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introduCtion
Recent findings, a number of epidemiologic stud-

ies and clinical trials claim that for normal growth 
and puberty sufficient levels of vitamin D3 are impor-
tant. Various studies investigate the role of vitamin 
D3 and its metabolites in specific reproductive disor-
ders of women and men. It is known, that vitamin 
D3 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 D3 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(OH)2 D3 [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 D3 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 D3 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 D3 may be 
an important factor which triggers normal reproduc-
tive physiology. Unfortunately, the mechanisms by 
which vitamin D3 deficiency affect female fertility and 
reproductive physiology are not yet well investigated 
properly.

There are few studies presenting the association of 
vitamin D3 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) D3 may regulate the reproductive axis by its 
paracrine and/or autocrine activities on it [5]. Walk-
er’s and others research shows that vitamin D3 recep-
tor expression peaks in the hypothalamus during 
the peripubertal period in male rats, suggesting that 
central vitamin D3 signaling may be important for 
pubertal transition [6]. Prepubertal vitamin D3 defi-
ciency, in part, disrupts hypothalamic-pituitary func-
tion. Gezen-Ak and others suggested that vitamin 
D3 regulates expression of L-type voltage-sensitive 
calcium channels and nerve growth factor release in 
the brain [7]. It is possible that vitamin D3 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 D3 deficiency induces 
gonadotropin-resistant atrophic ovaries [9]. 

There are several studies which show that girls with precocious 
puberty had insufficient levels of vitamin D3. 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 D3 
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 D3 deficiency. According to these data Dicken and oth-
ers suggested that peripubertal vitamin D3 deficiency delays pu-
bertal transition and disrupts estrous cyclicity by disrupting hypo-
thalamic-pituitary axis physiology [4]. Therefore it is possible that 
vitamin D3 directly regulates synthesis or release of gonadotropins 
and consequently regulates estrous cyclicity in mice. Even though, 
the relationship between vitamin D3 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 D3 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 

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 D3 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)D3 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 D3 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, it is 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 D3 [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 D3 and its influence on puberty. Consequently, vitamin 
D3 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 D3 may regulate sexual maturation in girls. In the recent 
years emerging data have suggested that vitamin D3 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 D3 status may adversely impact repro-
ductive functions. A key to the normal physiological initiation of 
puberty process is a proper administration of vitamin D3 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 d3 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 d3 and its metabolites in specific reproductive disorders of women and men. all these data 
contribute to intensive research on vitamin d3 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 d3 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 d3 and its influence on puberty through the regulation of the neurohormonal system during sexual maturity. 
Keywords: menarche, vitamin d3, puberty, precocious puberty.
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Статеве дозрівання – це процес, що відбувається в результаті складної серії молекулярних і фізіологічних явищ, кульмінацією якого є здатність організму до репродукції. Активне виділення 
гонадоліберину із спеціалізованих нейронів гіпоталамуса започатковує каскад гормональних процесів, які, в свою чергу, призводять до активації гонад і тим самим дають поштовх анатомо-
фізіологічним змінам організму в період пубертату. Епідеміологічні дані та численні клінічні дослідження вказують на те, що відповідний рівень вітаміну d3 має велике значення для нормального 
фізіологічного росту, розвитку і статевого дозрівання,  діючи шляхом активації нейрогормональної мультисистеми в гіпоталамо-гіпофізарно-гонадній осі. Останні дослідження вивчають роль 
вітаміну d3 і його метаболітів в конкретних порушеннях репродуктивного здоров'я жінок і чоловіків. Дослідження вітаміну d3 і його рецептора довели його потенційний вплив на патогенез численних 
захворювань, не пов’язаних із класичною дією вітаміну d3 – таких як цукровий діабет, ожиріння, рак та інші. Чисельність осіб із дефіцитом вітаміну d3 в багатьох частинах світу в останні кілька років 
зросла, через що активізувалися медичні дослідження з цієї теми. Проте дані про вплив вітаміну d3  на процес статевого дозрівання у дівчаток залишаються недостатньо вивченими. Дана стаття 
представляє ряд світових досліджень, що описують вплив вітаміну d3 на регуляцію нейрогормональної системи в період статевого дозрівання. 
Ключові слова: менархе, вітамін d3, пубертат, передчасний статевий розвиток.
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Половое созревание – это процесс, осуществляющийся в результате сложной серии молекулярных и физиологических явлений, кульминацией которого является способность 
организма к репродукции. Активное выделение гонадолиберина из специализированных нейронов гипоталамуса начинает каскад гормональных процессов, которые, в 
свою очередь, приводят к активации гонад и тем самым дают толчок анатомо-физиологическим изменениям организма в период пубертата. Эпидемиологические данные и 
многочисленные клинические исследования указывают на то, что соответствующий уровень витамина d3 имеет большое значение для нормального физиологического роста, 
развития и полового созревания, действуя путем активации нейрогормональной мультисистемы в гипоталамо-гипофизарно-гонадной оси. Последние исследования изучают роль 
витамина d3 и его метаболитов в конкретных нарушениях репродуктивного здоровья женщин и мужчин. Исследование витамина d3 и его рецептора доказали его потенциальное 
влияние на патогенез многочисленных заболеваний, связанных с классическим действием витамина d3 – таких как сахарный диабет, ожирение, рак и другие. Численность лиц 
с дефицитом витамина d3 во многих странах мира в последние несколько лет увеличилась, вследствие чего активизировались медицинские исследования по этой теме. Тем не 
менее, данные о влиянии витамина d3 на процесс полового созревания у девочек остаются недостаточно изученными. Данная статья представляет ряд мировых исследований, 
описывающих влияние витамина d3 на регуляцию нейрогормональной системы в период полового созревания.
Ключевые слова: менархе, витамин d3, пубертат, преждевременное половое развитие.
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