INTRODUCTION

Recent findings, a number of epidemiologic stud-
ies and clinical trials claim that for normal growth
and puberty sufficient levels of vitamin D, are impor-
tant. Various studies investigate the role of vitamin
D, and its metabolites in specific reproductive disor-
ders of women and men. It is known, that vitamin
D, modulates reproductive function in both women
and men.

Vitamin D deficiency has been associated with
chronic diseases, such as diabetes mellitus, certain
types of cancer, neurologic disorders, cardiovascular
risk, obesity and autoimmune diseases [1]. Neverthe-
less, data on the vitamin D status and its association
with puberty and its disorders in girls are constrained.
This paper is aimed to investigate the link between
vitamin D, and puberty transition in girls. Vitamin D
plays a key role in bone metabolism, maintaining of
calcium homeostasis by intestinal and renal calcium
absorption [1]. Majority of the effects of vitamin D are
mediated by the vitamin D receptor (VDR), which is
the only protein that binds 1,25(0H)* D, [1]. The VDR
is expressed in almost all body cells, such as immune
cells, as well as ovary, testis, mammary gland, uterus,
central nervous system cells and others [1]. All these
data lead to extensive research on vitamin D, and
its receptor as a potential influencing factor in the
pathogenesis of a large number diseases, including
infectious and autoimmune diseases, obesity, can-
cer, puberty disorders and infertility, connected with
nonclassical function of this vitamin [1]. In the last few
years, the prevalence of vitamin D, deficiency has in-
creased in many parts of the world, what has caused
an increasing number of medical research on the sub-
ject. Recent studies suggest that vitamin D, may be
an important factor which triggers normal reproduc-
tive physiology. Unfortunately, the mechanisms by
which vitamin D, deficiency affect female fertility and
reproductive physiology are not yet well investigated

properly.
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MENARCHE, PUBERTY AND VITAMIN D

There are few studies presenting the association of
vitamin D, status and sexual maturation.

VITAMIN D AND HYPOTHALAMIC-PITUITARY -

GONADAL AXIS

Puberty is the development process - the result of
a complex series of molecular and physiological that
culminates in reproductive capability. Puberty gen-
erally begins between the ages of 10 and 14 among
girls. Boys undergo this period later, usually between
12 to 16 years of age. Gonadotropin-releasing hor-
mone (GnRH) actively released from specialized
neurons of the hypothalamus initiates the hormonal
cascade, which causes activation of gonads and in
that way physical changes of puberty. Puberty de-
pends upon well coordinated interactions among all
components of the hypothalamic-pituitary-gonadal
axis. There are several factors which have an influ-
ence on the activation of the hypothalamus to trig-
ger puberty transition [2]. Dynamic changes in glial-
neuron interactions, and trans-synaptic changes in
afferent gluttamatergic, kisspeptinergic and GABA-
ergic neurons have influence on GnRH neurons [3].
These changes may induce sustained GnRh peptide
release and activation of the pituitary-gonadal axis
[4]. Cyp27b1 and VDR are highly expressed in the
hypothalamus [5]. Except this, Cyp27b1 and VDR are
found in the pituitary and gonads that suggests, that
1,25(OH) D, may regulate the reproductive axis by its
paracrine and/or autocrine activities on it [5]. Walk-
er’s and others research shows that vitamin D, recep-
tor expression peaks in the hypothalamus during
the peripubertal period in male rats, suggesting that
central vitamin D, signaling may be important for
pubertal transition [6]. Prepubertal vitamin D, defi-
ciency, in part, disrupts hypothalamic-pituitary func-
tion. Gezen-Ak and others suggested that vitamin
D, regulates expression of L-type voltage-sensitive
calcium channels and nerve growth factor release in
the brain [7]. It is possible that vitamin D, deficiency
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disrupts L-type voltage-sensitive calcium channel expression sys-
tems critical for peripubertal GnRH neuronal activation [8]. Studies
in VDR null female mice suggest that vitamin D, deficiency induces
gonadotropin-resistant atrophic ovaries [9].

There are several studies which show that girls with precocious
puberty had insufficient levels of vitamin D,. Precocious puberty
is diagnosed in girls when sexual development begins before the
age of 8, in boys, it is diagnosed when these changes occur be-
fore the age of 9. Dicken and others in their study demonstrated
another finding, which demonstrates that peripubertal vitamin D,
deficiency delays puberty and causes prolonged estrous cycles in
mice, which were characterized by extended periods of diestrus
and reduced frequency of proestrus and estrus. Moreover, these
estrous cycles could be normalized in young adults by correcting
the vitamin D, deficiency. According to these data Dicken and oth-
ers suggested that peripubertal vitamin D, deficiency delays pu-
bertal transition and disrupts estrous cyclicity by disrupting hypo-
thalamic-pituitary axis physiology [4]. Therefore it is possible that
vitamin D, directly regulates synthesis or release of gonadotropins
and consequently regulates estrous cyclicity in mice. Even though,
the relationship between vitamin D, deficiency and early puberty
remains unclear.

AGE OF MENARCHE AND VITAMIN D

The first menstrual period, menarche, is one of the most signifi-
cant milestones in a woman’s life. The age at menarche is an im-
portant anthropological variant which may influence the overall
duration of tissue oestrogen exposure and then affect woman's
health in later life [10].

Age at menarche is known to be regulated by genetic and en-
vironmental factors [11]. The timing of menarche is genetically
determined [12]. Early menarche is related to increased risk of ad-
verse health outcomes during adulthood including obesity, type
2 diabetes, cardiovascular disease and breast and endometrial
cancers [13, 14]. In addition, early menarche has been associated
with behavioral and psychosocial risk factors during adolescence,
such as alcohol consumption and smoking, early sexual debut,
and teenage pregnancy [15]. Modification of these factors might
contribute to decreased risk of adverse health outcomes related
to early menarche [16]. Grivas investigated that girls who lived
at higher latitudes appeared to have earlier initiations of menses
than girls who live closer to the equator [17]. Although it might be
explained by differences in temperature, light-darkness rhythms,
and socioeconomic conditions, it also corresponds with a geo-
graphic gradient in sun exposure that, in some regions, coincided
with vitamin D status [17]. Vitamin D, deficiency is associated with
the development of adiposity in children and childhood obesity
could be a risk factor for early puberty, thus, vitamin D might play
a role in the timing of puberty [18]. Childhood obesity could lead

REFERENCES

1. Lee,H.S. Kim,Y.J., Shim,YS., Jeong, H.R., Kwon, E., Hwang, J.S.

"Associations between serum vitamin D levels and precocious puberty in girls.” Ann Pediatr Endocrinol

Metab, 19(2) (2014):91-95.

2. Divall, S.A., Radovick, S.

“Pubertal development and menarche.” Ann NY Acad Sci, 1135(2008): 19-28.

3. Herbison, A.E.,, Moenter, S.M.

“Depolarising and hyperpolarising actions of GABA(A) receptor activation on gonadotropin-

releasing hormone neuron requirements for puberty, ovulation, and fertility.” Endocrinology,
149(2) (2008): 597-604.

4 8 PeripogyKTvBHa eHAOKPUHONOr IS

ISSN 2309-4117

to accelerated sexual maturation [19]. The association between vi-
tamin D status and age at menarche could have been confounded
by the age or adiposity level, because vitamin D could have been
redistributed from blood into adipose tissue as a hydrophobic
compound that's why and adiposity may have an independent risk
factor for early menarche [20, 21]. So this way, vitamin D, status
could indirectly affect the age at menarche by its effect on obesity
[22]. In cohort study of school-age girls, vitamin D deficiency was
associated with the early onset of menses. The difference in the
estimated mean age at menarche between vitamin D-sufficient
and vitamin D-deficient girls in the research was almost 1 year
[16]. Some studies in mice and humans indicated that increases
in leptin resulted in early puberty [23]. 25(OH)D, is inversely corre-
lated with leptin concentrations. It is unknown that the expression
of leptin or other hormones from adipose tissue would change
in response to vitamin D, supplementation [16]. The other pos-
sible mechanism was that vitamin D had inverse correlation with
insulin-like growth factor-1 (IGF-1) [1]. IGF-1 modulates the onset
of puberty and pubertal progression by stimulating the GnRH [1].
So, itis conceivable that vitamin D-mediated effects may influence
IGF-1 levels and pubertal onset through an effect on gonadotropin
and sex hormone [1]. Villamor and others followed a cohort of 242
healthy girls (age 5-12 years) for a median of 30 months and found
that vitamin D deficient girls have an earlier initiation of menstrua-
tion than girls with sufficient vitamin D, [16]. There could be other
biological mechanisms involved in the association of vitamin D
deficiency with early menarche that are independent of obesity.
Early menarche and vitamin D deficiency are both associated with
poor health outcomes, and further exploration of their association
is important for women'’s health [2].

CONCLUSION

In conclusion, this paper was written to show different studies
on vitamin D, and its influence on puberty. Consequently, vitamin
D, deficiency was more common in girls with central precocious
puberty than girls with normal sexual maturation. Although the
mechanism of vitamin D deficiency’s effect on pubertal progres-
sion is unclear and not yet well understood. We suggest that vi-
tamin D, may regulate sexual maturation in girls. In the recent
years emerging data have suggested that vitamin D, is not only
important for the maintenance of bone health and for calcium and
phosphate homeostasis, but also has an influence on neurohor-
monal regulatory multisystem effects, that can modulate health
outcomes in women. Nevertheless, a lot of investigations suggest
that an individual’s vitamin D, status may adversely impact repro-
ductive functions. A key to the normal physiological initiation of
puberty process is a proper administration of vitamin D, supple-
mentation which could be an effective strategy to improve repro-
ductive health in the group of adolescent girls.
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Puberty is the development process - result of a complex series of molecular and physiological events, culminating in reproductive capability. Gonadotropin-releasing hormone actively released
from specialized neurons of the hypothalamus stimulates gonadal activation and triggers physical changes of puberty through initiation of the hormonal cascade. Epidemiologic studies and
numerous clinical trials claim that sufficient levels of vitamin D, are essential for normal physiological growth, development and puberty, by activation of the neurohormonal multisystem in
the hypothalamus-pituitary-gonadal axis. Various scientific studies investigate the role of vitamin D, and its metabolites in specific reproductive disorders of women and men. All these data
contribute to intensive research on vitamin D, and its receptor as a potential factor, affecting the pathogenesis of a numerous diseases, connected with its non-classical function, such as diabetes,
obesity, cancer, puberty disorders and infertility. In the last decade, the prevalence of vitamin D, deficiency has been increasing in many parts of the world, that has caused an increasing number
of medical research on the subject. Nevertheless, data on the vitamin D status and its association with puberty in girls are constrained. This paper was written to present different studies on
vitamin D, and its influence on puberty through the regulation of the neurohormonal system during sexual maturity.
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MEHAPXE, NYBEPTAT | BITAMIH D

E.0. YaiikiBcbKa, AOLEHT kadeapu akyLuepcTBa, riekonorii i nepunatonorii akynsrety nicnagunnomuoi ocgitv IHMY im. laHuna fanuwbKoro, ronoBHiA no3aLuTatHuii cnewyianict 3 AuTAuol

Ta NiAniTKoBOI riHekonorii [IbBiBCbKOI 06macTi

(TaTeBe A03piBaHHA — Lie NPOLLEC, LLIO BiAOYBAETLCA B pe3ysibrari CKnazgHoi cepii MonekynapHuX i ¢isionoriunux ABYLL, KynbMiHaLlieto AKOro € 31aTHICTb OpraHi3my 10 penpoayKLii. AKTBHe BIAineHHA
TOHazonibepyHy i3 cneLiani3oBaHIX HEIPOHIB rinoTanamyca 3anoyaTKoBYe Kackafi FOPMOHANbHYX MPOLLECIB, AKi, B (BOIO Yepry, NPU3BOLATb 40 aKTUBALYT FOHAZ i TMIM CAMVIM /3aK0Tb MOLLITOBX aHATOMO-
disionoriuHm 3miHam oprani3my B nepion nybeprary. Eninemionoriui Aaki Ta nCTeHHi KNIHIYHi AOCTIKEHHS BKa3yioTb Ha Te, LU0 BIANOBIAHWY piBetb BiTaMiy D, Mae BENIMKe 3Ha4eHHs A1A HOPMATbHOT0
i3i0noriyHoro Ty, po3BUTKY i CTaTeBO0 403piBaHH, Ait0UM LLNAXOM aKTIBALYi HEiAPOropMOHaIbHOT MYNIETUCUCTEMIA B FinoTanamo-TinodizapHo-roHaaHiii oci. OcTaHHi ZOCTIZKEHHA BIBYAKOTL Porib
BiTaMiHy D, i 10ro MeTa60AITiB B KOHKPETHUX MIOPYLLIEHHSX PENPOlYKTUBHOTO 30POB'A XIHOK i Y0M0BiKiB. locifKeHHA BiTamity D, i vioro pewjenopa A0Be/t 4010 MOTEHLiiAHWIA BIUIUB Ha NATOTEHe3 YCTEHHIX
3aXBOPIOBAHb, HE MOB'A3aHIX i3 KNACUUHOI0 fieto BiTamiHy D, — TakitX AK LlyKpOBHiA fiabeT, 0XPIHHA, PaK Ta iHLLi. YcenbHicTb 0ci6 i3 Aedilyutom BiTamiHy D, B 6araTbox YacTuHax CBITY B OCTaHH Kiflbka pokiB
3p0CNa, YePe3 LU0 aKTUBI3YBANCA MeAWYHI BOCTIKeHHA 3 Liei Temu. [TpoTe Aawi npo BMB BiTamity D, Ha npoLec CTaTeBoro A03piBaHks Y AIBYTOK 3AMLUAIOTHCA HEAOCTATHbO BIBYEHNMM. [laHa CTaTTs
MPEACTABAISIE PSR CBITOBYIX AOCTAKEHb, LU0 ONIMCYHOTb BB BiTamiHy D, Ha perynALito HelporopMOoHabHOi CUCTEMM B NIEPIOf CTATEBOT0 403PiBaHH.

KniouoBi cnoBa: Meapxe, BiTamin D,, ny6eprar, nepeqyacHyii crateBuii po3suTok.
MEHAPXE, NYBEPTAT U BUTAMUH D

3.0. YaitkuBcka, foLeHT Kadeapbl akyLLIEPCTBa, TMHEKONOrM v NepuHaTonoruy dakynbsTeTa nocnesunaomHoro o6pasosanua IHMY um. laHuna [anuukoro, rasHbIii BHELLTATHbIN

CMeumanincT no AeTckom n HOﬂpO(TKOBOVI riHeKonorun JIbBOBCKoiA 06nacTu

[Tonooe (03peBaHne — 310 NpoLece, OcyLI.IECTBHHIOU.I,MVICH B pe3ynbrare CNOXHON CEpUN MONEKYNAPHDIX 1 ¢M3I/IOJ'IOFWI€(KI/IX ABJIEHWIA, KyﬂbMI/IHaLlVIeVI KOTOPOro ABNAETCA nocobHoCTb
OpraHu3ma K penpozykuuu. AKTVBHOE BblJeneHne rouanonvlﬁepuua 13 Cneuyranin3npoBaHHbIX H9I7Ip0HOB runoTanamyca HauliHaet KackaZy ropMOHaJIbHbIX MPOLIECCOB, KOTOPbIE, B
(BOK0 0uepenb, NpUBOAAT K aKTUBALINW TOHAZ 11 TEM CaMbIM Jal0T TOJTYO0K aHaTOMO-¢I/I3VIO]10rVN€CKMM VU3MEHEHNAM OpraH13ma B nepnuoa ny6epTaTa. Jnuaemmnonornyeckine faHHble i
MHOrOYUCNEHHBIE KNMHNYECKINE NCCNEA0BAHNA YKa3bIBAKT Ha TO, 4TO COOTBET(TB)’IOLUVII?I YPOBEHb BUTaMIHA D3 UMeeT 60NbLLO0e 3HaueHue Ans HOpMaJibHOro ¢I/I3I/IOHOFVNECKOF0 pocTa,
Pa3BUTUA 11 NONIOBOT0 CO3peBaHNA, AEVI(TByﬂ nyTem akTuUBaLun HEVIpOFOpMOHaJ’IbHOI;I MYNbTUCUCTEMbI B rv|nOTanaMo-rmnod)uaapuo-rouanuoﬁ ocu. [TocnesHue uccnegoBaHna 13y4aloT posib
BUTaMIHa 03 11 €70 MeTabonnToB B KOHKPETHbIX HapyLIeHUAX PenpoAyKTUBHOIO 340P0BbA XKEHLLWH 11 MYXUNH. llccnenoBanme ButammHa D3 W ero pewientopa AoKa3anii ero noteHLanbHoe
BNUAHME HA NaTOTeHe3 MHOrOUMCEHHbIX 3a00/1€BaHMIA, CBA3AHHBIX C KNACCUYeCKUM AeliCTBUEM BUTaMUHA D3 — TaKnX Kak caxaprM naber, O0XWpeHue, pak n apyrue. YncnenHocts nuy
C ﬂ€¢MuMTOM BUTaMUHa D3 BO MHOTUX CTpaHax MUpa B nocieaHue HeCKoNbKo NET yBennunnacb, BCIEACTBIUE YEro akTUBU3UPOBANNCh MeaULMHCKNE UCCNEA0BAHNA NO 370l Teme. Tem He
MeHee, IaHHble 0 BNUAHUN BUTAMWHA 03 Ha NpoLecc nosoBoro Co3peBaHnaA y AeBoY€EK 0CTalOTCA HEA0CTATOUHO U3YUYEHHBIMNA. [JlaHHas cTaTba npeAcTaBiAeT paa MUpOBbIX CCNef0BaHNiA,
OMUCbIBAKOLLX BNNAHNE BUTAMUHA 03 Ha perynauuo HEVIpOFOpMOHaﬂbHOI?I CNCTeMbI B Nepro noaoBoro Co3peBaHunA.

KnioueBble cnosa: merapxe, BuTamut D,, nybeprar, npexieBpemenHoe nonosoe passutye.
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