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During the recent decades, we have witnessed fertility rates
dwindling worldwide, while metabolic diseases followed an
opposite tendency, with their prevalence dramatically increasing
[1-3]. Those trends are particularly marked in both developed
and under-development countries, where type 2 diabetes mellitus
(T2DM) and obesity are key players in the ever-increasingly
number of new metabolic disorder cases, fostered by overeating
and sedentarism [3, 4].
The previous premises, acting during the same time period,
arose the possibility of metabolic disorders and infertility were
somehow connected. In addition, a normal reproductive function
requires a significant quantity of energy, so it is highly influenced
by energy homeostasis [5, 6]. Furthermore, the prevalence of
reproductive dysfunction is significantly higher in people suffering
from metabolic diseases, particularly males. From all the infertility
cases documented worldwide, about a third account for male-only
factor. In fact, even a pre-diabetic state is enough to harm sperm
parameters [7]. However, the mechanisms underlying this link are
still controversial.
The most evident burdens of metabolic diseases on male
reproductive function are caused by complications on other
systems. Obese men experience more cases of erectile dysfunction
than lean males, due to cardiovascular co-morbidities. They can
also suffer coitus difficulties due to excessive pubic fat deposition,
which leads to other reproductive health risks, such as scrotal
heating, responsible for defects in spermatogenesis. T2DM
patients are also prone to erectile dysfunction and scrotal heating
due to vascular disease [8]. Nevertheless, the most severe and
persistent effects of metabolic disorders on male reproductive
function are linked to hormonal impairment.

The steroidogenic potential of adipocytes is a good example of
how a metabolic disorder, in this case obesity, is able to induce
hormonal problems, and consequently affect reproductive
function. Adipocytes have intense p450 aromatase, an enzyme
responsible to convert testosterone into 17β-oestradiol (E2).
Thus, obese men present higher E2 bloodstream concentration
and lower testosterone than lean men. This action results in two
immediate negative effects for male fertility: 1) Testosterone
depletion leads men towards an hypogonadal state, and 2) E2
secretion may exert negative feedback over pituitary gland and thus
disrupt the reproductive axis. The former, inhibits the release of
Gonadotrophin-Releasing Hormone (GnRH) and, consequently,
of the gonadotrophins Follicle Stimulatory-Hormone (FSH) and
Luteinizing Hormone (LH). LH stimulates testosterone release
from Leydig Cells, so ultimately reproductive axis disruption leads
to the formerly mentioned lower testosterone concentration.
Sertoli cells are crucial for spermatogenesis because they establish
the blood-testis barrier (BTB), one of the tightest blood-barriers
of our body [8]. Testosterone (and their precursors) and FSH
direct Sertoli cell metabolism towards a glycolytic profile, uptaking
more glucose, increasing lactate dehydrogenase (LDH) efficiency
and releasing more lactate and acetate into the seminiferous
tubule’s adluminal space [9, 10]. Lactate is one of the preferential
substrates for germ cell energy sources, besides presenting antiapoptotic effects on these germ line cells [11]. Oestrogens also
play an important role on seminiferous tubular fluid composition
and pH control, as they regulate the expression of several ionic
transporters in Sertoli cells [12-14]. Globally, oestrogens diminish
transcellular transport rate and increases Sertoli cell’s intracellular
pH [12].
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Unsurprisingly, gut hormones are major players linking metabolic
disorders and reproductive function. Insulin is produced
and released by pancreatic β-cells in response to high serum
glucose concentration, and promotes global glucose uptake and
metabolism. Testicular cells are not an exception. Insulin also
promotes the expression of glucose transporter family members
(GLUT), the glycolytic metabolism and lactate production by
Sertoli cells. In addition, type 1 diabetes mellitus (T1DM) patients
present lower expression of enzymes linked to glycolysis and
GLUTs in testis, and lower lactate concentration in the adluminal
compartment [15]. There is also in vitro evidence that those effects
are present in Sertoli cells and directly connected to insulin
deprivation [16].
Ghrelin is mainly secreted by the stomach in response to satiety.
Its serum levels are inversely proportional to the global nutritional
state. Ghrelin acts as a nutritional sensor for the pulsatile GnRH
release by hypothalamus. Since reproductive function requires
proper nutritional support [17] it is expected that ghrelin may be
important for male reproductive health. Extremely low (obesity)
and high (undernutrition) values of ghrelin inhibit GnRH pulses,
disrupting the hypothalamus-pituitary-reproductive axis [5, 18]
also suggesting a major role in male reproductive physiology.
Ghrelin is capable of inhibiting testicular steroidogenesis by
downregulation of upstream elements of the steroidogenic
pathway [5]. These effects are quite similar to those of leptin,
and the ghrelin-leptin axis is pictured as a mechanism to avoid
overeating [5]. Ghrelin also regulates insulin resistance in a dosedependent manner [17]. Higher ghrelin concentration is associated
to higher insulin resistance, which is correlated to Sertoli cell
metabolic shift towards glycogenesis [19, 20], in detriment of
glycolysis and lactate production for germ cells. That may result
in spermatogenesis arrest.
Leptin is another hormone linked to satiety, although it is mainly
expressed by adipocytes. Therefore, a higher adipose tissue mass
means higher leptin blood concentration, and obesity is associated
to the highest values. GLUT expression is upregulated by leanlike leptin concentrations in Sertoli cells, but not by obese-like
concentrations, although in both conditions acetate production
was inhibited and LDH activity increased [21]. This data suggests
a metabolic reroute towards β-oxidation using fatty acids as
preferred substrate. Notably, leptin is known to inhibit testicular
steroidogenesis by inhibiting the expression of enzymes needed
for the transport and the conversion of cholesterol into steroids
[5].
The burden of metabolic disorders on male reproductive
function is already being extensively characterized in bibliography.
Nonetheless, there is still a significant number of factors that
are poorly or not described at all. This subject has tremendous
research potential and knowledge about it is urgently needed, in
order to tackle the pandemic in infertility, by understanding some
of its causes, and particularly associated with metabolic disorders,
by describing the whole consequences of them.

Acknowledgements

http://scidoc.org/IJDVR.php

BQB/1368/2014); and UMIB (Pest-OE/SAU/UI0215/2014);
co-funded by FEDER funds through the POCI/COMPETE
2020.

References 					
[1]. Organization WH (2000) Obesity: preventing and managing the global epidemic. World Health Organization, Geneva.
[2]. Hamilton BE, SJ Ventura (2006) Fertility and abortion rates in the United
States, 1960–2002. Int j androl. 29(1): 34-45.
[3]. Shaw JE, RA Sicree, PZ Zimmet (2010) Global estimates of the prevalence
of diabetes for 2010 and 2030. Diabetes res clin pract. 87(1): 4-14.
[4]. Popkin BM, LS Adair, SW Ng (2012) Global nutrition transition and the
pandemic of obesity in developing countries. Nutr rev. 70(1): 3-21.
[5]. Alves MG, Jesus TT, Sousa M, Silva BM, Goldberg E, et al., (2016) Male
fertility and obesity: are ghrelin, leptin and glucagon-like peptide-1 pharmacologically relevant? Curr pharm des. 22(7): 783-791.
[6]. Sharpe RM (2010) Environmental/lifestyle effects on spermatogenesis.
Philos Trans R Soc Lond B Biol Sci. 365(1546): 1697-1712.
[7]. Rato L, Dias TR, Lopes G, Soccoro S, Alves MG, et al., (2013) High‐energy
diets may induce a pre‐diabetic state altering testicular glycolytic metabolic
profile and male reproductive parameters. Andrology. 1(3): 495-504.
[8]. Alves MG, Martins AD, Socorro S, Cavaco JE, Olivera PF (2013) Diabetes,
insulin-mediated glucose metabolism and Sertoli/blood-testis barrier function. Tissue barriers. 1(2): e23992.
[9]. Martins AD, Alves MG, Simoes VL, Dias TR, Rato L, et al., (2013) Control of Sertoli cell metabolism by sex steroid hormones is mediated through
modulation in glycolysis-related transporters and enzymes. Cell tissue res.
354(3): 861-868.
[10]. Dias TR, Alves MG, Almedia SP, Silva J, Barros A, et al., (2015) Dehydroepiandrosterone and 7-oxo-dehydroepiandrosterone in male reproductive
health: Implications of differential regulation of human Sertoli cells metabolic profile. J steroid biochemi molec biol. 154: 1-11.
[11]. Rato L, Alves MG, Socorro S, Duarte AL, Cavaco JE, et al., (2012) Metabolic regulation is important for spermatogenesis. Nat Rev Urol. 9(6): 330-8.
[12]. Bernardino RL, Costa AR, Martins AD, Silva J, Barros A, et al., (2016)
Estradiol modulates Na(+) ‐dependent HCO3(−) transporters altering intracellular pH and ion transport in human Sertoli cells: A role on male fertility?
Biol Cell. 108(7): 179-188.
[13]. Martins AD, Bernardino RL, Sousa M, Sa R, Alves MG, et al., (2014) Physiology of Na+/H+ Exchangers in the Male Reproductive Tract: Relevance for
Male Fertility. Biol reprod. 91(1): 11.
[14]. Bernardino RL, Jesus TT, Martins AD, Barros A, Alves MG, et al., (2013)
Molecular basis of bicarbonate membrane transport in the male reproductive
tract. Curr med chem. 20(32): 4037-4049.
[15]. Alves MG, Sousa M, Barros A, Silva J, Pinto S, et al., (2015) Metabolic
fingerprints in testicular biopsies from type 1 diabetic patients. Cell tissue
res. 362(2): 431-440.
[16]. Oliveira PF, Alves MG, Rato L, Silva J, Barros A, et al., (2012) Effect of
insulin deprivation on metabolism and metabolism-associated gene transcript levels of in vitro cultured human Sertoli cells. Biochim Biophys Acta.
1820(2): 84-89.
[17]. Martins AD, Sa R, Barros A, Alves MG, Sousa M, et al., (2016) Ghrelin
acts as energy status sensor of male reproduction by modulating Sertoli cells
glycolytic metabolism and mitochondrial bioenergetics. Mol cell endocrinol.
434: 199-209.
[18]. Martins AD, Sa R, MP Monterio, Barros A, Sousa M, et al., (2015) Ghrelin
modulates human Sertoli cells metabolism: relevance for male fertility. Febs
J. 282: 188-189.
[19]. Rato L, Alves MG, Santo MS, Duarte AI, Cavaco JE, et al., (2015) Testosterone deficiency induced by progressive stages of diabetes mellitus impairs
glucose metabolism and favors glycogenesis in mature rat Sertoli cells. int j
biochem cell biol. 66: 1-10.
[20]. Rato L, Meneses MJ, Silva BM, Sousa M, Alves MG, et al., (2016) New insights on hormones and factors that modulate Sertoli cell metabolism. Histol
histopathol. 31(5): 499-513.
[21]. Martins AD, Sa R, Sousa M, Silva BM, Alves MG, et al., (2015) Leptin
modulates human Sertoli cells acetate production and glycolytic profile: a
novel mechanism of obesity-induced male infertility? Biochimi Biophys
Acta. 1852(9): 1824-1832.

This work was supported by the Portuguese Foundation for
Science and Technology: M.G. Alves (IFCT2015 and PTDC/BIMMET/4712/2014); P.F. Oliveira (IFCT2015 and PTDC/BBBCrisóstomo L, Sousa M, Alves MG, Oliveira PF (2017) The Burden of Metabolic Diseases on Male Reproductive Health. Int J Diabetol Vasc Dis Res,. 5(1e), 1-2.

179

