, D.; Cox, D.A.; Woodward, B.; Li, Y.G.; Tham, L.S.; Milicevic, Z.
Efficacy and safety of an expanded dulaglutide dose range: A phase 2, placebo-controlled trial in patients with type 2 diabetes
using metformin. Diabetes Obes. Metab. 2019, 21, 2048–2057. [CrossRef]

103. Inagaki, N.; Takeuchi, M.; Oura, T.; Imaoka, T.; Seino, Y. Efficacy and safety of tirzepatide monotherapy compared with
dulaglutide in Japanese patients with type 2 diabetes (SURPASS J-mono): A double-blind, multicentre, randomised, phase 3 trial.
Lancet Diabetes Endocrinol. 2022, 10, 623–633. [CrossRef]

104. Harris, E. Triple-Hormone Combination Retatrutide Induces 24% Body Weight Loss. JAMA 2023, 330, 306. [CrossRef] [PubMed]
105. Jastreboff, A.M.; Kaplan, L.M.; Frías, J.P.; Wu, Q.; Du, Y.; Gurbuz, S.; Coskun, T.; Haupt, A.; Milicevic, Z.; Hartman, M.L.; et al.

Triple-Hormone-Receptor Agonist Retatrutide for Obesity—A Phase 2 Trial. N. Engl. J. Med. 2023, online ahead of print.
106. Pilitsi, E.; Farr, O.M.; Polyzos, S.A.; Perakakis, N.; Nolen-Doerr, E.; Papathanasiou, A.-E.; Mantzoros, C.S. Pharmacotherapy of

obesity: Available medications and drugs under investigation. Metabolism 2019, 92, 170–192. [CrossRef] [PubMed]

https://doi.org/10.2165/00019053-199406060-00007
https://doi.org/10.1111/j.1467-789X.2008.00472.x
https://doi.org/10.2337/dc10-2415
https://doi.org/10.1002/oby.20662
https://doi.org/10.1056/NEJMoa021423
https://www.ncbi.nlm.nih.gov/pubmed/12711737
https://doi.org/10.1016/j.coph.2016.07.005
https://www.ncbi.nlm.nih.gov/pubmed/27429211
https://doi.org/10.1016/j.critrevonc.2013.01.005
https://www.ncbi.nlm.nih.gov/pubmed/23434537
https://doi.org/10.1158/1078-0432.CCR-12-0930
https://doi.org/10.3390/ijms222111629
https://doi.org/10.1111/jgh.15713
https://doi.org/10.1111/hepr.13898
https://doi.org/10.1016/j.diabres.2022.109791
https://doi.org/10.1002/oby.21653
https://doi.org/10.1016/j.molmet.2021.101237
https://www.cmaj.ca/content/192/31/E875
https://www.cmaj.ca/content/192/31/E875
https://doi.org/10.1503/cmaj.191707
https://www.ncbi.nlm.nih.gov/pubmed/32753461
https://doi.org/10.1124/pr.117.014803
https://www.ncbi.nlm.nih.gov/pubmed/30087160
https://www.ncbi.nlm.nih.gov/pubmed/18200802
https://doi.org/10.1007/s40265-015-0427-5
https://doi.org/10.1172/JCI75276
https://doi.org/10.1056/NEJMoa1603827
https://doi.org/10.1056/NEJMoa1607141
https://doi.org/10.1016/s0140-6736(23)01200-x
https://doi.org/10.1111/dom.13764
https://doi.org/10.1016/S2213-8587(22)00188-7
https://doi.org/10.1001/jama.2023.12055
https://www.ncbi.nlm.nih.gov/pubmed/37405814
https://doi.org/10.1016/j.metabol.2018.10.010
https://www.ncbi.nlm.nih.gov/pubmed/30391259


J. Clin. Med. 2023, 12, 5354 18 of 18

107. Wolfe, B.M.; Kvach, E.; Eckel, R.H. Treatment of obesity. Circ. Res. 2016, 118, 1844–1855. [CrossRef]
108. Fildes, A.; Charlton, J.; Rudisill, C.; Littlejohns, P.; Prevost, A.T.; Gulliford, M.C. Probability of an Obese Person Attaining Normal

Body Weight: Cohort Study Using Electronic Health Records. Am. J. Public Health 2015, 105, e54–e59. [CrossRef] [PubMed]
109. Kochkodan, J.; Telem, D.A.; Ghaferi, A.A. Physiologic and psychological gender differences in bariatric surgery. Surg. Endosc.

2017, 32, 1382–1388. [CrossRef] [PubMed]
110. Young, M.T.; Phelan, M.J.; Nguyen, N.T. A Decade Analysis of Trends and Outcomes of Male vs Female Patients Who Underwent

Bariatric Surgery. J. Am. Coll. Surg. 2016, 222, 226–231. [CrossRef]
111. O’brien, P.E.; Hindle, A.; Brennan, L.; Skinner, S.; Burton, P.; Smith, A.; Crosthwaite, G.; Brown, W. Long-Term Outcomes After

Bariatric Surgery: A Systematic Review and Meta-analysis of Weight Loss at 10 or More Years for All Bariatric Procedures and a
Single-Centre Review of 20-Year Outcomes After Adjustable Gastric Banding. Obes. Surg. 2018, 29, 3–14. [CrossRef]

112. Busetto, L.; Dicker, D.; Azran, C.; Batterham, R.L.; Farpour-Lambert, N.; Fried, M.; Hjelmesæth, J.; Kinzl, J.; Leitner, D.R.;
Makaronidis, J.M.; et al. Practical Recommendations of the Obesity Management Task Force of the European Association for the
Study of Obesity for the Post-Bariatric Surgery Medical Management. Obes. Facts 2017, 10, 597–632. [CrossRef]

113. Carrasco, F.; Papapietro, K.; Csendes, A.; Salazar, G.; Echenique, C.; Lisboa, C.; Díaz, E.; Rojas, J. Changes in Resting Energy
Expenditure and Body Composition after Weight Loss following Roux-en-Y Gastric Bypass. Obes. Surg. 2007, 17, 608–616.
[CrossRef]

114. Braga, T.G.; das Graças Coelho de Souza, M.; Maranhão, P.A.; Menezes, M.; Dellatorre-Teixeira, L.; Bouskela, E.; Le Roux, C.W.;
Kraemer-Aguiar, L.G. Evaluation of Heart Rate Variability and Endothelial Function 3 Months After Bariatric Surgery. Obes Surg.
2020, 30, 2450–2453. [CrossRef]

115. Iannelli, A.; Anty, R.; Schneck, A.; Tran, A.; Hébuterne, X.; Gugenheim, J. Evolution of low-grade systemic inflammation, insulin
resistance, anthropometrics, resting energy expenditure and metabolic syndrome after bariatric surgery: A comparative study
between gastric bypass and sleeve gastrectomy. J. Visc. Surg. 2013, 150, 269–275. [CrossRef] [PubMed]

116. Maser, R.E.; Lenhard, M.J.; Irgau, I.; Wynn, G.M. Impact of surgically induced weight loss on cardiovascular autonomie function:
One-year follow-up. Obesity 2007, 15, 364–369. [CrossRef] [PubMed]

117. Wu, J.-M.; Yu, H.-J.; Lai, H.-S.; Yang, P.-J.; Lin, M.-T.; Lai, F. Improvement of heart rate variability after decreased insulin resistance
after sleeve gastrectomy for morbidly obesity patients. Surg. Obes. Relat. Dis. 2014, 11, 557–563. [CrossRef]

118. Julve, J.; Pardina, E.; Pérez-Cuéllar, M.; Ferrer, R.; Rossell, J.; Baena-Fustegueras, J.A.; Fort, J.M.; Lecube, A.; Blanco-Vaca, F.;
Sánchez-Quesada, J.L.; et al. Bariatric surgery in morbidly obese patients improves the atherogenic qualitative properties of the
plasma lipoproteins. Atherosclerosis 2014, 234, 200–205. [CrossRef] [PubMed]

119. Pillar, G.; Peled, R.; Lavie, P. Recurrence of Sleep Apnea Without Concomitant Weight Increase 7.5 Years After Weight Reduction
Surgery. Chest 1994, 106, 1702–1704. [CrossRef]

120. Tremmel, M.; Gerdtham, U.-G.; Nilsson, P.M.; Saha, S. Economic Burden of Obesity: A Systematic Literature Review. Int. J.
Environ. Res. Public Health 2017, 14, 435. Available online: https://www.mdpi.com/1660-4601/14/4/435/htm (accessed on
6 January 2022). [CrossRef]

121. Finkelstein, E.A.; Trogdon, J.G.; Cohen, J.W.; Dietz, W.H. Annual Medical Spending Attributable to Obesity: Payer-And Service-
Specific Estimates. Health Aff. 2009, 28, w822–w831. [CrossRef]

122. Cawley, J.; Meyerhoefer, C. The medical care costs of obesity: An instrumental variables approach. J. Health Econ. 2012, 31,
219–230. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/CIRCRESAHA.116.307591
https://doi.org/10.2105/AJPH.2015.302773
https://www.ncbi.nlm.nih.gov/pubmed/26180980
https://doi.org/10.1007/s00464-017-5819-z
https://www.ncbi.nlm.nih.gov/pubmed/28840338
https://doi.org/10.1016/j.jamcollsurg.2015.11.033
https://doi.org/10.1007/s11695-018-3525-0
https://doi.org/10.1159/000481825
https://doi.org/10.1007/s11695-007-9117-z
https://doi.org/10.1007/s11695-020-04397-4
https://doi.org/10.1016/j.jviscsurg.2013.08.005
https://www.ncbi.nlm.nih.gov/pubmed/24016714
https://doi.org/10.1038/oby.2007.554
https://www.ncbi.nlm.nih.gov/pubmed/17299109
https://doi.org/10.1016/j.soard.2014.09.011
https://doi.org/10.1016/j.atherosclerosis.2014.02.034
https://www.ncbi.nlm.nih.gov/pubmed/24674904
https://doi.org/10.1378/chest.106.6.1702
https://www.mdpi.com/1660-4601/14/4/435/htm
https://doi.org/10.3390/ijerph14040435
https://doi.org/10.1377/hlthaff.28.5.w822
https://doi.org/10.1016/j.jhealeco.2011.10.003

	Introduction 
	The Psychological Aspect of Obesity and the Influence of Cortisol 
	Male Obesity Overview 
	Pathogenetic Factors of Obesity 
	Clinical Consequences of Male Obesity 
	Obesity, Hypogonadism and Infertility in Men with Obesity 
	Diabetes Mellitus and Cardiovascular Disorders 
	Cancer 
	Metabolic Associated Fatty Liver Disease (MAFLD) 

	Obesity Treatment 
	Diet and Lifestyle Interventions 
	Pharmacotherapy of Obesity 
	Bariatric Surgery 

	Conclusions 
	References

