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INTRODUCTION 

The main vitamin D (VD) function in the human body 
is phosphate (PO4) and calcium (Ca2+) homeostasis, hence 
it is a key regulator of bone calcification. However, several 
studies indicate that VD has other non-classical binding sites 
and targets, including the male and female reproductive 
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systems. VD can be considered more than just a vitamin 
due to its binding to the steroid hormone receptors [1]. 

The tight link between VD and sex hormones or pro-
lactin is indispensable when determining the effects of VD  
in non-classical targets. All in vivo studies with systemic 
variations in VD may also have variations in sex hormones 
and/or changes in prolactin [2,3]. These variations may 
either decrease or boost the supposed VD effects and should 
therefore be addressed in all research reviewing VD. 
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Aim. Vitamin D is currently an exciting research target, besides its obvious role in calcium 
homeostasis and bone health, enormous work is being directed at examining the effects 
of this vitamin on various biological functions and pathological conditions.
Material and methods. The review of the literature and the analysis took about six 
months and was carried out through PubMed. This is a search engine opening mainly the 
MEDLINE database of trusted references. We called up all studies written in English that 
were published between the years 2004 to 2021 and that came through using the applied 
search terms, and analysed all those that met the criteria. 
Results. The endocrine system with its many glands and hormones and their essential 
roles in the maintenance of normal body functioning cannot be far from interactions 
with vitamin D. Male and female sex hormones are no exceptions and many studies have 
investigated the correlations between these hormones and vitamin D. As such, direct 
and indirect relationships have been found between vitamin D, its receptors or one of its 
metabolising enzymes with sex hormones and the development of reproductive organs 
in males and females. 
Conclusion. This review summarises the research investigating the associations  
of vitamin D with sex hormones and reproductive organs in males and females, and thus 
may pave the road for future studies that will investigate the clinical significance of vitamin D  
in the management of reproductive system disorders. Despite some conflicting results 
about the relationship between VD and the effectiveness of the reproductive system, many 
studies confirm the presence of receptors for this vitamin in the reproductive system,  
and this supports the direct or indirect relationship between VD and prolactin or VD  
and testosterone through PO4 and Ca2+ homeostasis, or production of osteocalcin. 
Therefore, VD is positively associated with semen quality and androgen status. 
Furthermore, a direct relationship between VD and the production of progesterone, 
estrogen and estrone in human ovarian cells has been supported by many studies. 
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The probable function of VD in the regulation of sex 
hormones has effects outside the sex organs where some 
of these hormones such as inhibin, insulin-like factor 3 
(INSL3), testosterone, and estradiol have been shown to 
mediate actions (e.g. kidney and skeleton). As such, this 
review attempts to shed light on the relationship and mutual 
influence between VD and sex hormones, which may pave 
the way for linking the clinical use of this vitamin in treating 
imbalances, directly or indirectly in some sex hormones, as 
these imbalances play a major role in some diseases of the 
reproductive system, fertility and reproduction. Additionally, 
this review is one part of an ongoing review series regarding 
the correlations between VD and different hormones.

This review relied mainly on gathering references and 
extracting information from reliable and up-to-date sources, 
which were published between 2004 and 2021, through the 
use of PubMed which is a search engine opening mainly 
the MEDLINE database of trusted references. We used the 
following search terms: vitamin D, gonadotropin-realising 
hormone, luteinizing hormone, follicle-stimulating hormone, 
testosterone, prolactin in addition to 25-hydroxyvitamin D 
(25(OH)D), 1,25-dihydroxyvitamin D, and calcitriol.

VITAMIN D METABOLISM

Exposing the skin to sunlight is the first step in the pro-
duction of VD. The ultraviolet rays in sunlight convert the 
7-dehydrocholesterol into cholecalciferol [4]. The latter is 
a biologically inactive form of VD that needs to convert 
through enzymatic reactions in the liver into an intermedi-
ate compound called 25-hydroxy cholecalciferol. It then 
becomes fully activated after being converted into 1,25-dihy-
droxy cholecalciferol in the kidneys [5]. CYP2R1 is the 
main enzyme (but not the only one) involved in convert-
ing the cholecalciferol into 25-hydroxy cholecalciferol. 
CYP2R1 is predominantly secreted by the liver and testicles. 
Despite the ability of 25-hydroxy cholecalciferol to bind 
to VD receptors, it has a weak affinity for these receptors 
compared to 1,25-dihydroxy cholecalciferol, so the former 
is also considered as being an inactive form of VD, and 
a second enzyme called CYP27B1 is involved. This enzyme 
is secreted by the kidney and is responsible for the forma-
tion of active VD, which has a high affinity to bind to VD 
receptors [2,3]. The renal cytochrome is specifically regu-
lated by endocrine hormones and especially by fibroblast 
growth factor 23, parathyroid hormone, calcitonin and sex 
steroids [6,7]. On the other hand, the inactivation enzyme 
(CYP24A1) is a key regulatory enzyme in controlling and 
regulating all forms of circulating VD by metabolizing them 
to 24,25-(OH)2D3 and therefore it is involved in normal 
VD homeostasis [3].

MALE REPRODUCTIVE SYSTEM

Hormonal regulation and physiology of male 
reproductive system

The male reproductive system consists of testicles, penis 
and other adjunct sex organs. The main function of this 
system is to produce and inject the mature and viable semen 
into the female reproductive system [8]. The testicles are 

the main components of the reproductive system and are 
responsible for the production of male sex hormones and 
for spermatogenesis [9]. Spermatogenesis is a complicated 
series of processes ending in the production of male gametes 
(sperms) in the seminiferous tubules [1]. A sperm subse-
quently transports to the epididymis to mature and develop 
its motility and becomes capable to move to the ovum and 
fertilize it [10]. 

Both the nervous system and endocrine system are 
responsible for the regulation of the reproductive system 
functions [8]. The hypothalamic-pituitary axis is the 
hormonal pathway responsible for the control of testis func-
tions (Figure 1) [11]. This is mediated by secretion of gona-
dotropin-realising hormone (GnRH) from the hypothala-
mus [11]. GnRH then stimulates the secretion of luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH) from 
the pituitary gland [11]. LH stimulates testicular interstitial 
cells of Leydig to secrete testosterone which is a primary 
androgenic hormone that plays a role in the induction and 
maintenance of all aspects of the male phenotype [12].

The sensitivity of LH receptor on the surface of Leydig 
cells (L. cells) is additionally increased by the prolactin 
secreted from the pituitary [11]. FSH triggers Sertoli cells 
(S. cells) in the testis to regulate a number of cellular func-
tions such as the negative feedback to the pituitary and 
hypothalamus mediated by inducing the secretion of inhibin  
to control the release of FSH and GnRH [13]. Although 
testosterone is important for the production of sperm within 
the testicles, it also transports to the peripheral circulation 
and the somniferous fluid, where it is subjected to metabo-
lism by 5 a-reductase to form dihydrotestosterone and by 
aromatase to form estradiol [14]. Dihydrotestosterone has an 
important regulatory role in epididymal and accessory sex 
organ functions, while estradiol is an important regulating 
factor, mainly in the epididymis and efferent ducts [11].

Overall, the male reproductive system is controlled by  
a series of regulatory hormones. In spite of that, the testicle 
is also sensitive to a verity of behaviours and lifestyle factors 
such as smoking, obesity, pharmacological agents, nutrition 
and vitamin intake [15]. 

Figure 1. Hormonal pathway of testis with feedback loops

Vitamin D and male reproductive hormones

This part summarizes the current information about  
the effect of VD on the male reproductive system hormones 
(Table 1). VD mediates its action by stimulating VD recep-
tors (VDR) which are located in different tissues such as 
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parathyroid glands, skeleton and reproductive tissues [16]. 
Before binding to its receptor, VD needs to be activated 
in the presence of VD metabolizing enzymes; CYP2R1, 
CYP27B1, and CYP24A1. Previously, the expression of 
these enzymes was thought to be limited to the kidney and 
liver [5]. A recent study showed that the enzymes are also 
available in different tissues, including the male reproduc-
tive organs [17]. VDR and VD metabolizing enzymes are 
specifically expressed in the human prostate, epididymis, 
testis, seminal vesicle, and spermatozoa [18,19].
Table 1. Vitamin D and male reproductive hormones

Hormones Increase Decrease No effect

Testosterone ↑ 9,27-37,40 ND ─ 9, 21-26

Luteinizing hormone (LH) ↑ 36 ND ─ 9, 21, 24

Sex-hormone-binding-globulin 
(SHBG) ↑ 35 ↓ 27 ND

Inhibin ↑ 35 ND ─ 9

Follicle-stimulating hormone 
(FSH) ↑ 36 ND ─ 9

Anti-Müllerian hormone (AMH) ↑ 44 ND ND

Insulin-like factor 3 (INSL3) ND ND ─ 21

This table summarizes studies conducted to evaluate the relationship between 
VD and male sex hormones. ↑ - increase; ─ - no effect; ↓ - decrease; ND - not 
determined 
The superscript numbers indicate the reference numbers

L. cells are responsible for the production of testosterone, 
which is essential for male sex characteristics, including 
primary characteristics (from birth) and secondary charac-
teristics (emerge at puberty) [9]. The biosynthetic production 
of testosterone is regulated by placental human chorionic 
gonadotropin (HCG) in the foetus, then by LH when the 
pituitary begins to secret it [20]. 

In a comparative study between wildtype and VDR-null 
mice, results referred to that the serum level of LH and tes-
tosterone were not significantly different, although low ratio 
of testosterone: LH and hyperplasia of L. cell were noticed 
in VDR-null mice [21]. Moreover, 3 children suffering from 
inherited 1α,25 dihydroxyVD3-resistant rickets (unfunc-
tional VDR) showed a normal testosterone response [22,23]. 
In addition to that, infusion of VD for 3 days resulted in 
insignificant changes in the level of serum testosterone or 
LH in healthy men [9]. These outcomes are in accordance 
with the equivalent serum concentration of LH and testos-
terone found in healthy young men and adolescents with or 
without VD deficiency [24]. Also, in middle-aged healthy 
males with normal baseline testosterone, VD treatment did 
not have any significant effect on testosterone levels, but it 
did significantly reduce the quantitative insulin sensitivity 
check index [25]. Similarly, in middle-aged healthy males 
with low testosterone concentrations, VD therapy had no 
effect on blood testosterone concentrations [26].

All these data indicate that there is no direct relationship 
between the level of VD or the activation of its receptors 
and serum level of testosterone or LH sensitivity. However, 
contradictory results were obtained from other clinical trials. 
For example, the levels of VD, testosterone and sex-hor-
mone-binding-globulin (SHBG) were assessed in a cross-
sectional study that revealed that males with sufficient VD 
levels had significantly higher concentrations of testosterone 
with significantly lower amounts of SHBG, in comparison to 
those participants with insufficient and deficient VD levels.  

The study concluded that there is significant correlation 
between VD, testosterone and SHBG levels [27]. 

In a similar scenario, a randomized controlled trial has 
reported an increase in testosterone level following supple-
mentation with 3332 IU of VD to overweight men who 
are undergoing a weight-loss program [28]. Three differ-
ent studies conducted on two age groups, middle-aged 
and elderly, showed supporting findings to the positive 
relationship between VD and testosterone [29-31]. One of 
these studies demonstrated that VD may increase the risk 
of prostate cancer, as its concentration could influence the 
level of circulating testosterone [29].

The potential link between VD and sexual performance 
has recently received much interest. In one study, by using 
retrospective and longitudinal approaches, including clinical, 
molecular and sexual characteristics, higher levels of VD 
were found to be substantially linked with higher levels of 
total testosterone and all the parameters of the International 
Index of Erectile Function (IIEF) questionnaire in the entire 
study group. Higher concentration of serum total testos-
terone, on the other hand, was related to increased levels  
of erectile function and the IIEF total score in a favour-
able and significant way. Total and free testosterone levels 
improved after VD replacement therapy, and erectile 
function recovered, while other sexual indicators remained 
unchanged. As a result, the study concluded that VD is nec-
essary for healthy male sexual function, and VD supplemen-
tation promotes such healthy sexual function [32]. 

Confirming the aforementioned studies, a lower level 
of VD was linked with a higher incidence of hypogonad-
ism in men [33,34]. Similarly, infertile men with low VD 
levels had reduced sperm motility, overall number of motile 
sperms, testosterone/estradiol ratio, SHBG and inhibin B, 
but greater levels of free sex steroids than those infertile 
men with normal VD status, according to an observational 
study [35]. Furthermore, a randomized clinical trial assessed 
the effect of VD supplementation (25000 IU per week for 
2 months) on reproductive hormones (testosterone, LH and 
FSH) and seminal fluid parameters in infertile men with VD 
deficiency and the study found a significant effect of VD 
supplementation on sperm motility, volume and concentra-
tion, in addition to prolactin level after 2 months of therapy, 
indicating a significant link between VD, sex hormones and 
prolactin [36].

In the elderly men (>57 years old) [1], a few studies 
have shown a positive relationship between serum level of 
VD (25 hydroxyVD) and testosterone level, in addition to 
seasonal fluctuation in levels of testosterone that are com-
mensurate with the periodic (seasonal) variation in the 
values of 25-hydroxyVD [27,37,38]. Disappearing of the 
association between serum concentration of 25-hydroxyVD 
and testosterone after controlling health status and associated 
diseases in elderly males also indicates the indirect effect 
of VD levels [37]. Herein, LH stimulates steroidogenesis 
by rising cAMP production and the intracellular level of 
Ca2+ in L. cells, where 1α,25-dihydroxyVD3 could exert 
an indirect effect by modifying this calcium dependent LH 
response [39].

Both VD and parathyroid hormone regulate the absorp-
tion of calcium in the intestine and its excretion through 
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the kidneys. Therefore, the concentration of calcium in the 
blood serum can change as a result of the change in the con-
centration of VD. For that reason, VD deficiency is usually 
associated with hypocalcaemia, which might, therefore, 
lead to indirect effect in the target tissue instead of a direct 
VDR-mediated effect [9]. These findings are consistent with 
a study carried out on rats, which showed that the level 
of testosterone in rats suffering from VD deficiency will 
increase two to five times following injections of 1α,25-
dihydroxyVD3 [9,40].

Another indirect effect of VD on testosterone could be 
mediated by osteocalcin protein. The gene that encodes this 
protein is controlled by VD [41]. An animal study showed 
that testosterone production could be stimulated by osteo-
calcin through GPRC6A receptor activation in L. cells [42]. 

In summary, testosterone production could be indirectly 
affected by VD through PO4 and Ca2+ homeostasis, or pro-
duction of osteocalcin. However human conclusions need 
more confirmations. Also, 1α,25-dihydroxyVD3 could 
repress the conversion of testosterone to estradiol as 1α,25-
dihydroxyVD3 binds to VD receptors in the promoter of 
CYP19A1 aromatase which converts testosterone to estra-
diol. Zanatta et al., for example, concluded that aromatase 
expression in immature rat S. cells was induced by 1α,25-
dihydroxyVD3 [43]. Moreover, VD receptor null mouse 
models showed a noticeable effect of 1α,25-dihydroxy VD3 
on oestrogen signalling in testicle and epididymis [21].

On the other hand, a study conducted in 2012 stated a sig-
nificant direct relationship between serum concentrations of 
25-hydroxyVD and anti-Müllerian hormone (AMH). The 
latter is mainly produced in undeveloped S. cells and partici-
pates in the male reproductive system maturity. This study 
reported that AMH creation was modified by administration 
of VD only in adult males, but not in children [44].

Stimulation of AMH by VD is reasonable due to the 
presence of VD receptors on the AMH promoter in immature 
human S. cells [9]. While AMH is solely expressed in unde-
veloped (immature) S. cells, inhibin B and sex hormone 
binding globulin (SHBG) are secreted from mature S. cells 
[9]. Inhibin B produces adverse feedback on excretion  
of FSH, whereas SHBG governs the level of free hormone in 
the reproductive system of men. In cohort studies conducted 
in healthy males, no relations were discovered between 
serum levels of VD and inhibin B or FSH [9] , consequently, 
VDR seems to be unnecessary for inhibin B or SHBG secre-
tion from testis [43] , while there is a weak relation with 
AMH in humans and this relation requires more validation. 

Moreover, with regard to INSL3, a peptide hormone 
which plays a role in testicular descent during maturation 
[9] , and which is produced by L. cells, a study has revealed 
that it is not differently produced between VD receptor-null 
mice and their wild type. Hence, INSL3 is not reliant on VD 
receptor expression [21]. In addition, although, progesterone 
(P) production is stimulated by 1α,25-dihydroxyVD3 in the 
ovaries and placenta [45] , the supposed effect of VD on  
P synthesis in the L. cells needs to be tested in both animals 
and humans.

FEMALE REPRODUCTIVE SYSTEM

Hormonal regulation and physiology of female 
reproductive system 

The female reproductive system is a complex system 
including the hypothalamus, pituitary gland, ovaries, uterus 
(endometrium and cervix) and vagina [46]. The hypotha-
lamic-pituitary-gonadal axis is responsible for coordinating 
the reproductive system in females [47]. The primary signal 
of regulatory pathway starts by the release of GnRH from 
the hypothalamus, which controls the activity of the anterior 
pituitary resulting in regulated secretion of FSH and LH 
(Figure 2) [47].

LH and FSH stimulate ovulation and promote secretion of 
the female sex hormones, including estradiol (estrogen) and 
P from the ovaries [46]. These hormones produce modifica-
tions in the uterine endometrium former to enable implanta-
tion of the fertilized ovum. In addition, they stimulate the 
target organs of the female reproductive system (eg, breasts, 
uterus, vagina) [46].

Figure 2. Hormonal pathway of ovary with feedback loops

Vitamin D and female reproductive hormones 

As mentioned before, the biological activities of VD start 
by binding with VDRs which spread in different tissues such 
as the parathyroid glands, bones and sex organs (Figure 3) 
[48].

Figure 3. 1,25(OH)2D3 binds to the cytoplasmic vitamin D 
receptor (VDR)
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The combined vitamin D then transfers to the nucleus. In 
the nucleus, it complexes with co-activators such as retinoid 
X receptor (RXR) and the DRIP complex. This transcrip-
tional unit binds to the vitamin D response element (VDRE) 
in the promoter region of genes in order to regulate tran-
scription [48]. Many female reproductive hormones may 
affect by VD and its level (Table 2). 
Table 2. Vitamin D and female reproductive hormones

Hormones Increase Decrease No effect

Estrone ↑ 45 ND ND

Estradiol ↑ 45, 51 ND – 52-55

Progesterone ↑ 45 ND ND

Testosterone ↑ 57 ↓ 56 ND

Anti-Müllerian hormone (AMH) ND ↓ 58 – 57,59,60,61,62

This table summarizes studies conducted to evaluate the relationship between 
VD and female sex hormones. ↑ - increase; – - no effect; ↓ - decrease; ND - 
not determined 
The superscript numbers indicate the reference number

Several studies have shown a high expression of VDR 
in female sex tissues, especially in human follicular cells 
[45]. These findings propose that VD could have a role in 
the production of estrogen and androgen and could influence 
their follicular and serum levels in women [49]. Hodgins 
and Murad found that incubation of human fibroblasts with 
the active form of VD improved the CYP19A1 activity 
[50]. Furthermore, culture of humane ovarian cells treated 
with the active form of VD will elevate estrone production 
by 21% and estradiol production by 6% when compared 
with untreated cells [45]. In addition, an animal study using 
VDR-null mice showed uterine hypoplasia, decrease in aro-
matase activity and low level of serum estradiol, as well as 
a rise in FSH and LH.

All these findings suggest a peripheral problem rather 
than a central malfunction [51]. These disturbances in the 
aromatase activity and low level of estradiol were improved 
with estradiol and calcium supplementation [51]. Another 
in vitro study has found a direct relationship between VD 
and the production of progesterone, estrogen and estrone 
in human ovarian cells [45]. These results are in contrast 
to results from other human studies which stated that there 
is no correlation between serum VD and estradiol level 
[52-55]. These contradictory results warrant further studies 
to clarify the relationship between reproductive hormones 
in women and VD.

Few studies have dealt with the relationship between VD 
and androgens in females, as androgens are produced in 
small amount in women. One of these studies tested the level 
of VD in 100 obese and nonobese women suffering from 
polycystic ovary syndrome, and stated a negative correlation 
between VD and testosterone [56]. In contrast, a positive 
correlation has been found between testosterone and VD in 
73 healthy women as reported by Chang et al. [57]. 

Both AMH and insulin-like growth factor-1 (IGFBP-1) 
are peptide hormones. AMH is produced in female ovaries 
and is responsible for adjusting the follicular response to 
FSH [58]. In 2012, an in vitro study stated that VD reduced 
AMH expression in granulosa cells from animals [58]. 
Other studies conducted on granulosa cells from human 
demonstrated that the active form of VD has no effect on 

the AMH level, while the expression of AMH II receptor 
was decreased [59].

A cross-sectional study including 388 premenopausal 
women and another study including 33 premenopausal 
women have observed a positive correlation between VD 
and AMH [59,60]. Furthermore, a seasonal variation in 
VD level was associated with a drop in AMH level during 
wintertime. This positive correlation between AMH and 
25OHD was supported by low variation in the level of AMH 
when VD was given [58]. On the other hand, some other 
studies showed different results and reported that there is 
no obvious correlation between AMH and 25OHD and no 
alteration in the serum level of AMH after VD supplemen-
tation [57,61,62]. The inconsistency may be attributed to 
variances in geographic location, ethnicity, kind of AMH 
assay or VD status between the studied participants [58].

Human clinical trials concerning in vitro fertilization 
(IVF), a popular approach for gathering information on this 
subject, are relatively limited and controversial. Generally, 
in mammals, VD insufficiency and deficiency have been 
shown to influence fertility, but the evidence in humans is 
less clear. The association between plasma levels of VD, 
implantation, and actual pregnancy rates in females who 
experienced an euploid blastocyst embryo transfer has been 
studied in a retrospective cohort study. The findings demon-
strated that VD had no influence on pregnancy outcomes in 
women having euploid embryo transfer. Also, the possibility 
of euploid blastocysts implanting is not predicted by serum 
VD levels [63]. Conversely, A prospective cross-sectional 
research was performed to explore the success of IVF in 
women who had low VD levels in their blood. According 
to the findings, VD could be a new factor promoting female 
fertility and IVF success. 

More studies are urgently needed to demonstrate a causal 
association and look into the potential therapeutic effects of 
VD supplementation [64]. In line with this suggestion, A 
multicentre randomized, double-blind, placebo-controlled 
intervention is now underway to determine the effect of 
VD administration prior to IVF on the healthy birth rates in 
women with polycystic ovarian syndrome. The study began 
in July 2020, with a recruitment period of 18 months (the 
last participant is planned to be recruited in December 2020). 
The results of this study will be essential in revealing the 
exact effect of VD on fertility and IVF success [65]. 

In the same way, the literature in reproduction medicine, 
continues to be conflicted on the impact of VD on intra-
cytoplasmic sperm injection outcomes (ICSI). In this regard, 
a randomized double-blinded controlled study had been per-
formed with the primary goal of determining the relationship 
between the levels of VD and pregnancy rates in a large 
group of IVF cases. This study included 80 infertile couples 
who had undergone ICSI procedures. The study's findings 
stated that females with adequate VD levels are generally 
more likely than those with deficient levels to achieve preg-
nancy after ICSI, and that supplementation with VD could 
help increasing the rates of embryo implantation and the 
rates of continuing pregnancy by lowering the rate of first 
trimester miscarriage [66].
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Prolactin and vitamin D

Lactotrophs are specialized cells of the anterior pituitary 
gland, which take their fundamental role in the secretion  
of the polypeptide hormone, prolactin [67]. In addition to 
the role of prolactin in lactation, it has around 300 other dif-
ferent biological activities, including homeostatic functions 
in the body organs [67,68]. Different regulatory pathways 
are responsible for the release of prolactin from lactotrophs 
which could be summarised by four categories: autocrine, 
juxtacrine, endocrine and paracrine [69]. Herein, the auto-
crine pathway emanates from lactotrophs via their own pro-
duction of autocrine agents, while the juxtacrine pathway 
originates from the interaction between lactotrophs and the 
extracellular matrix of adjacent cells. In addition, the endo-
crine pathway starts from the hypothalamus, gonads and 
neuronal lobe of pituitary, reaching the lactotrophs through 
a hormonal pathway, while paracrine agents are released 
from cells of intermediate and interior lobes and received 
by lactotrophs via diffusion [69,70].

Prolactin production is controlled by a large additional 
variety of internal and external stimuli [67,71]. The most 
important stimuli that increase pituitary secretion of prolac-
tin are lactation, stress and increased production of steroids 
and estrogen from ovaries [67,72]. These stimuli trigger 
the transduction pathway through the hypothalamus, which 
leads to elaborate prolactin releasing factors (PRF) and pro-
lactin inhibitory factors (PIF). 

The well-accepted and widespread concept is that lacto-
trophs cells have a spontaneous prolactin secretion capacity. 
Consequently, the regulation of prolactin secretion from 
the pituitary gland, and specifically from the lactotrophs, 
is under inhibitory control exerted by hypothalamus [73]. 
Emphasis is placed on the role of dopamine in the regulat-
ing of prolactin secretion [73]. Dopamine acts via recep-
tors (dopamine type-2 receptors) expressed on the surface  
of lactotrophs, as the primary inhibitor of prolactin. On the 
other hand, different kinds of peptides and growth factors 
can stimulate prolactin secretion either by affecting the 
dopamine input to lactotrophs or by directly affecting the 
lactotrophs [69].

Many studies have tested the relationship between the 
prolactin and VD. One of these studies found that prolactin 
has a positive effect on the activity of renal 25-hydroxycho-
lecalciferol-1-hydroxylase as this enzyme has a role in the 
activation of VD by converting the 25-hydroxycholecalcif-
erol to 1,25-dihydroxycholecalciferol, to produce the active 
form of the vitamin via further hydroxylation taking place 
in the kidney [74]. Through another mechanism, prolac-
tin can increase the 1,25(OH)2D3 level by lowering serum  
of fibroblast growth factor 23 which participates in phos-
phate and VD metabolism and regulation [74].

In one animal study, cells treated with VD displayed 
an obvious reduction in the production of prolactin [75]. 
Moreover, reversed data obtained from other studies indicate 
that treating anterior pituitary cells with 1,25dihydroxy-cho-
lecalciferol results in an obvious rise in prolactin secretion 
compared to control [76,77]. However, 25-hydroxychole-
calciferol alone or with 1,25-dihydroxycholecalciferol had 
no significant effect on the prolactin secretion.

This data suggests that 1,25-dihydroxycholecalcif-
erol probably interferes with the prolactin secretion and 
25-hydroxycholecalciferol possibly blunts the stimulating 
effects of 1,25-dihydroxycholecalciferol [76]. Most studies 
support the theory of a positive relationship between VD 
and prolactin secretion. However, a high level of prolac-
tin could negatively affect the function of the testicles by 
adversely affecting sperm production (spermatogenesis), and 
interfering with testosterone production (the main male sex 
hormone) [78,79]. This positive effect, between VD and pro-
lactin secretion, supports calcium concentration dependence, 
as VD is able to increase the intracellular concentration  
of calcium [80]. Based on the data stating stimulation  
of cytoplasmic prolactin messenger RNA by calcium, the 
calcium may regulate prolactin gene expression [74,80].

CONCLUSION

All in all, VD, VDR, and VD homeostasis regulatory 
factors including metabolizing enzymes entirely appear 
to participate in controlling several functions of the male 
and female reproductive systems in addition to prolactin 
secretion, and the opposite could be possible. Studies inves-
tigating the relationship between circulating level of VD, 
VDR, VD metabolizing enzymes and serum testosterone 
and the effect of this relationship on the function of male 
reproductive system have concluded that there is no direct 
relationship between the level of VD or the activation of its 
receptors and serum level of testosterone or LH sensitivity.  
However, testosterone production could be indirectly 
affected by VD through PO4 and Ca2+ homeostasis, or pro-
duction of osteocalcin. Also, VD could indirectly affect 
the development of the male reproductive system through 
the positive relationship between VD and AMH. P produc-
tion may also affect VD levels, but this effect needs further 
research and investigation. In addition to confirming the 
presence of VD receptors in the female reproductive system, 
most research has established a positive relationship between 
VD and the secretion of estrogen and androgen, although 
there are few studies opposing these results, while the results 
remained conflicting about the relationship between VD  
and the anti-Müllerian hormone in female reproductive 
organs. In addition, there is the positive cross-effect between 
prolactin and VD. Until today there is no evidence-based 
VD treatment for male and female reproductive system 
diseases. Supplementation of VD might manage some repro-
ductive system problems, at least some of the idiopathic 
cases of diseases, in a harmless and non-invasive approach.  
In spite of that, new clinical studies are required to expand 
our knowledge and establish whether supplementation will 
improve the diseases related to the reproductive system. 
In the meanwhile, translational and interdisciplinary 
approaches including in vivo and in vitro study models are 
basic to discover new physiological sides regarding VD and 
reproduction diseases.

ACKNOWLEDGEMENTS 

Our research group acknowledges the University of Mosul and 
the College of Pharmacy for assistance, guidance and support.



Insights into the perspective correlation between vitamin D and regulation of hormones: sex hormones and prolactin

198 Current Issues in Pharmacy and Medical Sciences

ETHICS APPROVAL AND CONSENT TO PARTICIPATE 

Not applicable

AUTHORS’ CONTRIBUTIONS 

All authors significantly contributed to the production of this 
work. MEQ, MNA, and FAA have a major contribution to writing 
the manuscript, conceptualizing, designing the topic, and search-
ing of literature. MHMJ and MA contributed to plagiarism testing 
and English language editing. All authors have read and approved 
the manuscript.

CONSENT FOR PUBLICATION 

Not applicable

COMPETING INTERESts 

The authors declare that they have no competing interests

FUNDING 

This work received no funding of any type

FIGURES AND TABLES

All figures and tables are drawn by authors.

ORCID IDS
Mohannad E. Qazzaz https://orcid.org/0000-0001-7816-5321

REFERNCES

1. Boisen IM, Bøllehuus Hansen L, Mortensen LJ, Lanske B, Juul A,  
Blomberg Jensen M. Possible inf luence of vitamin D on male 
reproduction. J Steroid Biochem Mol Biol. 2017;173:215-22. 

2. Jones G, Prosser DE, Kaufmann M. 25-Hydroxyvitamin D-24-
hydroxylase (CYP24A1): Its important role in the degradation of 
vitamin D. Arch Biochem Biophys. 2012;523(1):9-18. 

3. Bouillon R, Carmeliet G, Verlinden L, Van Etten E, Verstuyf A, 
Luderer HF, et al. Vitamin D and human health: Lessons from 
vitamin D receptor null mice. Endocr Rev. 2008;29(6):726-76. 

4. Alnori H, Alassaf FA, Alfahad M, Qazzaz ME, Jasim M, Abed MN. 
Vitamin D and immunoglobulin E status in allergic rhinitis patients 
compared to healthy people. J Med Life. 2020;13(4):463-8. 

5. Prosser DE, Jones G. Enzymes involved in the activation and 
inactivation of vitamin D. Trends Biochem Sci. 2004;29(12):664-73. 

6. Hoenderop JGJ, Bindels RJM. Is vitamin D indispensable for Ca2+ 
homeostasis: Lessons from knockout mouse models? Nephrol Dial 
Transplant. 2005;20(5):864-7. 

7. Ji H-F, Shen L. CYP24A1 mutations in idiopathic infantile 
hypercalcemia. N Engl J Med. 2011;365(18):1741-3. 

8. Mawhinney M, Mariotti A. Physiology, pathology and pharmacology 
of the male reproductive system. Periodontol 2000. 2013;61(1):232-51. 

9. Jensen MB. Vitamin D and male reproduction. Nat Rev Endocrinol. 
2014;10(3):175-86. 

10. Cornwall GA. New insights into epididymal biology and function. 
Hum Reprod Update. 2009;15(2):213-27. 

11. Foster RA. Male Reproductive System. Elsevier Public Health 
Emergency Collection. 2016;3:465-510.

12. O’Donnell L, Meachem SJ, Stanton PG, McLachlan RI. Endocrine 
regulation of spermatogenesis. In: Knobil and Neill’s physiology of 
reproduction. Cambridge: Academic Press; 2006:1017-69. 

13. O’Shaughnessy PJ, Monteiro A, Verhoeven G, De Gendt K, Abel 
MH. Effect of FSH on testicular morphology and spermatogenesis 
in gonadotrophin-deficient hypogonadal mice lacking androgen 
receptors. Reproduction. 2010;139(1):177-84. 

14. Bolland MJ, Grey A, Horne AM, Reid IR. Testosterone levels 
following decreases in serum osteocalcin. Calcif Tissue Int. 2013; 
93(2):133-6. 

15. Mortimer D, Barratt CLR, Björndahl L, de Jager C, Jequier AM, 
Muller CH. What should it take to describe a substance or product 
as “sperm-safe”. Hum Reprod Update. 2013;19(Suppl 1):145. 

16. Yaghjyan L, Colditz GA, Drake B. Vitamin D and mammographic 
breast density: A systematic review. Cancer Causes Control. 2012; 
23(1):1-13. 

17. Verstuyf A, Carmeliet G, Bouillon R, Mathieu C. Vitamin D: 
A pleiotropic hormone. Kidney Int. 2010;78(2):140-5. 

18. Blomberg Jensen M, Nielsen JE, Jørgensen A, Rajpert-De Meyts 
E, Kristensen DM, Jørgensen N, et al. Vitamin D receptor and 
vitamin D metabolizing enzymes are expressed in the human male 
reproductive tract. Hum Reprod. 2010;25(5):1303-11. 

19. Aquila S, Guido C, Middea E, Perrotta I, Bruno R, Pellegrino M, et al. 
Human male gamete endocrinology: 1alpha, 25-dihydroxyvitamin 
D3 (1,25(OH)2D3) regulates different aspects of human sperm 
biology and metabolism. Reprod Biol Endocrinol. 2009;7(1):140. 

20. Niederberger C. Re: Are serum levels of vitamin d associated with 
semen quality? Results from a cross-sectional study in young healthy 
men. J Urol. 2012;187(1):240-1.

21. Blomberg Jensen M, Lieben L, Nielsen JE, Willems A, Jørgensen A,  
Juul A, et al. Characterization of the testicular, epididymal and 
endocrine phenotypes in the Leuven Vdr-deficient mouse model: 
Targeting estrogen signalling. Mol Cell Endocrinol. 2013;377(1-2): 
93-102.

22. Rosol TJ, Gröne A. Endocrine Glands. Jubb, Kennedy Palmer’s Pathol 
Domest Anim. 2016;3:269-357. 

23. Malloy PJ, Tiosano D, Feldman D. Hereditary 1, 25-dihydroxyvita-
min-D-resistant rickets with alopecia resulting from a novel 
missense mutation in the DNA-binding domain of the vitamin D 
receptor. Mol Genet Metab. 2010;99(1)72-9. 

24. Hammoud AO, Wayne Meikle A, Matthew Peterson C, Stanford J,  
Gibson M, Carrell DT. Association of 25-hydroxy-vitamin D 
levels with semen and hormonal parameters. Asian J Androl. 2012; 
14(6):855-9. 

25. Lerchbaum E, Pilz S, Trummer C, Schwetz V, Pachernegg O, Heijboer 
AC, et al. Vitamin D and testosterone in healthy men: A randomized 
controlled trial. J Clin Endocrinol Metab. 2017;102(11):4292-302. 

26. Lerchbaum E, Trummer C, Theiler-Schwetz V, Kollmann M,  
Wölfler M, Heijboer AC, et al. Effects of vitamin D supplementation 
on androgens in men with low testosterone levels: A randomized 
controlled trial. Eur J Nutr. 2019;58(8):3135-46. 

27. Wehr E, Pilz S, Boehm BO, März W, Obermayer-Pietsch B. 
Association of vitamin D status with serum androgen levels in men. 
Clin Endocrinol (Oxf). 2010;73(2):243-8. 

28. Seftel A. Effect of vitamin D supplementation on testosterone levels 
in men: Editorial comment. J Urol. 2011;186(1):239-40. 

29. Anic GM, Albanes D, Rohrmann S, Kanarek N, Nelson WG, Bradwin 
G, et al. Association between serum 25‐hydroxyvitamin D and serum 
sex steroid hormones among men in NHANES. Clin Endocrinol 
(Oxf). 2016;85(2):258-66. 

30. Tak YJ, Lee JG, Kim YJ, Park NC, Kim SS, Lee S, et al. Serum 
25-hydroxyvitamin D levels and testosterone deficiency in middle-
aged Korean men: a cross-sectional study. Asian J Androl. 2015;17(2): 
324. 

31. Laczmanski L, Lwow F, Mossakowska M, Puzianowska-Kuznicka M,  
Szwed M, Kolackov K, et al. Association between vitamin D 
concentration and levels of sex hormones in an elderly Polish 
population with different genotypes of VDR polymorphisms 
(rs10735810, rs1544410, rs7975232, rs731236). Gene. 2015;559(1):73-6. 

32. Tirabassi G, Sudano M, Salvio G, Cutini M, Muscogiuri G, Corona 
G, et al. Vitamin D and male sexual function: A transversal and 
longitudinal study. Int J Endocrinol. 2018;2018. 

33. Wang N, Han B, Li Q, Chen Y, Chen Y, Xia F, et al. Vitamin D is 
associated with testosterone and hypogonadism in Chinese men: 
results from a cross-sectional SPECT-China study. Reprod Biol 
Endocrinol. 2015;13(1):1-7. 

34. Lee DM, Tajar A, Pye SR, Boonen S, Vanderschueren D, Bouillon R,  
et al. Association of hypogonadism with vitamin D status: the 
European male ageing study. Eur J Endocrinol. 2012;166(1):77. 



Mohannad E. Qazzaz, Mohammed N. Abed, Fawaz A. Alassaf, Mahmood H. M. Jasim, Mohanad Alfahad

Vol. 34, No. 4, Pages 192-200 199

35. Jensen MB, Lawaetz JG, Andersson AM, Petersen JH, Nordkap L, 
Bang AK, et al. Vitamin D deficiency and low ionized calcium are 
linked with semen quality and sex steroid levels in infertile men. 
Hum Reprod. 2016;31(8):1875-85. 

36. Ali SAA, Zainab ARAS, Hussain KAD. Impact of vitamin D on 
male Iraqi patients with infertility. Ann Trop Med Public Heal. 2020; 
23(20):232-40. 

37. Seftel AD. Re: Association of hypogonadism with vitamin D status: 
The European male ageing study. J Urol. 2012;188(2):544. 

38. Nimptsch K, Platz EA, Willett WC, Giovannucci E. Association 
between plasma 25-OH vitamin D and testosterone levels in men. 
Clin Endocrinol (Oxf). 2012;77(1):106-12. 

39. Costa RR, Reis RI dos, Aguiar JF, Varanda WA. Luteinizing hormone 
(LH) acts through PKA and PKC to modulate T-type calcium 
currents and intracellular calcium transients in mice Leydig cells. 
Cell Calcium. 2011;49(3):191-9. 

40. Sonnenberg J, Christakos S, Krey LC. 1,25-dihydr oxyvitamin D3 
treatment results in increased choline acetyltransferase activity in 
specific brain nuclei. Endocrinology. 1986;118(4):1433-9. 

41. Haussler MR, Jurutka PW, Mizwicki M, Norman AW. Vitamin 
D receptor (VDR)-mediated actions of 1α,25(OH) 2 vitamin D3:  
Genomic and non-genomic mechanisms. Best Pract Res Clin 
Endocrinol Metab. 2011;25(4):543-59. 

42. Oury F, Sumara G, Sumara O, Ferron M, Chang H, Smith CE, et al. 
Endocrine regulation of male fertility by the skeleton. Cell. 2011; 
144(5):796-809. 

43. Zanatta L, Bouraïma-Lelong H, Delalande C, Silva FRMB, Carreau 
S. Regulation of aromatase expression by 1α,25(OH)2 vitamin D3 in 
rat testicular cells. Reprod Fertil Dev. 2011;23(5):725-35. 

44. Dennis NA, Houghton LA, Jones GT, Van Rij AM, Morgan K, 
McLennan IS. The level of serum anti-müllerian hormone correlates 
with vitamin D status in men and women but not in boys. J Clin 
Endocrinol Metab. 2012;97(7):2450-5. 

45. Parikh G, Varadinova M, Suwandhi P, Araki T, Rosenwaks Z, 
Poretsky L, et al. Vitamin D regulates steroidogenesis and insulin-
like growth factor binding protein-1 (IGFBP-1) production in human 
ovarian cells. Horm Metab Res. 2010;42(10):754-7. 

46. Clarke BL, Khosla S. Female reproductive system and bone. Arch 
Biochem Biophys. 2010;503(1):118-28. 

47. Christensen A, Bentley GE, Cabrera R, Ortega HH, Perfito N,  
Wu TJ, et al. Hormonal regulation of female reproduction. Horm 
Metab Res. 2012;44(8):587-91. 

48. McKenna MJ, Murray B. Vitamin D deficiency. Endocrinol Diabetes. 
2014;9781461486(3):293-304. 

49. Sun W, Xie H, Ji J, Zhou X, Goltzman D, Miao D. Defective female 
reproductive function in 1,25(OH)2D-deficient mice results from 
indirect effect mediated by extracellular calcium and/or phosphorus. 
Am J Physiol Endocrinol Metab. 2010;299(6):E928-35. 

50. Hodgins MB, Murad S. 1,25-Dihydroxycholecalciferol stimulates 
conversion of androstenedione into oestrone by human skin 
fibroblasts in culture. J Endocrinol. 1986;110(1):R1-4. 

51. Aspell N, Lawlor B, O’Sullivan M. Is there a role for Vitamin D 
in supporting cognitive function as we age? Proc Nutr Soc. 2018; 
77(2):124-34. 

52. Abadia L, Gaskins AJ, Chiu YH, Williams PL, Keller M, Wright DL, 
et al. Serum 25-hydroxyvitamin D concentrations and treatment 
outcomes of women undergoing assisted reproduction. Am J Clin 
Nutr. 2016;104(3):729-35. 

53. Aleyasin A, Hosseini MA, Mahdavi A, Safdarian L, Fallahi P, 
Mohajeri MR, et al. Predictive value of the level of vitamin D in 
follicular fluid on the outcome of assisted reproductive technology. 
Eur J Obstet Gynecol Reprod Biol. 2011;159(1):132-7. 

54. Rudick B, Ingles S, Chung K, Stanczyk F, Paulson R, Bendikson K. 
Characterizing the influence of vitamin D levels on IVF outcomes. 
Hum Reprod. 2012;27(11):3321-7. 

55. Rudick BJ, Ingles SA, Chung K, Stanczyk FZ, Paulson RJ, Bendikson 
KA. Influence of vitamin D levels on in vitro fertilization outcomes 
in donor-recipient cycles. Fertil Steril. 2014;101(2):447-52. 

56. Yildizhan R, Kurdoglu M, Adali E, Kolusari A, Yildizhan B, Sahin 
HG, et al. Serum 25-hydroxyvitamin D concentrations in obese and 
non-obese women with polycystic ovary syndrome. Arch Gynecol 
Obstet. 2009;280(4):559-63. 

57. Chang EM, Kim YS, Won HJ, Yoon TK, Lee WS. Association 
between sex steroids, ovarian reserve, and vitamin D levels in healthy 
nonobese women. J Clin Endocrinol Metab. 2014;99(7):2526-32. 

58. Lorenzen M, Boisen IM, Mortensen LJ, Lanske B, Juul A, Blomberg 
Jensen M. Reproductive endocrinology of vitamin D. Mol Cell 
Endocrinol. 2017;453:103-12. 

59. Merhi Z, Doswell A, Krebs K, Cipolla M. Vitamin D alters 
genes involved in follicular development and steroidogenesis 
in human cumulus granulosa cells. J Clin Endocrinol Metab. 
2014;99(6):E1137-45. 

60. Merhi ZO, Seifer DB, Weedon J, Adeyemi O, Holman S, Anastos K, 
et al. Circulating vitamin D correlates with serum antimüllerian 
hormone levels in late-reproductive-aged women: Women’s 
interagency HIV study. Fertil Steril. 2012;98(1):228-34. 

61. Drakopoulos P, Van De Vijver A, Schutyser V, Milatovic S, Anckaert E,  
Schiettecatte J, et al. The effect of serum Vitamin D levels on ovarian 
reserve markers: A prospective cross-sectional study. Hum Reprod. 
2017;32(1):208-14. 

62. Neville G, Martyn F, Kilbane M, O’Riordan M, Wingfield M, 
McKenna M, et al. Vitamin D status and fertility outcomes 
during winter among couples undergoing in vitro fertilization/
intracytoplasmic sperm injection. Int J Gynecol Obstet. 2016;135(2): 
172-6. 

63. Sertoglu E, Uyanik M, Kayadibi H. A biochemical view: Vitamin 
D levels do not affect in vitro fertilization outcomes following the 
transfer of euploid blastocysts. Am J Obstet Gynecol. 2015;212(3):411. 

64. Paffoni A, Ferrari S, Viganò P, Pagliardini L, Papaleo E, Candiani 
M, et al. Vitamin D deficiency and infertility: Insights from in vitro 
fertilization cycles. J Clin Endocrinol Metab. 2014;99(11):E2372-6. 

65. Hu KL, Gan K, Wang R, Li W, Wu Q, Zheng B, et al. Vitamin D 
supplementation prior to in vitro fertilisation in women with 
polycystic ovary syndrome: A protocol of a multicentre randomised, 
double-blind, placebo-controlled clinical trial. BMJ Open. 2020; 
10(12):e041409. 

66. Mnallah S, Berjeb KK, Khrouf M, Chtourou S, Elloumi H, Bahri O, 
et al. Impact of vitamin D deficiency on ICSI outcomes. JFIV Reprod 
Med Genet. 2017;5(2). 

67. Gregerson KA. Prolactin: Structure, function, and regulation of 
secretion. Knobil Neill’s Physiol Reprod. 2006:1703-26. 

68. Bole-Feysot C, Goffin V, Edery M, Binart N, Kelly PA. Prolactin 
(PRL) and its receptor: Actions, signal transduction pathways and 
phenotypes observed in PRL receptor knockout mice. Endocr Rev. 
1998;19(3):225-68. 

69. Horseman ND. Prolactin. Berlin: Springer Science & Business Media; 
2012. 

70. Bernichtein S, Touraine P, Goffin V. New concepts in prolactin 
biology. J Endocrinol. 2010;206(1):1-11. 

71. Abed MN, Alassaf FA, Qazzaz ME, Alfahad M, Jasim MHM. Insights 
into the perspective correlation between vitamin D and regulation 
of hormones: Thyroid and Parathyroid Hormones. Clin Rev Bone 
Miner Metab. 2021;1-7. 

72. Cabrera-Reyes EA, Limón-Morales O, Rivero-Segura NA, Camacho-
Arroyo I, Cerbón M. Prolactin function and putative expression in 
the brain. Endocrine. 2017;57(2):199-213. 

73. Phillipps HR, Yip SH, Grattan DR. Patterns of prolactin secretion. 
Mol Cell Endocrinol. 2020;502:110679. 

74. Saki F, Sadeghian F, Kasaee SR, Koohpeyma F, Ranjbar Omrani GH.  
Effect of prolactin and estrogen on the serum level of 1,25-dihydroxy 
vitamin D and FGF23 in female rats. Arch Gynecol Obstet. 2020; 
302(1):265-71. 

75. Haug E, Pedersen JI, Gautvik KM. Effects of vitamin D3 metabolites 
on PRL and GH production in rat pituitary cells. J Steroid Biochem. 
1982;17(3):65-79. 

76. Tornquist K. Effect of 1,25-dihydroxyvitamin D3 on rat pituitary 
prolactin release. Acta Endocrinol (Copenh). 1987;116(4):459-64. 

77. Törnquist K. 1, 25-Dihydroxycholecalciferol enhances both the 
bombesin-induced transient in intracellular free ca2+ and the 
bombesin-induced secretion of prolactin in GH4C1 pituitary cells. 
Endocrinology. 1991;128(4):2175-82. 

78. Welt CK. Patient education: Absent or irregular periods (Beyond 
the Basics); 2020. 



Insights into the perspective correlation between vitamin D and regulation of hormones: sex hormones and prolactin

200 Current Issues in Pharmacy and Medical Sciences

79. Ali M, Mirza L. Morbid obesity due to prolactinoma and significant 
weight loss after dopamine agonist treatment. AACE Clin Case 
Reports. 2021;7(3):204-6. 

80. Wark JD, Tashjian AH. Vitamin D stimulates prolactin synthesis 
by GH4C1 cells incubated in chemically defined medium. 
Endocrinology. 1982;111(5):1755-7. 


