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Abstract: Recombinant follicle-stimulating hormone (FSH) is commonly used for the treatment
of female infertility and is increasingly being used in males as well, as recommended by notable
guidelines. FSH is composed of an « subunit, shared with other hormones, and a § subunit, which
confers specificity of biological action by interacting with its surface receptor (FSHR), predominantly
located in granulosa and Sertoli cells. However, FSHRs also exist in extra-gonadal tissues, indicating
potential effects beyond male fertility. Emerging evidence suggests that FSH may have extra-gonadal
effects, including on bone metabolism, where it appears to stimulate bone resorption by binding to
specific receptors on osteoclasts. Additionally, higher FSH levels have been associated with worse
metabolic and cardiovascular outcomes, suggesting a possible impact on the cardiovascular system.
FSH has also been implicated in immune response modulation, as FSHRs are expressed on immune
cells and may influence inflammatory response. Furthermore, there is growing interest in the role
of FSH in prostate cancer progression. This paper aims to provide a comprehensive analysis of the
literature on the extra-gonadal effects of FSH in men, with a focus on the often-conflicting results
reported in this field. Despite the contradictory findings, the potential for future development in
this area is substantial, and further research is needed to elucidate the mechanisms underlying these
effects and their clinical implications.

Keywords: FSH; extra-gonadal; bone; cardiovascular system; immune system; metabolism; infertility;
prostate cancer

1. Introduction

Follicle-stimulating hormone (FSH) was first identified in 1930. This hormone plays
a central role in mammals’ reproduction, and its synthesis is regulated by gonadotropin-
releasing hormone (GnRH) pulsatile release, leading to the activation of the hypothalamic-
pituitary—gonadal (HPG) axis, first during mini-puberty (lasting, in boys, from the first to
the sixth/ninth month of life), and then in puberty [1].

FSH is a heterodimeric glycoprotein hormone made of two subunits (cx and 3), with a
molecular weight of 28-30 kDa, secreted by the anterior pituitary gland. Its structure is
shared with other glycoproteic hormones, including luteinizing hormone (LH), thyroid-
stimulating hormone (TSH) and human chorionic gonadotropin (hCG). The common o
subunit is coupled with the hormone-specific 3 subunits, and the presence of both is
required for biological activity. The FSH 3 subunit consists of 111 amino acids, conferring
specific biologic action and responsible for the interaction with the FSH receptor (FSHR) [2],
localized on the surface of target cells, e.g., on the testes and ovaries (granulosa and Sertoli
cells). The FSHR belongs to the family of G protein-coupled receptors, (GPCRs) involved
in various signaling pathways (i.e., cAMP/PKA, PKC/MAPK, and Ca+/CaMKII) [3-5].
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FSH plays a pivotal role in reproduction, stimulating antrum formation in secondary
follicles, as well as growth and maturation in antral follicles in females, whereas in males
FSH is responsible for testicular development and maintenance. In mature gonads, it
acts on Sertoli cells, spermatogonia, primary and secondary spermatocytes, and drives
spermatogenesis [6].

FSH preparations (urinary, purified, and recombinant) are widely used in the treatment
of female infertility, but increasingly it is being used to treat males with hypogonadotropic
hypogonadism or idiopathic infertility with inappropriately normal FSH levels.

According to the 2018 European Academy of Andrology (EAA) guidelines on oligo-
astheno-teratozoospermia (OAT), FSH treatment can be offered to selected men who are
normo-gonadotropic with idiopathic OAT, although with low evidence [7]. The Italian
Society of Andrology and Sexual Medicine (SIAMS) recently suggested the use of FSH
preparations to increase sperm concentration and motility in infertile normo-gonadotropic
men with idiopathic OAT, with moderate evidence grading [8], although this is limited by
the relatively high costs and off-label usage in some countries [9]. In hypogonadotropic
hypogonadism the use of FSH is more easily recommended [10]. Beyond the well-known
effects of FSH on male and female reproductive functions, and precisely because of its
increasing usage in the treatment of infertility, the attention has recently focused on the
extra-gonadal effects of FSH, along with the possible underlying mechanisms. Recent
studies, indeed, have found that FSH receptors also exist in extra-gonadal tissues, such as
immune cells (monocytes/macrophages and others) [11] and the vascular endothelium [12].
FSH could, therefore, be involved in other pathological and physiological processes, which
are still not completely understood.

Therefore, the aim of this review is to provide an overview of extra-gonadal and non-
canonical FSH effects in males, focusing on the main physiological and pathophysiological features.

2. Gonadal Effects of FSH

In males, FSH activates Sertoli cell proliferation, first during fetal development, then
during mini-puberty, and continuing at puberty, when it induces spermatogenesis, whilst
LH induces Leydig cells” steroidogenesis to produce androgens [13]. In adult life, FSH
acts through its receptors on Sertoli cells and germ cells up to the secondary spermatocyte
stage, promoting meiosis entry and limiting overall germ cell apoptosis. Testosterone (T) is
responsible for the later spermatogenesis stages, comprising spermiogenesis [14]. In this
regard, FSH and T independently regulate spermatogenesis in an additive, as well as a
synergistic, manner [15], with strong crosstalk with the somatotropic axis [16]: T activates
the androgen receptor (AR) in Sertoli cells to initiate the functional responses required for
spermatogenesis [17], whereas FSH stimulates Sertoli cells to produce signaling molecules
and nutrients to support sperm maturation [3,18]. Moreover, FSH is able to induce LH
receptor expression on Leydig cells, therefore influencing steroidogenesis as well [19].

3. Extra-Gonadal Effects of FSH

There are currently few studies in the male literature that evaluate the extragonadal
effects of FSH. On the other hand, there is increasing interest in considering hormones’
noncanonical effects on different organs and tissues [20]. A lot of evidence comes from animal
models and in vitro studies on blood from donors. Existing human clinical trials have been
performed primarily in the setting of hypogonadism. An ideal clinical model is represented
by patients with previous prostate cancer who underwent androgen deprivation therapy
(ADT). Commonly ADT makes use of the following three therapeutic possibilities: (1) GnRH-
antagonist (which causes a rapid decrease of FSH levels); (2) GnRH-agonist (responsible for
an initial increase of FSH followed by a gradual decrease; (3) bilateral orchiectomy (which
leads to very high FSH levels).

A limited number of papers have compared the cortices of patients with hypogo-
nadotropic and hypergonadotropic hypogonadism. Overall, results from in vivo clinical
trials in the setting of hypogonadism should be interpreted with caution due to possible



Pharmaceuticals 2023, 16, 813

30f13

Prostate

1 cell growth

Adipose tissue
and Metabolism

1 fat mass
| lean mass
1 cholesterol levels via:

Inhibition of UCP1

confounding of testosterone deficiency or (in the case of hypergonadotropic hypogonadism)
of coexisting high LH levels. Finally, a very limited number of randomized control trials
(RCTs) have analyzed the extragonadal effects of FSH as a primary outcome after FSH
treatment for male infertility.

Below, we summarize the main evidence divided by individual organs or systems. A
summary of the effects is provided in Figure 1.
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Figure 1. Extragonadal effects of FSH. Established and potential FSH effects on organs and systems.
Abbreviations: TNF (tumor necrosis factor), IL (interleukin), UCP (uncoupling protein), IFN (in-
terferon), RANK (Receptor activator of nuclear factor k B), RANKL (Receptor activator of nuclear
factor kappa-B ligand), FSH (follicle-stimulating hormone). Figures made under Creative Commons
License by using the Adobe Stock platform.

3.1. Bone

Estradiol is known to be the main hormone influencing bone remodeling. Therefore,
osteoporosis is conceptually associated with a reduction of estrogens’ action [21]. How-
ever, FSH correlates with diminished bone mineral density even years before a decline
in estradiol [21-23]. Data are still scarce; however, recent in vitro and preclinical stud-
ies have shown that FSH stimulates bone resorption by binding to its specific receptors
on osteoclasts [24].

In 2006, Sun et al. proved that FSH has a direct role in hypogonadal bone loss, by
regulating osteoclast activity in an estrogen-independent manner [25]. In fact, in genetic
mice models, either suppressing FSHR (FSHR /"~ mice) or its ligand (FSHB~/~ m ice), os-
teoclastogenic activity did not result in bone loss compared to eugonadal controls (FSHR*/*
and FSHB*/* mice), despite severe hypogonadism, while bone mineral density (BMD)
decreased in ovariectomized mice. Interestingly, eugonadal FSHf haploinsufficient mice
(FSHpR*/—, with reduced levels of FSH, but normal estrogen levels) showed increased
bone mass, suggesting a direct, estrogen-independent action of FSH on bone. In vivo and
ex vivo assays also suggested that FSH increases osteoclastogenesis and bone resorption
by binding a G;2«-protein, coupled to FSHR, on the osteoclasts’ surface, and activating
non-canonical signaling, different from that of the ovarian granulosa cells [25]. Similar
findings were obtained by blocking the binding of FSH to its receptor, which caused both a
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reduction in bone resorption and an increase in bone formation by influencing osteoclast
and osteoblast activities [26—29].

In an in vitro study using blood from male and female donors, high FSH concentrations
(>50 mIU/mL) were able to promote the development of osteoclasts from circulating
precursor cells CD14* by enhancing RANK-L binding to its receptor RANK, a member
of the tumor necrosis factor (TNF) receptor superfamily, which drives NF-kB production
and is critical to start osteoclast differentiation [11]. Moreover, FSH can also modulate the
synthesis of TNF-« [30], alongside interleukin (IL)-1p and IL-6 [31]. These proinflammatory
cytokines can stimulate synthesis and differentiation of osteoclasts and inhibit osteoblast
activity. Nevertheless, the existing literature in males is still poor and contradictory, and the
putative role of FSH as a direct modulator of skeletal physiology remains a matter of debate.
According to other findings on animals, no change in bone parameters was observed after
one month of intermittent or continuous FSH treatment to skeletally mature male mice,
suggesting that high levels of circulating FSH have no effect on bone metabolism in vivo.
In support of these results, FSH treatment did not potentiate the osteoclastogenic effect of
RANKL to promote osteoclast formation and activity in vitro [32].

Giovanelli and colleagues were the first to compare men with primary and secondary hy-
pogonadism to elucidate the role of FSH in male bone health. Patients with hypergonadotropic
hypogonadism showed lower lumbar spine BMD than patients with hypogonadotropic hypog-
onadism, particularly in trabecular bone, in keeping with what is observed in perimenopausal
women and, more generally, in high-turnover osteoporosis [33]. In fact, bone loss was worse
in patients affected by Klinefelter syndrome (KS), a condition of raised FSH levels, reflect-
ing the influence of long-term FSH excess, starting from puberty [33]. In line with these
findings neither T levels nor AR gene polymorphisms are associated with osteoporosis in
patients with KS [34], and testosterone replacement therapy (TRT) in hypogonadal KS men
has been shown to solely increase lumbar spine BMD, with no effects on the hip or on bone
quality measures, [35] crediting the hypothesis that FSH might play a role in bone health.
Furthermore, in a cross-sectional case-control study of 156 men, FSH levels were higher in
men with osteoporosis than in healthy controls, data confirmed by the negative correlation
between FSH and BMD both at the lumbar spine and femoral neck. More specifically, at
multivariate analysis, FSH resulted as a better predictor of bone mass than other gonadal
hormones in men [36].

Besides preclinical studies, an association between increased FSH values, increased bone
turnover and reduced BMD has been observed in peri- and post-menopausal women [37-39].
However, whether FSH has a direct effect on male bone mass is still highly controversial. A
long-term follow-up study including men with primary spermatogenic failure, showed
that prolonged exposure to high FSH levels has no impact on BMD [40]. Moreover, BMD
measured 15 years after the initial fertility assessment, was not different between men with
a history of infertility, due to spermatogenic failure, and the control group of men from
couples treated with in vitro fertilization (IVF) for female factor infertility. These results are
in line with an earlier study by the same research group, showing that BMD in men with
idiopathic infertility was similar to fertile men, despite the former group having higher
FSH levels than the controls [41]. Furthermore, in an RCT, the administration of GnRH
analogs to suppress FSH secretion for 16 weeks, alongside T replacement therapy (TRT),
did not affect bone turnover in men, suggesting that FSH does not appear to be a significant
regulator of bone in eugonadal men, at least in the short term [42]. However, it must be
considered that bone metabolism is normally very slow and that, therefore, the observation
time of the study may not have been sufficient to detect changes in bone density.

FSH may also be involved in determining adverse bone effects in the context of CFTR
mutation carriers, or in subjects affected by cystic fibrosis [43]. Indeed, CFTR drives FSH-
stimulated aromatase expression and activity though increased nuclear soluble adenylyl
cyclase activity, regulating estrogen production in humans [44]. As such, decreased CFTR
activity would possibly lead to reduced estrogen levels (possibly compensated by an
increase in FSH secretion), with consequent bone loss.
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3.2. Cardiovascular System

Consolidated studies have shown how cardiovascular (CV) risk is associated with low
estrogen levels in premenopausal women [45]. More recently, a direct role of FSH on CV
risk has been proposed. The Study of Women’s Health Across the Nation (SWAN) corre-
lated FSH levels’ trajectories with atherosclerosis development [46], finding that women
experiencing low FSH rise after menopause may be at lower risk of atherosclerosis than
those who experience either a medium or a high rise FSH over the transition. Munir et al.,
in the Assessment of the Transition of Hormonal Evaluation with Non-invasive imaging
of Atherosclerosis (ATHENA-CT) study, showed how FSH was directly associated with
the number of aortic plaques, using coronary CT angiography and carotid ultrasound [47].
Only a few studies investigated FSH-mediated effects in males. Animal models receiv-
ing androgen deprivation therapy (ADT) showed that the largest effects on metabolism,
in terms of adiposity and glucose tolerance, and atherosclerosis, were induced, respec-
tively, by orchiectomy, followed by GnRH-agonists and -antagonists, underlying a possible
association between FSH levels and the severity of the phenotype [48].

A more recent preclinical study demonstrated that in atherosclerotic mice with apolipopro-
tein E deficiency (ApoE~/~), exogenous FSH supplementation could accelerate atheroscle-
rosis progression, through macrophage activation, increasing the expression and secretion
of IL-1f3, and, therefore, worsening atherosclerotic lesions [49].

Clinical evidence from six prospective phase 3 RCTs found that patients with pre-
existing CV disease, treated with a GnRH antagonist, showed a significantly lower risk of
CV events or death compared to patients receiving a GnRH agonist, pointing to a possible
role on FSH in these results [50].

Hence, FSH seems to increase CV events, such as heart attacks and stroke, perhaps by
promoting unfavorable conditions including inflammation, atherosclerosis, insulin resistance,
adipocyte rearrangement and plaque instability [51]. However, some studies contradict these
results. Haring et al. found no consistent association of gonadotropin levels and their trajec-
tories with incident clinical CV or all-cause mortality risk in 254 elderly men [52]. Similarly,
Kourbanhoussen et al, assessing preoperative FSH levels in 492 men prior to prostatectomy,
found that these levels do not appear to be predictors of the long-term incidence of major
adverse CV events [53]. Additional research is needed to better understand the potential
role of FSH in contributing to CV risk.

3.3. Adipose Tissue

A growing body of evidence demonstrates a possible role of FSH in regulating lipid
metabolism, visceral adiposity, metabolic syndrome, and related diseases [54,55]. FSHRs
have been shown to be expressed in adipocytes [56]. FSH acts by upregulating FSHR
in adipocytes, which promotes increased fat accumulation [56,57]. Testing the effects
of a polyclonal FSH antibody on bone mass, Liu et al. observed a sharp reduction of
adipose tissue in treated wild type mice [58]. Moreover, FSH is able to induce the “beiging”
of white adipocytes, contributing to the uncoupling mechanism of thermogenesis (with
increased UCP1-rich beige-like adipose tissue) and leanness. Similar results were obtained
in haploinsufficient (FSHR*/~) mice [58]. FSH also increases adipocyte volume, playing a
role in visceral redistribution of body fat [57,58].

In 2020, Han et al. developed a FSH hormone—vaccine capable of preventing fat accu-
mulation in ovariectomized and intact male and female mice by suppressing adipogenic
signaling (PPARY) and upregulating thermogenesis (Ucpl) [59]. These results suggest
that FSH plays an independent role in the regulation of body composition. Specifically,
increased fat mass and waist circumference, and reduced lean mass, were associated with
higher FSH levels in some studies [37,60]. However, in other clinical trials, no correlation
between high FSH levels and body mass index (BMI) was observed in men, and, as such,
no definitive conclusion can be drawn on the precise role of FSH in influencing human
body composition [38,61,62].
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3.4. Metabolism

Following the evidence of a higher prevalence of hypercholesterolemia in 400 postmenopausal
women with high FSH levels [55], extragonadal FSH signaling was also investigated in
relation to its supposed effects on lipid biosynthesis. An epidemiological investigation
compared 153 pre-menopausal women to 124 peri-menopausal women and reported a
direct, estradiol-independent correlation between FSH and cholesterol levels. Moreover,
FSH administration in a peri-menopause mouse model resulted in increased cholesterol
levels, and the effect could be reverted by blocking FSH signaling with an anti-FSHf
antibody or by FSHR gene ablation, indicating a direct and independent influence of FSH
on hepatic cholesterol synthesis [63].

Considering the high prevalence of metabolic syndrome in hypogonadal men, the
role of ADT in promoting metabolic alterations has been investigated [64-66]. A recent
RCT by Ostergren et al. compared subjects who underwent bilateral orchiectomy, with
patients treated with GnRH-agonists, thus comparing a state of increased vs. decreased FSH
concentrations. Increased fat mass and visceral adipose tissue were found in both groups,
but they were significantly higher in the orchiectomy group. Although increased insulin
resistance and a worse lipid profile were observed in both groups, there were no differences
in blood glucose at baseline and after oral glucose tolerance testing (OGTT), and nor were
there any significant differences in fasting serum insulin levels and insulin resistance [67,68].
Furthermore, the mechanism underlying the development of impaired glucose metabolism
appeared to be related to the increased fat mass, rather than a direct effect [67]. It has also
been suggested that the FSH increase in pre-puberty could be associated with a higher
probability of developing metabolic syndrome and higher BMI during pubertal transition,
although previous findings do not support these conclusions [69,70]. Finally, the role of
FSH in the development of non-alcoholic fatty liver disease remains unknown, and the
results of the scientific literature are contradictory [39,71]. These data support the complex
mechanisms of FSH action involved in metabolism that deserve further study to explore
possible therapeutic applications.

3.5. Immune System

FSH appears to play a role in immune function and response. As previously reported,
FSHR is expressed on immune cells, particularly in monocytes [24]. It was, therefore, hy-
pothesized that FSH could influence the inflammatory response through the production of
some cytokines. Data are reported for interferon-y (IFN-y), IL-1§3 [31,72,73] and IL-6 secreted
from lipopolysaccharide (LPS) cultured monocytes [74]. A study on mice also described a role
of FSH in stimulating IL-6 production from Sertoli cells [75]. According to some studies on
CD4* T cell cultures, isolated from peripheral blood mononuclear cells (PBMCs) of healthy
donors, stimulation with FSH does not have pro-inflammatory effects [76,77].

In the only in vitro report on males with hypogonadotropic hypogonadism, go-
nadotropin incubation significantly attenuated the LPS-stimulated secretion of TNF-«x
and IL-1p3 by PBMCs [72].

Clinical studies are scanty and mainly focus on the female context of menopause. In
menopausal women, in fact, a different inflammatory structure has been described with in-
creased levels of proinflammatory cytokines, such as TNF-«, IL-6, IL-1f3 and IFN-y, in addition
to neutrophils and monocytes, potentially recruited to strengthen the regulation of the inflam-
matory reaction [78-80]. This inflammatory condition could be responsible for a lot of diseases
which increase in menopause, such as metabolic syndrome, type 2 diabetes, and CV disease [81],
and may depend on many factors, including hormones. However, it is not clear whether this is
related to estrogen deficiency or gonadotropin increase or both. FSH seems to play an important
role in menopause, a condition where its levels are directly correlated with the neutrophil-to-
lymphocyte ratio (NLR) [82], and monocyte chemoattractant protein-1 (MCP1) [83], TNF-
and IL-6 [84], and, inversely, with CD4" T-lymphocytes, B-lymphocytes and natural killer
(NK) cells [85], compared to control women. A positive correlation of FSH with proin-
flammatory cytokines, along with no association with percentage changes in estradiol and
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testosterone levels, is also reported in patients with rheumatoid arthritis (both male and
female), which could explain the worsening of symptoms in patients with increased FSH
(again, for example, during menopause) [86]. As far as the male population is concerned,
the literature is almost non-existent. An increased incidence of autoimmune diseases is
reported in subjects affected by KS [87-89]. However, whether the autoimmune activation
is secondary to the decreased testosterone levels per se, or the increased gonadotropin levels
is not yet fully understood. In a recent paper, the assessment of 121 newborns (58 males)
during mini-puberty was conducted. No correlation with inflammatory cells and cytokines
was found in boys, whereas in girls an inverse correlation of FSH levels with CD4* and
a direct correlation with CD8" lymphocytes was reported [90]. Corrales and colleagues
examined 16 hypogonadal males (6 hyper-, and 10 hypo-gonadotropic) vs. 18 controls. The
results showed an increase in CD16" dendritic cells in hypogonadal patients. An inverse
correlation between FSH and CD170" expression on T-reg cells was demonstrated in this
population, reflecting the occurrence of degranulation exerted during cell activation against
target cells and other antigenic and non-antigenic stimuli [91].

3.6. Prostate and Other Cancers

Increasing evidence has linked FSH in the development and progression of prostate
cancer, as well as in the development of castration-resistant prostate cancer. Indeed, preclinical
studies in chemically castrated mice suggest that FSH exerts a direct role on prostate cell
growth [92]. Moreover, the presence of FSH, LH and their respective receptors has been re-
ported in prostate cancer cells [93,94]. FSHR expression was found to be low-to-undetectable
in normal prostate tissue and in benign prostatic hyperplasia, and consistently high in prostate
cancer tissue [95]. Furthermore, FSHR may be relevant in prostate cancer progression, given its
dense expression at the periphery of tumors [95]. One small clinical trial investigated the use
of abarelix, a GnRH-antagonist, in prostate cancer patients who developed castration-resistant
disease following orchiectomy, allowing a reduction in FSH (<5 mIU/L), and the results sup-
ported the hypothesis that depleting FSH may have a therapeutic role in castration-resistant
prostate cancers. These data demonstrate that GnRH antagonists may have antineoplastic
activity beyond their testosterone-reducing properties [96,97].

Besides prostate adenocarcinomas, Radu et al. first described, in 2010, FSHR expres-
sion by endothelial cells in a wide range of tumors, including breast, colon, pancreas,
bladder, kidney, lung, liver, stomach, testis, and ovary [98], although these results have
been heavily criticized [99]. FSHR expression was also described among tumor metas-
tases arising from six different primary tumors (lung, breast, prostate, colon, kidney, and
leiomyosarcoma) suggesting a role in the migration and invasion of cancer cells [100].
FSHR-positive vessels could be the result of the tumoral neo-angiogenesis process, as
demonstrated by their presence in the normal tissue immediately adjacent to the tumor [98].
The molecular mechanism underlying FSHR-dependent tumor angiogenesis and vascular
remodeling could involve hypoxia-inducible factor 1« and the vascular endothelial growth
factor (VEGF) pathway, as observed in ovarian granulosa cells [98,101]. Furthermore, FSH
was shown to activate the Gq/11 protein [102], which, in turn, induces VEGFR-2 signaling
independently of VEGF [103].

Regarding testicular cancer, overexpression of FSHR has been observed in embryonal
carcinomas in comparison to seminomas, the latter showing absent FSHR expression.
Conversely, estrogen receptor 3 (ERf3) expression was absent in embryonal carcinoma
and present in seminoma. Altogether, ER( loss and higher FSHR expression have been
associated with an advanced testicular tumor stage [100,104].

4. Conclusions

In conclusion, the role of FSH in men extends beyond its traditional role in gonadal
function. Current data revealed that FSH has extra-gonadal effects in various tissues and
organs throughout the body, including the bones, adipose tissue, CV and immune systems.
FSH extra-gonadal effects have significant implications for male health and well-being.
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The literature reviewed in this paper highlights that FSH, previously considered solely a
gonadal hormone, has important physiological and pathophysiological effects beyond its
role in spermatogenesis in men. The presence of FSHRs in extra-gonadal tissues suggests
that FSH in men may play a regulatory role in functions such as bone metabolism, the
reduction of BMD, adipose tissue metabolism, and deposition and r health which increase
CV events. Doubts remain about its pro-inflammatory function and increase in cholesterol
levels. However, the mechanisms underlying these extra-gonadal effects of FSH are still
not fully understood. Furthermore, specifically designed trials are needed to dissect the
consequences of altered sex steroid levels (e.g., in hypogonadism) from those arising from
increased (or decreased) FSH levels on similarly affected target organs, and to better clarify
the impact on, for example, the GH/IGF-1 axis.

Although partly conflicting, due to technical and methodological issues, the results
from the aforementioned in vitro and in vivo studies open up the possibility of future novel
therapeutic strategies for the treatment of some of the most frequent and invalidating
chronic diseases, including osteoporosis, obesity, dyslipidemia and cardiovascular disor-
ders. Further research in this field may uncover novel therapeutic targets and interventions
for these conditions and shed light on the complex interplay between FSH and extra-
gonadal tissues. On the other hand, these results focus attention on potential side effects
during FSH treatment in infertile males. As a matter of fact, the aforementioned studies
also highlight hypothetical adverse events during FSH therapy in infertile males. Although,
for males, a low dosage is commonly used (75-150 Ul three times a week), compared to
the more common ovarian stimulation protocols, treatments are usually performed for a
long time before achieving satisfactory results on spermatogenesis. Therefore, larger RCTs
intended to investigate the potential effects of the course of therapy with FSH are needed.

In conclusion, the expanding knowledge of the extra-gonadal effects of FSH in men
underscores the importance of considering FSH as a multifunctional hormone with broader
physiological significance beyond its role in gonadal function. Therefore, future, and more
specific, research is needed to unravel the intricacies of FSH actions in different tissues
in order to understand whether stimulation and/or blocking of the receptors may have
therapeutic potential and also to investigate any adverse events in infertile males to ensure
the therapy is administered safely.
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