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Abstract

Obesity is currently one of the most serious public health problems which affects up to 30-40% of the population, and its prevalence
is higher in men than in women. Complications of obesity include atherosclerosis, cardiovascular diseases, and type 2 diabetes mellitus,
but it also has a negative impact on the hormonal system and fertility. The hormonal consequences of excess body fat in men are func-
tional hypogonadism, which not only causes clinical symptoms of testosterone deficiency, but is also a risk factor for obesity (a vicious
circle mechanism). Reduced fertility in obese men may be a consequence of functional hypogonadotropic hypogonadism (decreased
gonadotropins and testosterone secretion, reduced libido, and erectile dysfunction), but other mechanisms associated with excess adipose
tissue, like hyperinsulinaemia, hyperleptinaemia, chronic inflammation, and oxidative stress also play an important role. Therefore, in
obese men deterioration of semen parameters (sperm concentration, motility, and morphology) and reduced fertility are observed, also
concerning the effectiveness of assisted reproductive techniques. Reducing the mass of adipose tissue causes an increase in testosterone
concentrations and has a beneficial effect on semen parameters. Functional hypogonadism in obese men should be diagnosed only after
exclusion of organic causes of hypogonadism. Lifestyle changes, including physical exercise and low-caloric diet, and optimization of
comorbidities, are still first line of treatment. In some patients, if such treatment is ineffective, pharmacotherapy or bariatric surgery may
be considered. Testosterone replacement therapy is contraindicated in obese men with functional hypogonadism, especially in those
who desire fertility. Selective oestrogen receptor modulators and aromatase inhibitors improve sperm quality but are not recommended
for the treatment of hypogonadism in obese men. GLP-1 analogues appear to be effective and safe in the treatment of low testosterone

and infertility in obese men and may be the main method of pharmacotherapy in the future.
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Introduction

According to the World Health Organization (WHO),
in 2018 about 39% of adults were overweight and 13%
were obese, which means that an estimated 1.4 bil-
lion people are currently considered as overweight or
obese, including over 200 million obese males, and this
is expected to increase to more than 40% of the global
population by 2030 [1]. The data obtained by the Na-
tional Institute of Public Health in Poland reported in
2020 that overweight was observed in 64% and obesity
in 12% of men, while among men aged 2044 years
the prevalence of both was almost 2 times higher in men
than in women [2].

These epidemiological data indicate that overweight
and obesity are an increasingly common health prob-
lem in men of all ages, especially in reproductive age,
and can cause endocrine disorders, negatively affect
reproductive capacity, and are a risk factor for associated
comorbidities. The most important complication of obe-
sity in men is an increased risk of type 2 diabetes, athero-
sclerosis, and cancer, which lead to increased mortality.
Unfortunately, the diagnosis and treatment of obesity

are difficult because it results from complex interactions
between hormonal, genetic, nutritional, environmental,
metabolic, and psychosocial factors.

Obesity is also associated with gonadal dysfunction.
In women, obesity is associated with a risk of polycys-
tic ovary syndrome (PCOS), while in men it causes
the so-called male obesity-associated secondary hypogo-
nadism (MOSH), more commonly called functional hy-
pogonadism (FH). These functional disorders of the male
gonads cause clinical symptoms of hypogonadism, such
as erectile dysfunction, decreased libido, depressed mood,
and metabolic complications, but they are also a signifi-
cant and increasingly frequent cause of fertility disorders
in men. Unfortunately, functional hypogonadism is also
the cause of the aggravation of obesity, so we observe
the classic mechanism of a vicious circle.

Since about 50% of the causes of fertility disorders
in a couple are male factors, it seems that obesity
and its consequences may play an extremely impor-
tant role in the pathogenesis of infertility in men.
Thus, understanding the causes and management of
obesity in men has become an important problem of
public health.
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Pathogenesis of functional hypogonadism
in obese men

Functional hypogonadism (also referred to adult-on-
set hypogonadism) is defined as “the coexistence of
androgen deficiency-like features and low serum tes-
tosterone (T) concentrations occurring in the absence
of both intrinsic structural hypothalamic-pituitary-testis
(HPT) axis pathology and of specific pathologic condi-
tions suppressing the HPT axis (such as microprolacti-
noma, endogenous Cushing syndrome) in middle-aged
or older men” [3]. The European Male Aging Study
revealed that T levels decline with age, comorbidities
(e.g. obesity) may further reduce T concentration,
and the prevalence of FH in middle-aged and older men
varies from 2.1% to 12.3% [4]. The characteristic fea-
ture, which distinguishes FH from other types of hy-
pogonadism (primary or secondary), is its potential
reversibility if the underlying causes are removed or
treated. There is a consensus that the most important
cause of FH is obesity, which is why the term MOSH
was proposed [5], but in practice it is unlikely that
obesity is the sole cause of FH. Therefore, the term FH
is used more often, which considers other causes of T
deficiency such as advancing age, stress, excessive sport,
and comorbidities.

Obesity-associated FH has been intensively studied
for several years, during which time it has been shown
that men with a BMI of 35-40 kg/m? can have up to 50%
less free and total T when compared to age-matched
peers with body mass index (BMI) < 25 kg/m? [6],
and an 8.7-fold increase in risk of hypogonadism in men
with a BMI >30 kg/m?has been demonstrated [4].

In 1999, Cohen et al. suggested that obesity is a risk
factor for T deficiency, but hypogonadism promotes
obesity, leading to a vicious cycle, and the most effec-
tive way to increase T levels is to reduce body fat mass
[7]. A classic example of this bidirectional relationship
is the rapid weight gain observed in patients with
prostate cancer undergoing androgen deprivation
therapy [8], while reducing body fat through bariatric
surgery or pharmacologically with liraglutide increases
T levels [9-11].

There is currently no doubt that obesity causes hy-
pogonadism (and vice versa), but the exact patho-
physiological mechanisms remain to be elucidated;
however, it is emphasized that they are complex
and multifactorial._

Aromatisation of testosterone to estradiol in fat
tissue

In men with obesity the expression of aromatase
enzyme (CYP19A1) in the adipocytes is increased,
which enhances the conversion of T to estradiol (E2).

This conversion leads to a decrease in serum total T
and further fat deposition (adipocyte hypertrophy),
while an increase in E2 has a suppressive effect
on hypothalamo-pituitary function (negative feed-
back), and in patients with FH luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) levels
are reduced or inadequately normal in relation to low
T concentrations. These observations point to a hy-
pothalamic defect, especially since the gonadotropin
response to gonadotropin-releasing hormone (GnRH)
stimulation is normal [7].

In addition to the inhibitory effect of elevated E2 on
the HPT axis, E2 also stimulates the hepatic synthesis of
sex hormone binding globulin (SHBG). In the circula-
tion, 98% of T is bound to albumin (40%) and SHBG
(about 58%), and only 1-2% of it is free T, which acts
on tissue androgen receptors [12]. Therefore, in men
with hyperoestrogenism as a result of obesity, a decrease
in free T levels and clinical signs of hypogonadism are
observed.

SHBG and obesity

In obese men, the mechanism described above is par-
tially compensated because low SHGB levels are present
in obese men. It was previously thought that low SHBG
concentrations were only the result of insulin resistance
(hyperinsulinaemia), but they seem to be related rather
to the high pro-inflammatory cytokines interleukin
1 (IL-1) and tumour necrosis factor alpha (TNF-a),
and to high lipid content of the liver [13]. Until recently,
it was thought that SHBG was only a “storehouse” for
T, but now it is emphasized that SHBG exerts a direct
anti-inflammatory effect and additionally reduces fat
content in adipose tissue cells (adipocytes) as well as
in macrophages [14].

Insulin resistance and obesity

In obese men with hypogonadism multipotential mes-
enchymal cells of fat tissues are preferentially dif-
ferentiate to adipocytes instead to myocytes, causing
unfavourable changes in body composition (visceral
obesity and sarcopenia) and insulin resistance. This
phenomenon results in increasing of pro-inflammatory
cytokines (TNF-«, IL-1, and IL-6) and decreasing adi-
ponectin [14, 15]. Hyperinsulinaemia in obese men also
inhibits hypothalamic kisspeptin-dependent signalling
and reduces pulsatile GnRH secretion, leading to func-
tional hypogonadotropic hypogonadism as well as to
peripheral hypogonadism through direct actions on
Leydig cells [15].

However, insulin resistance and SHBG are indepen-
dently correlated with low free T levels in obese males.
The impact of insulin resistance and SHBG on T levels
in the population of obese men was investigated [17].
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T deficiency was present in 52.0% of the enrolled
patients, but this percentage dropped to 17.6% when
only free T was accounted for, because SHBG levels
were correlated negatively with BMI. The authors ob-
served that higher homoeostasis model assessment of
insulin resistance (HOMA-IR) and lower SHBG levels
were independently correlated with lower free T. They
concluded that insulin resistance seems to be the main
determinant of low T levels in obese males; however,
low SHBG levels were correlated with low free T even
after HOMA-IR adjustment. This suggests that SHBG
can be associated with T deficiency beyond the influ-
ence of insulin resistance.

Insulin resistance, and low SHBG and T form a spe-
cific “triad” that significantly contributes to the diabetic
and prediabetic state in men. In the Massachusetts Male
Aging Study (MMAS) the authors observed in 1156
patients over 7-10 years that low levels of T and SHBG
were strongly associated with the development of dia-
betes in men. Also, the incidence of FH was investigated
in the population of Polish obese, diabetic men [19].
We observed that diabetic men had statistically higher
E2 concentration than non-obese control men, 46% of
diabetic men were hypogonadal, and 93% of them had
functional hypogonadotropic hypogonadism. BMI
and total T as well as free T concentrations showed a sta-
tistically significant inverse relationship (r = -0.362),
and there was an inverse relationship between BMI
and calculated free T levels.

Leptin resistance, kisspeptin, and obesity

Another important player in the pathophysiology of FH
in obese men is leptin produced by adipocytes, which
acts to regulate energy balance ensuring reduced fat
storage. The physiological role of leptin is to stimulate
kisspeptin neurons, which in turn stimulates hypotha-
lamic neurons to secrete GnRH and consequently LH
in the pituitary, while T inhibits the secretion of leptin
in adipocytes and regulates physiological T-leptin-kis-
speptin-GnRH feedback [20]. However, obesity in men
causes an increase in leptin secretion in adipocytes
and consequently a central leptin resistance at the hy-
pothalamo-pituitary level. Similarly to hyperinsulinism,
leptin not only inhibits the secretion of GnRH and LH
but also reduces the sensitivity of Leydig cells to LH
[20-21]. Thus, hyperinsulinism and leptin resistance, in
similar mechanisms, play a role in the pathomechanism
of FH in obese men.

Proinflammatory cytokines and obesity

The last important players in the pathophysiology
of FH in obese men are proinflammatory cytokines.
As mentioned, T deficiency promotes the formation
of adipocytes from pluripotent mesenchymal cells,

while T action exerts an anti-inflammatory effect on
fat tissue (decreasing leptin, TNF-«, IL-6, osteopro-
tegerin, and monocyte chemoattractant protein-lc,
and increasing adiponectin and visfatin) because it
prevents adipocyte hypertrophy. Additionally, T im-
proves insulin sensitivity and reduces CRP secretion
from the liver [14, 22].

The consequence of tissue hyperplasia in obese men,
partially related to FH, is not only increased E2, leptin,
and insulin resistance, but also synthesis of pro-inflam-
matory adipokines (proinflammatory state) like IL-1,
IL-6, and TNF-¢, which are secreted from adipocytes
and strongly activate macrophages, as well as decreased
secretion of adiponectin [22]. Elevated concentrations
of pro-inflammatory cytokines intensify the general
inflammation state and worsen the sensitivity of tissues
to insulin and are an additional factor impairing kis-
speptin signalling in the hypothalamus and inhibiting
GnRH secretion [20, 23].

Summary model of GnRH secretion regulation

in obese men

The key element directly regulating GnRH secretion
is kisspeptin, the neurons of which are located in
the infundibular nucleus. The role of kisspeptin is to
stimulate GnRH neurons through specific receptors
(KISSIR) in the preoptic area of the hypothalamus
and consequently the secretion of LH, FSH, and T and it
indirectly affects spermatogenesis. Because kisspeptin
neurons have receptors for insulin, leptin, and E2, leptin
resistance as well as hyperinsulinism and hyperoestro-
genism cause disorders of the kisspeptin-GnRH axis
and, consequently, a decrease in T synthesis in Leydig
cells. Pro-inflammatory cytokines present similar ad-
verse effects on GnRH secretion. In addition, a direct in-
hibitory effect of hyperinsulinism and leptin resistance
on Leydig cells participate in the pathomechanism of
FH and fertility disorders in obese men [14, 24]. These
disorders are referred to as FH, but from the endocri-
nologist’s point of view, it is hypogonadotropic hypo-
gonadism, i.e. secondary. Factors that may cause FH in
obese men are summarized in Table 1.

Testosterone levels in obese men

Several cross-sectional observational studies re-
ported lower T levels in men with obesity, diabetes,
or metabolic syndrome as compared to control sub-
jects [25-26], but not all studies have shown such
a relationship. Data from the MMAS demonstrated
that middle-aged men who became overweight dur-
ing many years of follow-up presented lower total
T and SHBG, but not free T levels [27]. It should be
remembered that only free T, and to a lesser extent
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Table 1. Factors that may cause functional hypogonadism (FH) in obese men.

Factor

Central mechanism

Peripheral mechanism

Estradiol excess

GnRH secretion inhibition

Increase in SHBG

Insulin resistance

GnRH secretion inhibition

Leydig cell inhibition

Leptin resistance

GnRH secretion inhibition

Leydig cell inhibition

Pro-inflammatory cytokines

GnRH secretion inhibition

Insulin resistance

GnRH — gonadoliberin; SHBG — sex hormone binding globulin

the albumin-bound testosterone (often referred to as
bioavailable T), affects the receptors, so these patients
probably did not have clinical signs of hypogonadism.
Also, low SHBG concentrations, which are character-
istic in obese men, in some studies correlated with
subsequent metabolic risk, e.g. obesity [28].

SHBG and free T levels should be considered when
diagnosing hormonal disorders in obese men because
studies showed more consistent associations between
free T (or bioavailable T) and androgen-related out-
comes such as sexual desire than with total T levels [29].
Because, as mentioned earlier, in obese men SHBG lev-
els are low, contributing to the low total T levels. Only
in men with severe visceral obesity is free T significantly
decreased [30]. So, the interpretation of hormonal re-
sults and diagnosis of hypogonadism in obese men may
be complicated, because not at all obese men with low
T are truly hypogonadal, i.e. with signs and symp-
toms of hypogonadism. It should be considered that
a higher prevalence of sexual and erectile dysfunction
(ED) and decreased semen quality in men with obesity
with or without low total T levels were observed [31].
Importantly, most obese men still have normal free T
levels and lack of hypogonadal signs, so they cannot
be considered truly hypogonadal.

Erectile dysfunction, FH, and obesity

Hypogonadism leads to difficulties in achieving
and maintaining an erection. Erectile function is de-
pendent on interactions of erectile tissue, and several
endocrine and psychological factors. Hypogonadism,
often observed in obese men, is one of most important
risk factors of ED and one the most specific symptoms
of hypogonadism.

In population of 3369 men between the ages of 40
and 79 years at 8 European centres T levels have been
correlated with clinical symptoms considered to be spe-
cific to hypogonadism. The results of the European Male
Aging Study (EMAS) showed that sexual symptoms
(poor morning erection, low sexual desire and ED) had
a syndromic association with decreased T levels (total T
level of less than 11 nmol per litre (3.2 ng/mL) and a free
T level of less than 220 pmol per litre (64 pg/mL). Also,

an inverse relationship between an increased number
of sexual symptoms and a decreased T level was ob-
served [32].

Previous studies have shown a significant impact of
obesity on the risk of ED. In a cross-sectional analysis
of data from a prospective cohort study of 31,742 men
aged 53 to 90 years, obesity was associated with higher
risk of ED: relative risk, 1.3 [confidence interval (CI),
1.2 to 1.4] for body mass index (BMI) > 28.7 kg/m?
vs. < 23.2kg/m?) [33]. In the MMAS, a random-sample
cohort study, including 513 men aged 40-70 years,
overweight (BMI > 28 kg/m?) was found in 79% of
subjects with ED [34].

Also, a study performed on a population of Pol-
ish men over 65 years old with ED, with or without
obesity, showed a relationship between low T and ED.
The degree of ED was significantly higher in men with
lower T levels (inverse relationship between IIEF-5 score
and total T), and obesity was found in 91% of men with
T levels < 350 ng/dL [35]. Also, in population of Polish
prediabetic men (mean BMI > 29 kg/m?), the prevalence
of ED in patients with prediabetes was higher than in
the control group (30 vs. 24%) and was associated with
low free T levels [36].

A recent meta-analysis of the association between
BMI and ED in 42,489 men revealed that the prevalence
of ED was significantly higher in overweight men
[odds ratio (OR) = 1.31; 95% CI: 1.13-1.51; I* = 72%]
and in men with obesity (OR = 1.60; 95%CI: 1.29-1.98;
12 =79%), and ED was associated with significant high-
er values of BMI (MD = 0.769; 95%Cl: 0.565-0.973 kg/m?
> =78%) [37].

Obesity results not only in ED, but also increased
difficulty with sexual performance, leading to lower
satisfaction with sexual life, reduced libido, and coital
frequency.

Fertility and obesity in men

The HPT axis is the principal endocrine regulator of re-
productive functions. As described in detail in the previ-
ous chapter, obesity in men is associated with FH, which
is characterized by impaired pulsatile GnRH secretion,
resulting in decreased LH and FSH synthesis. These
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gonadotropins are the key regulatory hormones act-
ing upon the testicular cells. FSH acts upon the Sertoli
cells to regulate spermatogenesis indirectly and stimu-
lates synthesis of inhibin by Sertoli cells. Inhibin acts
directly through a negative feedback mechanism to
downregulate pituitary FSH release, while LH acts on
the Leydig cells to upregulate steroidogenesis and T
synthesis, which further mediates spermatogenesis
by its nuclear receptors in Sertoli cells [38]. In obesity
E2 levels are elevated, and because they inhibit GaARH
neurons (in feedback mechanism) more strongly than T,
hyperoestrogenism leads to subsequent insufficiency of
LH and FSH for steroidogenesis and spermatogenesis
and induced systemic inflammation negatively influ-
enced on steroidogenesis in testes [39].

The pathomechanism of fertility disorders in
obese men is not only due to elevated E2. Excess adi-
pose tissue causes disturbances in the secretion of many
other hormones and substances synthesized in this
tissue and affecting spermatogenesis.

In obese men, adipokines, such as adiponectin,
ghrelin, orexin, leptin, obestatin, and inflammatory cy-
tokines, disrupt normal reproductive hormonal regula-
tion of spermatogenesis [40]. Obesity-related reduction
of orexins causes an imbalance of energy homeostasis
and consequently reduces fertility, while increased
resistin levels reduce insulin sensitivity and play a role
in FH and diabetes pathogenesis. Additionally, orexin
aggravates cellular oxidative stress, whereas elevated
adiponectin levels correlate with low levels of testoster-
one, as well as ghrelin. Hyperinsulinaemia and leptin
resistance may decrease T, which is necessary for
normal spermatogenesis [41], but the effect of leptin
is more complex. Leptin deficiency in mice has shown
impaired spermatogenesis; however, excessive leptin
secretion in obese men impairs spermatogenesis, which
induces overproduction of reactive oxygen species
(ROS) in endothelium [42]. The mechanisms underly-
ing fertility disorders in obese men are very complex
and multifactorial.

One of the factors often observed in obese men
and affecting spermatogenesis is raised gonadal tem-
perature resulting from increased scrotal adiposity.
Optimal scrotal heat for normal spermatogenesis ranges
between 34°C and 35°C, while elevated temperatures
within the scrotum in obesity may impair spermatogen-
esis [40]. Increased testicular temperature has a negative
effect on all basic semen parameters (sperm motility,
morphology), and it increases sperm DNA fragmenta-
tion (SDF) and sperm oxidative stress [43].

It has been shown that oxidative stress increases
with an increase in BMI, possibly due to excessive
seminal macrophage activation resulting in decreased
sperm motility and increased SDE Probably an impor-

tant role in this action is played by ROS stimulated,
among others, by high leptin levels and by elevated
fatty acid oxidation in mitochondria and peroxisome
[44]. The increase in ROS observed in obesity leads to
oxidation of polyunsaturated fatty acids in sperm mem-
brane, loss of mitochondrial membrane potential,
and single- and double-strand SDE BMI greater than 25
kg/m?is accompanied by increased DNA fragmentation
index (DFI) (percentage of spermatozoon with high
single- or double-strand breaks in nuclear SDF) [45].

In recent decades we have observed a gradual
decrease in semen parameters [46]. Numerous stud-
ies have shown that overweight (BMI > 25 kg/m?)
and obesity in men correlate with worse seminologi-
cal results, mainly the prevalence of oligozoospermia
and azoospermia, reduced ejaculate volume, and de-
creased sperm motility (asthenozoospermia) and mor-
phology (teratozoospermia). The risk of oligozoosper-
mia (concentration < 15 million/ml) is threefold higher
than in normal men [47].

In 2023 the first meta-analysis of the relationship
between BMI and sperm count was published [48].
In a sample of 13,077 men from the general popula-
tion attending fertility clinics, the authors observed
a J-shaped relationship between BMI categories
and risk of oligozoospermia or azoospermia. Compared
with men of normal weight, the odds ratio (95% CI) for
oligozoospermia or azoospermia was 1.15 (0.93-1.43)
for underweight, 1.11 (1.01-1.21) for overweight, 1.28
(1.06-1.55) for obese, and 2.04 (1.59-2.62) for morbidly
obese men; therefore, overweight and obesity were as-
sociated with an increased prevalence of azoospermia
or oligozoospermia.

Recent meta-analyses have confirmed the adverse
effect of obesity on semen parameters and fertility
in men. The analysis was based on the qualitative analy-
sis of 60 studies and quantitative analysis of 28 studies
(mainly cross-sectional) assessing semen parameters in
overweight and obese men aged from 16 to 66 years.
Qualitative analysis of the data revealed that over-
weight or obesity was associated with reduced semen
quality parameters (i.e. semen volume, sperm count
and concentration, sperm vitality and motility, and nor-
mal morphology) and specific hormonal changes (lower
inhibin B, total testosterone and sex hormone-binding
globulin, higher E2). Quantitative analysis revealed
that, compared to individuals with normal weight,
those with class I obesity and class Il obesity had a lower
semen volume, sperm count, a decrease in sperm vital-
ity percentages, and a decrease in spermatozoa with
normal morphology [49].

Also, very interesting conclusions are provided
by the meta-analysis of associations between obesity
and semen quality performed in the general rather than



Obesity, hypogonadism, and infertility in men

Michat Rabijewski

Table 2. Factors that may cause fertility disorders in obese men

Factor

Mechanism

Result

GnRH secretion inhibition
Low/inadequate low FSH/LH
Low T

ROS overproduction

FH, E2 excess, insulin resistance,
hyperleptinaemia

Imbalance in adiponectin, ghrelin, orexin,
obestatin and inflammatory cytokines levels

Raised gonadal temperature

Oxidative stress

Sperm DNA fragmentation

Erectile dysfunctions
Oligozoospermia
Asthenozoospermia
Teratozoospermia
Low fertilization index
Longer TTP (also ART)

FH — functional hypogonadism; E2 — estradiol; GnRH — gonadoliberin; LH — luteinizing hormone; FSH — folliculotropic hormone; T — testosterone;
ROS — reactive oxygen species; TTP — time to pregnancy; ART — assisted reproductive techniques

the infertile population. These analyses showed that
obesity had no effect on sperm concentration and per-
centage of normal sperm morphology, but decreased
semen volume, total sperm number, percentage of
forward progression, and percentage of viability [50].

When we take into consideration not only semen
parameters but fertility (e.g. time to pregnancy — TTP),
the influence of obesity on male procreation potential
is confirmed and negative. In the Danish National
Birth Cohort, BMI and TTP were analysed in 47,835
couples. Among men with a BMI of 18.5 kg/m? or more,
a dose-response relationship between increasing BMI
group and subfecundity (a TTP of more than 12 months)
— odds ratio (OR) = 1.19 (95% CI: 1.14-1.24) — for men
was found [51].

The influence of male obesity on SDE fertilization
rate, and pregnancy outcome among males attending
a fertility clinic for IVF/ICSI treatment was investigated
in 750 infertile couples undergoing assisted reproduc-
tion technique (ART). The percentage of spermatozoa
with chromatin maturity and integrity was reduced in
overweight men, and the increase in paternal BMI cor-
related with the increase in sperm chromatin damage,
immaturity, and ROS. Univariant regression analysis
revealed that paternal BMI remain predictor of sperm
chromatin maturity, successful fertilization, and cumu-
lative live birth rate (CLBR). The authors concluded
that paternal overweight should be regarded as one
of the predictors for fertilization not only in women
but also for men [52]. Factors that may cause fertility
disorders in obese men are summarized in Table 2.

Management of obesity in men

Lifestyle changes

FH is primarily due to suppression of the HPT axis
and is potentially reversible in a significant percent-
age of patients. The European Academy of Androl-
ogy (EAA), in guidelines on investigation, treatment,
and monitoring of FH [53], recommends lifestyle
changes, including physical exercise and weight reduc-

tion, in overweight and obese men with FH because
weight loss may increase T concentrations [53]. Data
from EMAS showed that weight loss results in in-
creased T levels in obese men. In 2736 men aged 40-79
years at baseline followed for a mean of 4.4 + (0.3 years,
the authors observed that weight loss greater than
15% was associated with a proportional T increase (2
nmol/L or 58 ng/dL), and weight gain was associated
with a proportional T decrease. The rise in testoster-
one level was proportional to the extent of weight loss
achieved [54].

A meta-analysis was published in 2020 regarding
the treatment of FH, besides pharmacological substitu-
tion [55]. The authors analysed 22 studies evaluating
the effect of a low-calorie diet on T levels. These trials
enrolled 567 patients with a mean age of 44.9 years,
a BMI of 36.0 kg/m? and a mean follow-up of 23 weeks.
Meta-analysis showed, that an average diet-induced
weight loss of 9.8% was associated with a significant
increase in total T of 2.8 nmol/L (1.68-4.07 nmol/L),
as well as a significant increase in LH (1.31 mU/L
[0.80-1.82 mU/L]) and FSH (1.28-2.30 mU/L), thus
the obtained results confirmed earlier data prepared
by the same team of authors [56].

Also effects of physical exercise on T levels were
analysed [55], and based on the results from 8 trials
and 202 enrolled patients with a mean age of 51.8 years,
a mean BMI of 28.5 kg/m?, and a mean follow-up of 15
weeks, the authors concluded that physical exercise
resulted in a significant increase in T levels at the end-
point, and that greater weight loss and longer trial
duration are significantly associated with an increase
in T levels, independently of age. But the surprise was
that for equal weight change, a greater improvement
in T levels is observed in older men.

Bariatric surgery

A meta-analysis of effect of bariatric surgery (BS) on
serum levels of sex hormones was published in 2021
[57]. The results revealed that BS caused a significant
increase in LH, FSH, total T, and SHBG levels and, con-



Endokrynologia Polska

versely, decreased dehydroepiandrosterone (DHEA)
and E2 levels, in males. The mean increase in T ranged
from 8 to 10 nmol/L for T and from 75 to 90 pmol/L for
free T. Total E2 was significantly decreased after BS, with
a mean reduction of about 20 pmol/L.

Also, the influence of BS on male sexual function
was systematically evaluated. [58]. In the analysis a total
of 12 studies involving 420 participants were included,
and the authors noted that BS causes a significant in-
crease in the International Index of Erectile Function
(IEF) score, erectile function score, sexual desire, sexual
intercourse satisfaction, and total satisfaction. However,
BS did not affect orgasm function.

Current large meta-analyses on the impact of
significant weight reduction (BS) provide ambigu-
ous conclusions. In meta-analyses from 2019 authors
evaluated the effects of BS on male sex hormones,
sperm parameters, and sexual function. Analysis of
28 cohort studies with 1022 patients enrolled revealed
that free T, LH, FSH, and SHBG levels were signifi-
cantly increased after surgery; however, BS surgery
did not affect sperm quality and inhibin B levels [59].
While the meta-analysis from 2022 found that one
year after BS sperm parameters, i.e., total sperm count,
sperm motility, semen volume, and sperm concentra-
tion, except sperm morphology, did not significant
change. Deterioration of sperm morphology (terato-
zoospermia) in obese men is one of the most common
sperm pathologies, and even a small improvement can
be beneficial to a couple’s fertility. Unfortunately, a re-
cent meta-analysis again failed to confirm the benefits
of BS on sperm quality [60]. A total of 9 studies with
218 patients were found and the mean preoperative
age distribution of the patients included centralized
from 18 to 50 years, and the mean BMI ranged from
36.7 to 70.5 kg/m> The follow-up period ranged from
6 to 24 months. The results revealed that BS had no
significant effect on sperm volume, concentration, total
count, morphology, total motility, progressive motility,
and viability [60]. Therefore, the current data do not al-
low for an unequivocal assessment of the impact of BS
surgery on semen quality, but it seems to have no effect.

Aromatase inhibitors (Al) and selective oestrogen
receptor modulators (SORM)

SORMs and Als are drugs that antagonize the effects
of E2 at the hypothalamic and pituitary levels. They
increase the concentration of LH and FSH, T and have
a beneficial effect on spermatogenesis. Their effective-
ness in the treatment of infertility in men has been con-
firmed in the latest meta-analysis. Cumulative results of
10 studies involving 666 patients showed that letrozole
or anastrozole administration significantly increased
sperm concentration, total sperm count, LH, FSH, and T

levels; however, no effect was shown on sperm motility
and morphology [61]. Also, the effectiveness of SORMs
(clomiphene) was evaluated in infertile, normogonado-
tropic patients with idiopathic oligozoospermia. SORM
administration significantly increased sperm concentra-
tion, total sperm count, sperm morphology, and serum
LH, FSH, and T however, SORMs did not have any
significant effect on sperm total motility [62]. It should
be clearly noted that both studies analysed patients with
idiopathic infertility, without FH (normal LH and FSH),
while few of them were obese. Thus, the demonstrated
increase in T concentration was not the goal of treat-
ment. Moreover, this increase may not always be ben-
eficial because it may secondarily inhibit FSH secretion.

The effectiveness of SERMs was also analysed
in men with obesity and FH. Seven trial studies were
analysed, which included 232 patients with obesity-re-
lated FH treated with clomiphene (12.5-50 mg daily)
or enclomiphene (12.5-25 mg daily) for 1.5-4 months.
Anincrease in T concentrations after clomiphene (mean
difference: 11.56 nmol/L) and enclomiphene (mean
difference: 7.50 nmol/L) was observed. The authors
concluded that treatment with SERMs may be an ef-
fective alternative to testosterone replacement therapy
in men with obesity-related FH [63].

It should be strongly emphasized that currently
SERMs and Al are not recommended for the treat-
ment of hypogonadism [53, 64]. We currently have few
placebo-controlled clinical trials with Als, and there
are legitimate concerns about the lack of beneficial ef-
fects on body composition [65] and adverse effects on
bone mineral density [66]. There are also no large stud-
ies with SERMs, and despite showing a beneficial effect
on T concentrations and lean body mass, unfortunately,
SERMs can reduce the secretion of insulin-like growth
factor-1 (IGF-1) and thus inhibit anabolism, increase
SHBG levels, and finally reduce T bioavailability [67].

Testosterone replacement therapy (TRT)

A lot of clinical trials have been conducted evaluating
the effect of TRT in obese men. The results of these
studies are often conflicting because the study groups
were not homogeneous, different definitions of hy-
pogonadism were used, and different T formulations
and doses were applied. Also, the participant recruit-
ment strategies and limited statistical power of most of
these studies make their interpretation difficult. Some
of these studies reported beneficial effects of T admin-
istration, but most were performed in men with dia-
betes or metabolic syndrome, and the main endpoints
were metabolic control of diabetes, fasting glucose,
lipids, HbA,_levels, and cardiovascular risk of TRT.
Meta-analyses of these studies suggested significant but
small beneficial effects on glucose metabolism, but BMI
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was not an inclusion criterion or major endpoint [68].
Many studies have shown the beneficial effects TRT on
body composition and insulin sensitivity in men with
low T and an unfavourable metabolic profile; however,
the most common changes are reduction in fat mass
(but more in subcutaneous than visceral depots), an in-
crease in lean mass, and improved insulin sensitivity.

The latest systematic review published in 2021,
based on 16 studies, assessed the impact of TRT in
obese men having low T levels, revealed that TRT led
to a 2-kg lean body mass gain and slightly improved
low-density lipoprotein (LDL). TRT was also effective
for waist circumference and BMI reduction; however,
large between-study heterogeneity was found, with
95% prediction intervals crossing the null effect line.
The mean age of participants significantly modified
the effect of TRT on weight loss [69].

FH should be diagnosed only after exclusion of
organic causes of hypogonadism and based on the pres-
ence of clinical symptoms or signs of T deficiency in
combination with consistently low morning serum
T concentrations. In addition to morning total T, LH
should also be measured in all patients with suspected
FH to differentiate between the primary and second-
ary causes. The latest recommendations published by
the European Academy of Andrology (EAA) recom-
mend against TRT as a treatment for weight reduction
in obese men [53]. The authors note that currently
randomized clinical trials specifically designed to study
the effects of TRT on weight reduction in obese men
are not available, and TRT improves body composition
without any change in total bodyweight or BMI. EAA
also recommend against TRT in men with FH who de-
sire fertility, because TRT suppresses gonadotrophins
and endogenous T secretion as well as spermatogen-
esis. The EAA recommends lifestyle changes, including
physical exercise and weight reduction, in overweight
and obese men with FH because weight loss may in-
crease T concentrations [53].

GLP-1 analogue treatment

GLP1 receptor agonists are linked to progressive
and sustained weight loss in subjects with obesity.
Animal models have demonstrated that GLP1 might
even have a direct impact on the HPT axis; however,
these observations have not yet been confirmed in men
[71]. Nevertheless, studies have been conducted to
evaluate the effects of liraglutide in obese men with
FH and poor response to lifestyle changes. In the first
preliminary study the effects of liraglutide (3 mg/daily)
on T levels were compared to those of TRT (1% T gel)
in a 16-week study with 15 obese men (aged 46.5 + 10.9
years, BMI 41.2 + 8.4 kg/m?). Liraglutide, but not TRT,
induced a 6% reduction in weight, and both treatments

improved sexual symptoms and significantly increased
T concentrations, although the increase was more
evident with T gel (5.9 vs. 2.6 nmol/L with liraglutide).
Liraglutide treatment resulted in a significant increase
in LH and FSH levels [11].

Because TRT is contraindicated in men with FH
who desire fertility, the effects of 4-month treatment
with liraglutide on reproductive and sexual function
in obese men with FH, who are of childbearing age,
was investigated in 110 men (age 18-35 years) [72].
Results of liraglutide treatment (3 mg daily) were
compared to gonadotropin treatment and TRT. Patients
treated with liraglutide showed significant improve-
ment in conventional sperm parameters and erectile
function compared to baseline and men treated with
gonadotropins, as well as had higher levels of T, LH,
FSH, and SHBG levels. TRT effectively improved
erections but significantly inhibited the release of LH
and FSH. This study showed the efficacy of a GLP1
analogue for the treatment of male patients with FH
who desire fertility. These results were confirmed in
a recent randomized controlled trial, which evaluated
the influence of GLP-1 analogue and exercise on se-
men parameters, which were previously increased by
diet-induced weight loss. A total of 56 men (18 to 65
years of age, and BMI between 32 and 43 kg/m?) were
included in the study and assigned to an initial 8-week
low-calorie diet (800 kcal/day) followed by 52 weeks of
GLP-1 analogue treatment. The men lost on average
16.5 kg body weight during the low-calorie diet, which
increased the sperm concentration 1.49-fold and sperm
count 1.41-fold. These improvements were maintained
for 52 weeks in men who maintained the weight loss,
and the effectiveness of GLP-1 analogues was similar to
that of exercising. The semen volume, sperm motility,
and motile sperm count did not change [73].

Conclusions

1. FHand fertility disorders are common consequences
of obesity in men.

2. ED is a common symptom in obese and especial-
ly hypogonadal men.

3. FH should be diagnosed only after exclusion of
organic causes of hypogonadism and based on
the presence of clinical symptoms or signs of T de-
ficiency in combination with consistently low morn-
ing serum T concentrations. In addition to morning
total T, LH should also be measured in all patients
with suspected FH, to differentiate between the pri-
mary and secondary causes.

4. Lifestyle changes, including physical exercise
and weight reduction, in obese men with FH are
recommended.
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5. TRTis contraindicated in obese men with FH, espe-
cially in those who desire fertility.

6. SERMs and Al are effective in improving sperm
quality, but their usefulness in the treatment of FH
is controversial and not supported by randomized
trials.

7. GLP-1 analogues appear to be effective and safe in
the treatment of FH and infertility in obese men,
but more randomized trials are needed.
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