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To date, the key role of vitamin D in male reproductive system has been suggested, since the expression of vitamin D recep-
tors and metabolizing enzymes was demonstrated in the testis and spermatozoa. Nevertheless, a general consensus about
the role of vitamin D in male fertility is still debated. The aim of this review is to provide an updated systematic revision of
the current available literature, discussing the experimental and clinical evidence on the role of vitamin D in the regulation
of testis hormone production, seminal parameters and male fertility. The consequences of vitamin D deficiency on serum
levels of testicular hormones have been analysed by several observational and interventional studies, with controversial re-
sults. Equally, the experimental researches not were able to state a certain relationship between vitamin D status and testis
hormone production. Possible bias, including age, body mass index, and baseline vitamin D status justified the differences
among studies. As well as concerning the effect of vitamin D on semen parameters, most of the studies agreed in the possi-
bility that vitamin D might have a positive effect on human male fertility potential, particularly through better sperm motility.
Regarding pregnancy outcomes, normal level of vitamin D seems to be related to better pregnancies. However, all the previ-
ous studies displayed a wide heterogeneity in study design, population, methodology, and cut off values used for the evalu-
ation of vitamin D status. Future studies are needed to better clarify the exact role of vitamin D on hormonal and seminal
panel in both fertile and infertile men.
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INTRODUCTION

1. Background

In recent years, vitamin D has been considered an
interesting subject of study due to its pleiotropic role,
including autocrine, paracrine and endocrine function
on several target organs and systems. The main activ-
ity of this molecule, belonging to secosteroids group, is

the regulation of calcium and phosphorus homeostasis,
promoting bone mineralization [1]. The principal target
organs of vitamin D are intestine, skeletal system, kid-
neys, and parathyroid glands [2]. Thus, vitamin D plays
multiple biological effects on each one of these organs.
However, recent studies have extended the spectrum
of vitamin D target organs, including the adipose tis-
sue, thyroid, immune system, pancreas, cardiovascular
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system, central nervous system, and the reproductive
system as well. Vitamin D deficiency (VDD) is an im-
portant risk factor not only for hyperparathyroidism,
rickets, and osteomalacia, but also for further clinical
conditions, such as obesity, thyroid dysfunction, auto-
immune diseases, diabetes mellitus (DM), cardiovascu-
lar diseases, dementia, and cancer [3-6].

The two most biologically relevant members of the
vitamin D group are ergocalciferol (vitamin D2) and
cholecalciferol (vitamin D3). The inactive form of vita-
min D3 partially derives from dietary sources, but it is
mainly synthesized by the skin with a subsequent two
step activation requiring first a hepatic enzyme, result-
ing in 25-hydroxy-vitamin D3 which is the substrate of
a renal enzyme, producing 1-a,25-dihydroxy-vitamin D3,
the final active form of vitamin D3. A specific 24-hy-
droxylase enzyme expressed in the kidney and in dif-
ferent target organs is responsible for the inactivation
of all forms of vitamin D3. Vitamin D plays its various
biological effects through the binding and activation of
vitamin D receptors (VDR).

To date, the key role of vitamin D in male reproduc-
tive system has been suggested, since the expression of
VDR and vitamin D metabolizing enzymes was demon-
strated in the testis and spermatozoa. Hypovitaminosis
D has a negative impact on semen and hormone func-
tion, either in animals or in humans [7].

Nevertheless, a general consensus about the role of
vitamin D in male fertility is still debated.

The aim of this review is to provide an updated sys-
tematic revision of the current available literature,
analyzing the experimental and clinical evidence sup-
porting the role for vitamin D in the regulation of
testis hormone production, seminal parameters, and
consequently male fertility.

2. Vitamin D synthesis and metabolism
Vitamin D3, also known as cholecalciferol, is gener-
ated by the activation of a cholesterol precursor in the
skin, as the inactive form of vitamin D, due to ultra-
violet B radiations [8]. Approximately, 80% to 90% of
vitamin D3 derives from sunlight-induced production
in the skin, while a small quantity is resultant from
diet and supplements. Two distinctive enzymes play a
key role in this process. Firstly, the microsomal enzyme
25-hydroxylase, located in liver, is responsible of the
formation of 25-hydroxy-cholecalciferol (25-hydroxy
vitamin D3), by the precursor cholecalciferol released
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from the skin to the blood and transported by the vi-
tamin D-binding protein. This one is used to determine
the patient’s vitamin D status. Serum vitamin D levels
above 30 ng/mL are considered sufficient, from 20 to
29 ng/mL insufficient and deficient under 20 ng/mL
[1]. Secondly, in the kidney, the enzyme 1-a-hydroxylase
leads to the formation of 1a,25-dihydroxy-cholecalciferol
(1a,25-dihydroxy vitamin D3), known as the biologically
active form of vitamin D [9,10]. Moreover, the complete
series of circulating vitamin D forms is deactivated
by the enzyme 24-hydroxylase, which works both in
the kidney and in several target organs [11]. Biologi-
cal actions of vitamin D are mediated through the
VDR. The expression of VDR can be found in various
organs, including bones, parathyroid glands, as well as
reproductive organs [1]. Vitamin D binds to the nuclear
VDR, which then heterodimerizes with the retinoid X
receptor (RXR). This in turn binds to the vitamin D
responsive element located in the promoter regions of
the target genes [12]. This genomic pathway leading to
changes in gene transcription takes hours to days [13].
A different pathway is the interaction between a cell
surface receptor and second messengers, leading to a
more rapid response taking seconds to minutes [1,13].

Mainly, the metabolism of vitamin D is regulated
by parathyroid hormone (PTH), produced by parathy-
roid glands, and fibroblast growth factor 23 (FGF23),
synthesized by osteoblasts and osteoclasts. A decreased
level of circulating calcium and 25-hydroxy-vitamin D3
causes an increase of PTH secretion, that encourages
l-a-hydroxylase and inhibits 24-hydroxylase expres-
sion in the kidney, leading to a higher level of vitamin
D and calcium. Otherwise, the feedback is completed
when the increased levels of vitamin D and calcium
suppress PTH release, blocking 1-a-hydroxylase and
stimulating 24-hydroxylase [14]. Furthermore, increased
levels of phosphorus and 25-hydroxy-vitamin D3, in-
hibit 1-a-hydroxylase and stimulate 24-hydroxylase,
resulting in a reduction of vitamin D levels; to close
the feedback loop, when vitamin D and phosphorus
decrease, FGF23 is inhibited, generating a consequent
increase in vitamin D levels [15].

3. Vitamin D role

The complex regulation of vitamin D metabolism is
fundamental for the maintaining of a proper calcium-
phosphorus homeostasis. In fact, vitamin D supports
calcium and phosphorus absorption in the intestine,
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calcium reabsorption and phosphorus excretion in
the kidney, and modulates the balance between bone
formation and resorption in strict dependence of the
circulating calcium level [16]. In addition to bone me-
tabolism regulation, VDR is involved in other complex
functions. VDR is present in the arterial endothelium
and smooth muscle cells, pancreatic B cells, monocytes,
keratinocytes, and neurons [17,18]. This receptor ap-
pears to be an important factor in the regulation of au-
toimmunity through different mechanisms: the induc-
tion of cathelicidin and the repression of interleukin-17
(IL-17), IL-2, and IL-12 expression, reducing inflamma-
tion and the risk to develop an autoimmune disease,
such as type 1 DM, multiple sclerosis and rheumatoid
arthritis [18,19]. It seems that VDR regulates some
genes expression, controlling cell differentiation and
apoptosis, such as P53 and P21. Moreover, some authors
showed that VDR controls glucose metabolism and can
reduce the risk of cardiovascular disease by lowering
homocysteine levels and inducing FOXO03, an impor-
tant molecule in the prevention of oxidative stress [20].
Nevertheless, vitamin D has been recently investigated
for its role in male and female fertility.

MATERIALS AND METHODS

A systematic review of English-language literature
was performed until December 2018 in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA statement) criteria [21].
The Medline, Scopus, Web of Science, and PubMed
databases were screened separately by two different
authors using a single query in order to identify all
the relevant studies describing the possible association
between vitamin D and male fertility. The authors
screened all the articles indexed in the aforementioned
databases using the following query: ((vitamin d) OR
cholecalciferol) AND male fertility. Randomized clini-
cal trials, retrospective, prospective, observational and
comparative studies on humans were included, while
case reports, commentaries/letters to the editor and
reviews were excluded. According to the predefined in-
clusion and exclusion criteria, title and abstracts were
screened and articles categorized. After reading the
abstract, a more thorough assessment was performed
by analyzing the papers full text. The references from
the included studies were also searched manually to
identify additional studies of interest. An excel file
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was built including data from the selected articles
and including number of participants, interventions,
comparators, outcomes, and study design, as indicated
by the Systematic Review Guidance of the Centre for
Reviews and Dissemination of the University of York
(UK) [Centre for Reviews and Dissemination. Guidance
for undertaking reviews in health care; www.york.
ac.uk/crd/guidance]. The flowchart depicting the entire
review process is shown in Fig. 1.

RESULTS AND DISCUSSION

1. Vitamin D and male fertility
VDR and the enzymes that metabolize vitamin D

are concomitantly expressed in Sertoli cells, germ cells,
Leyding cells, spermatozoa and in the epithelial cells
lining the male reproductive tract. The presence of
vitamin D metabolizing enzymes suggests that the re-
productive organs can modulate the local vitamin D re-
sponse 1n animals and humans. The testicular somatic
or germ cells seem to be able to synthesize and degrade
vitamin D locally, independently from systemic vita-
min D metabolism. Moreover, the VDR expression in
the testis suggests that vitamin D might exert an au-
tocrine and paracrine action, possibly displaying a role
in the regulation of the testis function, therefore influ-
encing male infertility.

1) Vitamin D receptors and vitamin D
metabolizing enzymes expression

The expression of VDR and vitamin D metaboliz-
ing enzymes in the male reproductive system has been
widely analysed in animals and human studies. VDR
protein was found in prostate, seminal vesicles, epidid-
ymis, as well as in germ cells, particularly in spermato-
gonia, spermatocytes and Sertoli cells [22]. The VDR
protein expression was found in animal spermatozoa,
but it was suppressed in the tail of epididymis [23]. In
the same context, testicular testosterone synthesis en-
zymes appeared down-regulated in VDD diet-fed mice
[24]. Otherwise, the expression of VDR protein in Leyd-
ing cells is debated in literature [25].

In human spermatozoa, by using reverse transcrip-
tion polymerase chain reaction, VDR showed a het-
erogeneous pattern of localization, consisting in post-
acrosome region, neck and or mid-piece [26].

On the other hand, the expression of RXR was dem-
onstrated in rat testis [27] in the developing or adult
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animals. RXRa protein was detected in Leyding cells,
Sertoli cells, and germ cells. RXRp protein was found
in Sertoli cells with increasing amount during Sertoli
cell maturation [2829]. RXRy protein was discovered
in Sertoli cells, Leyding cells, spermatogonia, sper-
matocytes, and spermatids [28-30]. Unfortunately, no
studies analysed the expression of RXR in humans.
Concerning to the vitamin D metabolizing enzymes,
few animal studies focused on this topic were found.
25-hydroxylase and lo-hydroxylase messengers were
found in animal testis, while lo-hydroxylase protein
was detected in prostate, seminal vesicles, epididymis,
germ cells, Sertoli cells, and Leyding cells [23,31,32].
Similarly, few studies were conducted in human male
reproductive system. In spermatozoa, there was found
25-hydroxylase predominantly in post-acrosome region,
neck and tail and la-hydroxylase in in post-acrosome
region, neck and mid-piece. The 24-hydroxylase and
25-hydroxylase messengers and proteins were localized
in prostate, seminal vesicles, epididymis and testis [26].

Fig. 1. Flow chart of the identified study.

2) Role of parathyroid hormone and fibroblast

growth factor 23

Some previous human observational studies, who
investigated the negative effect of orchiectomy or tes-
ticular dysfunction on circulating levels of 25-hydroxy-
vitamin D3, proposed a possible vitamin D synthesis in
the testis. An experimental study conducted in animals
showed that mouse Leyding cells are able to secrete
25-hydroxy-vitamin D3, also induced by human chori-
onic gonadotropin (hCG) [33]. To support this theory, a
subsequent study demonstrated that hCG therapy in
men suffering from late-onset hypogonadism could im-
prove significantly the levels of circulating 25-hydroxy-
vitamin D3 [34]. Another observational study stated
the ability of germ cells to contribute to testis vitamin
D synthesis, since in patients with severely damaged
spermatogenesis or with a diagnosis of Sertoli-cell-only-
syndrome, the level of circulating 25-hydroxy-vitamin
D3 was significantly lower [35]. In this scenario, testis
regulatory mechanisms could play a key role, includ-
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ing FGF23 and PTH-related molecules. FGF23 seems
to modulate la-hydroxylase expression and thus vita-
min D metabolism, as suggested by one study in which
la-hydroxylase expression was significantly higher in
FGF23-null mice, compared to wild-type animals [36].
To effort this theory an experimental research showed
that the treatment with Kloto protein, a specific cofac-
tor essential for the activation of FGF23, consistently
inhibited la-hydroxylase messenger expression in
mouse Sertoli cells [37]. PTH-related molecules, such
as PTH-related peptide (PTH-rP) have been detected
in Leyding cells and germ cells in animals [38,39]. In
humans these issues were not largely investigated.
Indeed, FGF23 receptor expression has been found in
germ cells [40], while PTH-rP was detect in Leyding
cells [41], suggesting that these pathways might regu-
late vitamin D metabolism. In summary, the specific
role of FGF23 and PTH-rP in vitamin D metabolism
regulation has not been finally defined. Nevertheless,
in humans, it was highlighted that circulating 25-hy-
droxy-vitamin D3 did not correlate with 24-hydroxylase
expression in spermatozoa from healthy and infertile
men [42], suggesting that locally produced vitamin D,
rather than circulating vitamin D, might be involved
in the local regulation of testis vitamin D metabolism.

2. Vitamin D and testicular function

The impact of vitamin D on male fertility proved to
be dependent by the consequences on testis function.
Testicular activity comprises two related processes:
hormone production and spermatogenesis, which, con-
tribute to male reproductive potential. Hormone pro-
duction by the testis calls for both somatic and germ
cells, and it is essential for a proper spermatogenesis
[43]. The main hormones produced by the testis in-
clude testosterone, estradiol, anti-mullerian hormone
(AMH), inhibin-B (INH-B), and insulin-like 3 (INSL3).
Spermatogenesis process comprises spermatogonia
proliferation and differentiation in to spermatocytes,
spermatidogenesis, spermiogenesis, including the steps
of maturation and differentiation of spermatids in
mature spermatozoa, and spermiation, consisting in the
release of mature spermatozoa into the lumen of the
seminiferous tubules. It is widely demonstrated that
paracrine and autocrine actions of intratesticular hor-
mones play a key role in the regulation of spermato-
genesis. Testosterone regulates spermatidogenesis and
spermiation, performed within the testis, by actions on
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Sertoli cells. The precise role of estradiol in spermato-
genesis 1s still a matter of debate, although it is well
known that proper spermatogenesis requires a complex
balance between testosterone and estradiol concentra-
tions [44]. The possible role of AMH, INH-B, and INSL3
in local regulation of spermatogenesis in adult has not
been yet clearly demonstrated [31].

1) Effects on hormone production in animals

The role of vitamin D on testosterone production has
been demonstrated by in vitro, ex vivo, and in vivo stud-
1es. A first in vivo study highlighted the positive as-
sociation between lower circulating testosterone levels
and hypovitaminosis D in rats [45].

However, it is difficult to establish the precise
mechanism in the hormonal regulation of testosterone
production. The theory that, in animals, testosterone
secretion might be regulated by changes in the in-
tracellular calcium homeostasis in Leyding cells was
supported by some authors. For example, osteocalcin, a
hormone involved in bone metabolism and produced by
osteoblasts, was suggested to be a mediator of testoster-
one production as a consequence of vitamin D effect [46].
About this, previous studies stated that circulating tes-
tosterone levels in a murine model were significantly
decreased in the osteocalcin loss-of-function group and
increased in the osteocalcin gain-of-function group [47].
Moreover, an interventional study involving vitamin
D-depleted and vitamin D-replaced chickens showed
that, although circulating levels of testosterone were
similar among groups, the expression of calbindin-
D, a calcium-binding protein that regulates calcium
homeostasis, was significantly reduced in vitamin D-
depleted animals [48]. Regarding about the role of vita-
min D on estradiol production, previous in vivo studies
reported that in a VDR-null mouse, both aromatase
expression and activity in the testis were significantly
reduced, while serum estradiol level underwent a slow
decrease [49]. Moreover, others authors stated that
vitamin D exerts a non-specific effect on intracellular
calcium homeostasis, inducing a calcium uptake in the
testis via the activation of non-genomic pathways [22].
In summary, vitamin D seems to be able to influence
testosterone synthesis indirectly, by a genomic vitamin
D-induced expression of osteocalcin, and directly by
the expression of calbindin-D,g. Moreover, the effects
on estradiol synthesis seems to be related to the direct
genomic and non-genomic vitamin D-induced aroma-
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tase expression in the testis. Lastly, vitamin D does not
seem to be implicated in the regulation of AMH, INH-
B, and INSL3 production.

2) Effects on seminal parameters in animals

Several in vivo studies in animal models analysed the
role of vitamin D status on semen quality and fertil-
ity (Table 1). One of the most outdated studies showed
no effect of a VDD on the reproductive performance
of cockerels in terms of body weight gains, feed intake,
seminal criteria (semen volume, packed sperm volume,
methylene blue reduction time), and duration of fertil-
ity and hatchability [50].

Successful mating, understood as the presence of
sperm in the vaginal tract, in vitamin D deficient
males was reduced by 45% when compared to vitamin
D replete males. Equally, fertility and pregnancy rate
resulted significantly decreased in vitamin D-depleted
rats [51]. To strengthen the idea that hypovitaminosis
D could be partially related to an injury of calcium
homeostasis, several studies stablished the relation-
ship between decreased calcium levels and faulty male
reproductive system [52]. In this setting, vitamin D and
1,25-dihydroxycholecalciferol seemed to act on classic
target tissues and regulate levels of calcium in repro-
ductive tissues, influencing mating, fertility, and preg-
nancy ratio [52].

In a murine model with a targeted deletion of 25-hy-
droxyvitamin D la-hydroxylase, resulting in reduced
serum calcium concentrations, it was found an increase
of histological anomalies in the testis. Indeed, an hypo-
calcemic and hypophosphatemic male had hypergonad-
otropic hypogonadism, with down-regulation of testicu-

Table 1. Effects on seminal parameters in animals
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lar calcium channels, lower intracellular calcium levels,
decreased sperm count and motility, and histological
abnormalities of the testes. Furthermore, when serum
calcium and phosphorus were normalized by the rescue
diet, spermatogenesis and semen quality improved con-
siderably [53].

Sood et al [54] investigated the impact of vitamin
D depletion on the spermatogenesis process, showing
lower levels of testicular glutamyl transpeptidase ac-
tivity, as index of Sertoli cell function in vitamin D-
deficient rats. The histological analysis of the testis in
case of hypovitaminosis showed a significant decline
of Leyding cells with degenerative changes in the ger-
minal epithelium. These remarks confirmed the effect
of vitamin D on testicular function, and indirectly on
male infertility. A subsequent interventional study,
involving the administration of three different doses
of vitamin D intramuscularly, demonstrated that the
injection of lower doses of vitamin D on the 120th day
of age improved testicular function compared to ad-
ministration of high doses [55]. This occurs as a result
of the deleterious effects of hypervitaminosis D on
spermatogenesis, on the basis that hypercalcemia could
affect cytoplasmic activity at the mitochondrial level
[66]. This finding leads to highlight the importance of
an optimal dose of vitamin D in the correction of male
infertility. Unfortunately, no other study has investi-
gated what is the most appropriate dose of serum vi-
tamin D circulating, better related to fertility panel in
the normal range.

Only one study assessed the role of vitamin D in the
regulation of estrogen synthesis in male gonads.

The study showed that, in a VDR null mutant male

First author . Sperm Sperm Sperm Mating Fertility Pregnancy

(year) Species count motility morphology ratio ratio ratio
Merino (2019) [57] Rat NA + NA = = =
Merino (2018) [58] Rat NA NA NA NA + NA
Fu (2017) [24] Mouse + NA NA = + =
Sun (2015) [53] Mouse + + NA NA NA NA
Kinuta (2000) [49] Mouse + + NA NA NA NA
Sood (1995) [55] Rat + NA NA NA NA NA
Uhland (1992) [52] Rat NA NA NA + + +
Sood (1992) [54] Rat + NA NA NA NA NA
Kwiecinski (1989) [51] Rat NA NA NA + + +
Lillie (1973) [50] Bird NA NA NA NA = =

NA: not assessed, +: significant positive association, =: no correlation.
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mice, sperm count and motility were decreased, while
testicular histological abnormalities were also found.
However, the supplementation with estradiol normal-
ized the histological abnormalities in the male gonads,
calcium supplementation increased aromatase activity
and partially corrected the hypogonadism [51].

Interestingly, testicular weight and the number of
spermatozoa in the cauda epididymis are significantly
decreased, testicular germ cell proliferation is sup-
pressed, and the percentage of mature seminiferous tu-
bules is decreased in a VDD diet-fed mice [24]. Regard-
ing reproductive outcomes, VDD had little effect on
mating index, whereas fertility index was reduced in
VDD-fed male offsprings. Moreover, there was a down-
stream trend on the numbers of implantation sites
per litter when both males and females were fed with
VDD diet in early life. Moreover, although there was
no significant difference on the numbers of resorptions
per litter and dead fetuses, the number of live fetuses
was significantly reduced when both males and fe-
males were fed with VDD diet in early life [24].

To date, more recent studies demonstrated fat-by-
vitamin D interaction effects on sperm motility and
mitochondrial membrane potential, using the cationic
reagent, JC-1 solution. However, fertilizing capacity re-
sulted greater in animals receiving a control diet, rath-
er than in animals receiving high-fat diet, suggesting
that the high-fat diet and VDD contribute to decrease
the sperm quality and consequently could decrease the
fertilizing capacity [57].

Also DNA fragmentation increased significantly in
the spermatozoa of animals with vitamin D deficient
diet and diet-induced obesity. In doing so, the DNA
damage observed could explain the low fertility poten-
tial in obese/vitamin D deficient males [58].

3) Effects on hormone production in humans

The consequences of VDD on serum levels of testicu-
lar hormones have been analysed by several studies,
with controversial results. Furthermore, possible bias,
including age, body mass index, and baseline vitamin
D status justified the differences among studies. Most
of the observational studies demonstrated that serum
level of 25-hydroxy-vitamin D3 was not related to cir-
culating concentrations of total or free testosterone [59-
66], with one study exception [67]. Furthermore, some
of these studies revealed a significantly relationship
between 25-hydroxy-vitamin D3 and sex hormone-
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binding globulin (SHBG) [569-61,65]. In this setting,
hypovitaminosis D could influence indirectly the hor-
monal panel, modulating the bioavailable fraction of
testosterone. Otherwise, one study that evaluated the
male partners from infertile couples, could not estab-
lish a relationship between circulating 25-hydroxy-
vitamin D3 and, both, total and free testosterone, and
SHBG [68]. Also looking for elderly patients, the results
in literature are contentious. Indeed, some studies not
showed a relationship between circulating 25-hydroxy-
vitamin D3 and total testosterone, free testosterone or
SHBG [69-71], while others stated a positive association
with total or free testosterone [72-77]. Furthermore, one
study claimed a negative association with free testos-
terone [77], while two studies reported a relationship
with SHBG [73,77].

A recent randomized clinical trial showed that SHBG
levels and testosterone/estradiol ratios were 15% and
14% lower, respectively, while free testosterone and
estradiol ratios were 6 and 13% higher, respectively, in
men with 25-OHD <25 nmol/L. Men with lower Ca*
levels had a low inhibin B/FSH ratio but a lower tes-
tosterone/estradiol ratio [78].

However, the reason why there is a strong debate on
this topic is probably that age-related comorbidities, in-
cluding endocrinology and cardiovascular pathologies,
can independently influence vitamin D assessment and
circulating testosterone levels. To date, there is not suf-
ficient data to establish a certain relationship between
vitamin D status and testosterone levels.

Moreover, also the studies that focused on patients
with hypogonadism have shown controversial results.
Some of them reported that men with hypogonadism
had significantly lower circulating 25-hydroxy-vitamin
D3 compared to normogonadal men [69,73], others did
not find an association between hypogonadism and
hypovitaminosis D [75,77]. Interestingly, one study
claimed a positive association between hypogonadism
and higher vitamin D levels [68].

A general consensus on this subject was not even
reached by the interventional studies. The results ap-
peared extremely variable and dependent by the term
of vitamin D supplementation. A very short-term (4
days) and a short-term (3 months) supplementations
weren’t capable to influence circulating levels of total
testosterone [79,80]. Otherwise, the long-term supple-
mentation (12 months) with vitamin D2 and vitamin
D3 in different-age mens’ groups can generate a signif-
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icant increase in total testosterone [81] or free testoster-
one and SHBG [82] or no changes [83]. The only study
that involves a very long-term supplementation in 24
months couldn’t assessed any relation [84]. The precise
molecular mechanism that links vitamin D to testos-
terone production is still unknown. One in vitro study
demonstrated that vitamin D replacement in primary
culture of Leyding cells, significantly stimulated the
messenger expression of enzymes involved in testoster-
one synthesis [85]. Moreover, some authors suggested
the hypothesis that vitamin D genomic stimulation
of osteocalcin expression might have a central role in
regulating testosterone production by the testis [86].

Regarding a possible relationship between hypovita-
minosis D and levels of estradiol, most of the previous
studies showed no association [60-64], one study report-
ed a positive connection [72], and one study in young
infertile men a negative association [78].

4) Effects on seminal parameters in humans

Several studies in humans analysed the consequenc-
es of hypovitaminosis D on seminal panel and fertility.
Most of them were clinical observational studies that
assessed the correlation between vitamin D status and
semen quality and/or spermatogenesis. A summary of
clinical observational and interventional studies, in hu-
mans, is showed in Table 2.

Table 2. Effects on seminal parameters in humans
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However, the main findings of these studies seem
controversial for some seminal parameters, although
they agreed in the possibility that vitamin D might
have a positive effect on human male fertility poten-
tial.

Many authors found a consistent positive association
between circulating 25-hydroxy-viamin D3 levels and
total sperm motility and/or progressive motility, total
sperm count, and normal morphology [66,37-89].

Some studies showed that VDD might damage on
sperm motility, suggesting that circulating 25-hydroxy-
vitamin D3 has a key role in modulating sperm motil-
ity [6,62,66,78,87,88,90-93]. A recent prospective observa-
tional study showed that vitamin D deficient men had
significantly lower total and progressive sperm motil-
ity and total number of motile spermatozoa, concluding
that VDD and ionized calcium may influence sex ste-
roid bioavailability and semen quality in infertile men
[78].

Otherwise, the correlation between vitamin D status
and sperm count and morphology is highly controver-
sial. Indeed, vitamin D was reported to be unrelated
[62,89,90,92-94] or positively associated to sperm count
[62,78,87,88,91,95]. Most of the studies showed that cir-
culating levels of 25-hydroxy-vitamin D3 were not asso-
ciated with sperm morphology [61,62,78,89,93-96]. Only
four studies showed a positive association [66,87,88,90].

First author Stu.dy Type of ch. of Age (y) Sperm Spgrm Sperm  Pregnancy

(year) design study patients count motility morphology  rate
Jueraitetibaike (2019) [95] Prospective Observational 222 30(27-32) + NA
Blomberg Jensen (2018) [96]  Prospective Interventional 330 34.8+6.6 = = = =
Rehman (2018) [87] Prospective Observational 313 34 (25-55) + + + NA
Akhavizadegan (2017) [88] Retrospective  Observational 230 34+6.0 + + + NA
Blomberg Jensen (2016) [78]  Prospective Observational 1,189 34.1(31-38) + + = NA
Neville (2016) [94] Prospective Observational 75 374444 = = = =
Tirabassi (2017) [6] Retrospective  Observational 104 33 NA + NA NA
Zhu (2016) [91] Prospective Observational 186 28 + + NA NA
Abbasihormozi (2017) [93] Prospective Observational 278 33.5+4.8 = + = NA
Tartagni (2015) [89] Prospective Observational 90 36.5+1.4 = = = +
Deng (2013) [92] Prospective Interventional 86 46.7+0.4 NA + NA +
Yang (2012) [66] Prospective Observational 559  30.3+3.3 (20-40) NA + + NA
Hammoud (2012) [62] Prospective Observational 170 29.0+8.5 (18-67) + + = NA
Blomberg Jensen (2011) [90]  Prospective Observational 300 19.0(18.4-21.8) = + + NA
Ramlau-Hansen (2011) [61] Prospective Observational 307 18-21 = = = NA

Values are presented as median (range), meantstandard deviation, mean only, meanzstandard deviation (range), or range only.
+: significant positive association, =: no correlation, NA: not assessed.
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Only one study indicated that low vitamin D is not
a risk factor for poor semen quality in a population of
young healthy men, although a high vitamin D level
was unexpectedly associated with lower crude median
total sperm count and percentage of normal sperm
morphology. However, after adjustment, the results led
to non-significant associations [61].

Lastly, few studies included also non-obstructive
azoospermic patients in their study cohort. One of
them was conducted by Yang et al [66], showing that
no significant differences of bone mineral density ex-
ist between infertile azoospermic men and sub-fertile
patients. Otherwise, Zhu et al [91] revealed levels of
serum 1,25(0OH)2D3 significantly lower in azoospermic
patients those than fertile men.

Furthermore, few studies analysed the reproduc-
tive outcomes in men with hypovitaminosis D. One of
them stated that pregnancy and delivery rates were
significantly higher in couples with normal serum lev-
els of vitamin D rather than couples with lower levels,
during cycles of timed vaginal intercourse. A trend
towards a higher rate of miscarriage was observed in
case of hypovitaminosis D, not reaching a statistical
significance [89)]. Moreover, only a study assessed vita-
min D status in couples undergoing in vitro fertiliza-
tion/intracytoplasmic sperm injection cycles. Among
men, no correlation was found between 25(0OH)D and
total motility, progressive motility, count, or sperm
morphology. Additionally, there was no association be-
tween 25(0OH)D and ongoing pregnancy rates. Regard-
ing joint factors in subfertility, there was no associa-
tion between male 25(OH)D concentration and number
of fertilized oocytes [94].

Additionally, the effects of vitamin D was also in-
vestigated in in vitro studies. Blomberg Jensen et al
[90] focused on in vitro effects of intracellular calcium,
sperm motility and acrosome reaction of mature sper-
matozoa, obtained from semen samples of 40 men
from the general population. The semen samples were
exposed to 1,25(0H)2D3 for 45 minutes. In this setting,
1,25(0OH)2D3 increased intracellular calcium concentra-
tion in human spermatozoa through VDR-mediated
calcium release from the intracellular calcium storage,
increased sperm motility and induced the acrosome re-
action.

One more recent in vitro study explored the relation-
ships between both serum and seminal plasma vitamin
D levels and semen quality, by incubating spermato-
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zoa with 1,25(0OH)2 vitamin D. In vitro, sperm kinetic
parameters increased after incubation for 30 minutes
with 1,25(0H)2 vitamin D. The upward migration of
spermatozoa increased remarkably with increasing ad-
enosine triphosphate concentration, showing a positive
correlation between seminal plasma vitamin D and
sperm kinetics. In this context, seminal plasma vitamin
D may better reflect the status of male reproduction
[95].

Only two studies were conducted in an intervention-
al study fashion. One first interventional study anal-
ysed the effects of vitamin D3 supplementation for 3
months in men with oligo-asthenozoospermia, showing
a significant increase in both sperm progressive motil-
ity and pregnancy rate, compared to not treated men
[92]. Nevertheless, more recently, Blomberg Jensen et
al [96] conducted a randomized clinical trial in infertile
couples, whose men had shown impaired semen quality
and vitamin D insufficiency (250HD level <50 nmol/L).
Infertile men were randomly assigned 1:1 to either pla-
cebo or an initial oral dose of 300,000 IU of cholecalcif-
erol dissolved in oil, followed by receipt of tablets con-
sisting of cholecalciferol 1,400 TU and calcium 500 mg
once daily for 150 days. No differences in total sperm
count or sperm concentration were found between
the treatment and the placebo groups at day 150. Men
treated with supplementation had lower percentage of
motile spermatozoa and progressive motile spermato-
zoa compared with the placebo group at baseline. The
percentage of spermatozoa with normal morphology
was higher in the placebo group than in the treatment
group. Overall, the results suggested that vitamin D
supplementation was not significantly associated with
changes in semen parameters. Moreover, spontaneous
pregnancies tended to be higher in couples in which
the man was in the treatment group. Analysing a sub-
group of oligozoospermic men, vitamin D treatment
increased the chance for a live birth compared with
placebo [96].

However, all these previous studies displayed a wide
heterogeneity in their design, especially with regard
to study population, methodology and cut off values
used for the evaluation of vitamin D status. Moreover,
the presence of confounding factors could represent a
possible bias in the interpretation of data among the
studies. In this regard, the major confounders could be
the high frequency of serious co-morbidities, the varia-
tion in age and use of treatment that could influence
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semen quality, steroidogenesis or peripheral conversion
of androgens.

CONCLUSIONS

In conclusion, all the observational and interven-
tional existing studies reached controversial results.
Equally, the experimental researches were not able to
state a certain relationship between vitamin D status
and testis hormone production. As well as concerning
the effects of vitamin D on semen parameters, most of
these studies highlighted a potential beneficial role of
vitamin D on male reproductive health, particularly
through a better sperm motility. Regarding pregnancy
outcomes, normal level of vitamin D seems to be re-
lated to higher pregnancy rates. Nevertheless, future
studies are needed to better clarify the exact role of vi-
tamin D on hormonal and seminal panel in both fertile
and infertile men. In this setting, it becomes manda-
tory to establish a defined range of circulating vitamin
D serum levels, better related to healthy fertility pa-
rameters and positive reproductive outcomes.
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