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Abstract

Vitamin D deficiency is a common medical problem worldwide and its prevalence rises along with lati-
tude, obesity, sedentary lifestyle, limited sunlight exposure and aging. A great body of evidence has shown
that patients with vitamin D deficiency have increased cardiovascular risks and total mortality. Conversely, the
presence of comorbidities progressive with age such as abdominal obesity, insulin resistance, type 2 diabetes
and hypertension places the patients at an increased risk of vitamin D deficiency. The multidirectional effect of
vitamin D deficiency is present in different phases of the aging process. Based on the literature review, the risk
factors for vitamin D insufficiency most often found in post-menopausal women include limited sun exposure
and time spent outdoors, inadequate dietary vitamin D intake, winter season and increased age. Vitamin D sup-
plementation in this group might offer prevention of falls and fractures and may be beneficial for cardiovascular
health, what may be especially important in osteoporotic and elderly populations. Prevention and treatment
processes involve education regarding sunlight exposure and pharmacological cholecalciferol supplementation
according to the recommendations for Central Europe. This manuscript reviews the role of vitamin D and its
deficiency and considers their clinical implications, with particular regard to peri- and postmenopausal women.
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Introduction

In recent years, vitamin D (VD), a group of ster-
oid compounds, has become of great interest due to
many studies which have revealed its role far beyond
bone metabolism. Through decades VD was considered
a vitamin but nowadays it has emerged as an active
hormone exerting its action as a transcription fac-
tor regulating the expression of numerous genes [1].
The presence of specific VD receptors (VDR) outside the
skeletal system, enterocytes and renal tubular cells was
confirmed in many cell types including immune cells,
neurons, pancreatic cells, myocytes, cardiomyocytes,
endothelium cells, which stress pleiotropic activity of
VD. There is a great body of evidence confirming that
apart from its well-known function in calcium-phos-
phate homeostasis, VD also exerts many non-calcemic
actions in various tissues and systems. Vitamin D defi-
ciency has been linked with significant complications
such as cardiovascular events, obesity, metabolic syn-
drome, type 2 diabetes, various types of cancer, im-
mune disorders, increased mortality and adverse preg-
nancy outcomes [2-4].

Currently, VD deficiency is considered a public
health problem worldwide and its prevalence rises
along with latitude, aging, sedentary lifestyle and lim-

ited sunlight exposure due to staying indoors or using
sunscreen products. Furthermore, an increasing epi-
demic of obesity, which results in sequestration of VD
in adipose tissue, also contributes to an increased risk
of VD deficiency [2, 5].

This manuscript reviews clinical implications of VD
deficiency, its prevention and treatment, with particular
regard to peri- and postmenopausal women.

Vitamin D metabolism

There are three ways to maintain adequate VD
status: sunshine exposure, dietary intake and phar-
maceutical supplementation. The major source of VD
is its skin synthesis under the influence of solar ultra-
violet B (UV-B) radiation which accounts for 80-90%
of VD in humans [1]. In comparison to skin synthesis,
the dietary supply of VD is minor and amounts only to
10-20% of total VD, however, it can become a signifi-
cant source of VD if enriched with supplementation [1].
There are two types of physiologically important vita-
mins D: cholecalciferol (VD,) mainly synthesized in the
skin from 7-dehydrocholesterol upon exposure to UV-B
and ergocalciferol (VD,) obtained from diet. In the liver,
VD is metabolized to 25-hydroxyvitamin D-25(OH)D by
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VD 25-hydroxylase (25-OHase) and further circulates to
the kidneys where it undergoes a second hydroxylation
by 25-hydroxyvitamin D-lahydroxylase (laOHase) to
the biologically active form of VD - 1,25(0H),D (calci-
triol). The hydroxylation of VD in a position la is the
key regulatory step in the bioactivation of VD and en-
zyme action in the kidneys is tightly controlled by nu-
merous factors including serum parathormone (PTH),
calcium, phosphate and various hormones such as
estrogens, androgens, growth hormone, prolactin, thy-
roxin, cortisol and insulin [1]. The best indicator of the
overall VD status is serum 25(0OH)D concentration due
to its long half-life (1-3 months) and metabolism which
reflects total VD from dietary intake and sunlight ex-
posure [6]. Although 1,25(0H),D is more potent than
25(0OH)D and has greater affinity to VDR it should never
be used to determine VD status. This compound is pres-
ent in circulation in a much lower concentration than
25(0OH)D and has very short half-life (< 4 hours). Fur-
thermore, the 1,25(0H),D level may remain within the
reference range or may even be elevated in the course
of VD deficiency or secondary hyperparathyroidism [7].
The active form of VD combines with VDR and it has
been established that VDRs are expressed in numerous
tissues and cells. Accumulating evidence has shown
that approximately 3% of the human genome may be
regulated by VD, which indicates that VD deficiency is
associated with significant clinical consequences [8].
The main causes of VD deficiency are limited skin
synthesis due to inadequate sunlight exposure caused
by sunscreen products overuse or limited outdoor ac-
tivity as well as a low dietary intake of VD rich foods
and many other factors such as aging, pigmented skin,
smoking, obesity, air pollution, malabsorption and re-
duced synthesis due to liver or kidney diseases [7].

Diagnostic criteria of vitamin D deficiency

Serum 25(0OH)D concentration is the best param-
eter to assess the overall VD status [9]. Current Inter-
national Osteoporosis Foundation Guidelines recom-
mended a target level of 30 ng/ml, which is associated
with maximal suppression of PTH [9]. The diagnostic
criteria of VD status are presented in Table I. There are
several commercial assays available for the assessment
of 25(0H)D which produce reliable results, but have
notable bias in comparison with the reference HPLC
method. It is worth knowing that the variation between
laboratories may be as high as 30%. Liquid chromatog-

Tab. I. Diagnostic criteria of vitamin D status [10]

raphy tandem mass spectroscopy (LC-MS) is considered
the gold standard for the evaluation of VD status, due
to commercially available methods such as RIA, ELISA,
chemiluminescence assay may not measure all circulat-
ing forms of VD [11, 12].

Vitamin D and obesity

The link between obesity and VD deficiency has
been observed for years but determining the cause and
effect has been difficult. Vimaleswaran et al. suggested
that a higher BMI leads to a lower VD status whereas
the effects of low VD status on BMI are likely to be mar-
ginal. In other words, these findings provide evidence
for obesity as the causal factor for the development of
VD deficiency but there is no proof that VD deficien-
cy serves as the causal factor for the development of
obesity [13]. Nonetheless, experimental studies have
demonstrated that 1,25(0H),D, plays an active role in
adipose tissue by modulating inflammation, adipogen-
esis and adipocyte secretion as the key component of
metabolic disorders e.g. in the metabolic syndrome [14].
A large study of the genetics underpinning both con-
ditions finds that obesity may decrease VD levels but
a predisposition to VD deficiency does not in fact lead
to obesity. The findings also suggest that increasing VD
levels will not reverse obesity. The fundamental mecha-
nism that would explain why obesity suppresses VD is
still discussed. Since VD is fat soluble, some scientists
had assumed that it was sequestered in fatty tissues. If
this was the case, less VD would reach the bloodstream.
Nevertheless, while the vitamin is indeed stored in the
adipose tissue, there is no evidence for sequestration
of supplemental or endogenous cholecalciferol. Dilu-
tion of ingested or cutaneously synthesized VD in the
large adipose tissue of obese patients fully explains
their typically low VD status [15]. Therefore, the pa-
tients with BMI over 30 may require higher or more
frequent doses of VD [16]. Nonetheless, Mason et al.
found that vitamin D, supplementation during weight
loss did not translate into higher body mass reduction
or associated factors as compared with placebo, how-
ever, women who became replete experienced greater
improvements [17].

Vitamin D and diabetes risk

Previous studies have yielded contradictory find-
ings on the relationship between low VD and impaired

Severe deficiency Deficiency Insufficiency Optlmal' Risk of toxicity
concentration
25(0H)D, concentration 0-10 10-20 20-30 30-80 > 100

(ng/ml)
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glucose homeostasis. However, calcium is necessary
to secrete insulin, which indirectly suggests that VD
may in fact contribute to maintaining insulin secretion.
Among the disorders linking VD deficiency to hypergly-
cemia we can find type 1 (TIDM), type 2 diabetes mel-
litus (T2DM) and metabolic syndrome. Type 1 diabetes
mellitus and T2DM patients have a higher incidence of
VD deficiency in comparison to the healthy population.
The insulin-producing B-cells as well as numerous cell
types of the immune system express VDR and vitamin
D-binding protein and some allelic variations in genes
involved in VD metabolism. What is more, its receptors
are linked with glucose intolerance, insulin secretion
and sensitivity as well as inflammation [18]. In the case
of TIDM, VD supplementation in pre-diabetic individu-
als could help prevent or at least reduce the onset of au-
toimmune processes possibly by regulating thymic se-
lection of the T-cell repertoire, decreasing the numbers
of auto-reactive T cells and inducing Treg cells. Although
immune modulation is widely discussed in the treat-
ment of TIDM, it is also relevant in T2DM [19]. What is
more, pharmacologic doses of 1,25-dihydroxyvitamin D
(1,25(OH) D) prevent insulitis and TIDM in non-obese
diabetic mice and other models of TIDM. The possible
reason behind this process may be immune modula-
tion as well as direct effects on B-cell function [19, 20].
Normal VD levels in the mother, and consequently in
the fetus, decrease the risk of TIDM development in
the child. The risk rises when maternal VD deficien-
cy occurs in the second trimester as at this time i.e.
around the 12% week pancreatic B-cells are formed;
while insulin secretion begins in the 20" week of gesta-
tion. For that reason the mother should begin VD sup-
plementation in the second trimester of gestation at
the latest [21]. So far VD insufficiency has been known
to serve as a TIDM risk factor, however, a growing body
of evidence has pointed to its role in T2DM develop-
ment. Vitamin D ameliorates the harmful biochemical
impact of T2DM, possibly by increasing insulin secre-
tion and sensitivity, improving the B-cell function, and
decreasing the number of pro-inflammatory cytokines
and insulin resistance [22]. Teegarden et al. confirmed
that VD — or its active metabolite 1,25-dihydroxyvita-
min D (1,25(0H),D) — improves insulin sensitivity even
in patients with glucose metabolism parameters with
normal ranges. The proposed mechanisms possibly
underlying this effect include potential relationships
with improvements in lean mass, regulation of insulin
release, altered insulin receptor expression and specific
effects on insulin action [23]. Kramer et al. recognized
VD deficiency and insufficiency with increased PTH is an
independent predictor of such disorders as B-cell dys-
function, insulin resistance, and glycemia. The authors
highlighted the need to consider the PTH/25-OH-D
axis when studying the impact of VD status on glu-
cose homeostasis [24]. Cho et al. showed VD 25(0H)D

< 20 ng/ml deficiency in 85% of pregnant women with
GDM and only in one out of every four pregnant women
25(0H)D deficiency in the first trimester was an inde-
pendent risk factor for GDM and insulin resistance in
the second trimester [25, 26]. Vitamin D deficiency is
linked not only with the risk of GDM but also with the
prevalence of eclampsia, anemia or infections during
gestation. It also affects the term of delivery and the
birth weight [27]. Vitamin D supplementation improves
insulin sensitivity and glucose tolerance; however, it
has not been proven that it helps to prevent GMD [28].

Vitamin D and cardiovascular disease

Accumulating data suggest that VD may play a vital
role for cardiovascular disease (CVD). The first evidence
of the possible link between solar UV radiation and car-
diovascular mortality showing an inverse relationship
between these phenomena was reported in 1981 [29].
The expression of VDR and enzymes for vitamin D me-
tabolism has been identified in the vascular system as
well as in the heart. It has been reported that VDR knock-
out mice suffer from cardiovascular disease and even se-
lective VDR deletion in cardiomyocytes causes myocardi-
al hypertrophy and exacerbates endothelial dysfunction
[30, 31]. Many observational studies confirmed the as-
sociation of low VD status with a higher incidence of car-
diovascular events and mortality. Zitterman et al. indi-
cated a nonlinear decline in overall mortality as 25(0H)D
concentrations increase [32]. Furthermore, low 25(0OH)D
concentrations have been reported as an independent
risk factor for cardiovascular events, in particular for sud-
den cardiac deaths [33]. Vitamin D deficiency has been
believed to be involved in insulin resistance, type 2 dia-
betes, and an adverse lipid profile [34].

Bjelakovic et al. in their meta-analysis evaluated the
benefits and harms of vitamin D supplementation used
in primary and secondary prophylaxis of mortality. They
concluded that VD seemed to decrease mortality in el-
derly people [35]. However, some data have provided
contradictory results. Ho et al. did not confirm that low
VD is a significant risk factor for the presence of either
calcific atherosclerosis or obstructive coronary artery
stenosis [36]. Available evidence on the effects of VD
on CVD has also been inconclusive. Gepner et al. failed
to confirm the improvements in central blood pressure
parameters or arterial stiffness in healthy postmeno-
pausal women during VD supplementation [37]. Other
researchers also reported no effect of VD supplementa-
tion on the cardiovascular risk factors [38, 39].

Although, there is a great body of evidence that VD
status may influence the risk of cardiovascular disease,
final confirmation of a causal relationship between VD
and the cardiovascular risk is still lacking. It is necessary
to perform large randomized controlled supplementa-
tion trials with VD in specific risk groups to clarify the
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role of VD in cardiovascular events. Currently available
RCTs on this topic are frequently limited by the addi-
tional supplementation of calcium which may increase
the risk of CVD events. At present, the data are not suf-
ficient for general recommendations to supplement VD
in order to prevent and treat CVD [39].

Vitamin D in the carcinogenesis

The non-classical effects of VD, namely anti-prolif-
eration, pro-differentiation, immune function modula-
tion, and anti-inflammation, have been widely debated
for the past decade. In particular, a lot of attention has
been paid to the potential of VD analogs alone or in
combination with other anticancer agents in the treat-
ment of a variety of cancers. The relationship between
VD status and the higher incidence of many types of
cancer has suggested that VD may play a role in the
etiology of these forms of cancer. Based on the present
findings, 10,25(0H),D may have functions beyond its
well-known action on calcium homeostasis and bone
mineralization. The results of many studies have cor-
roborated the fact that 1a,25(0H),D exhibits anti-
proliferative, pro-differentiating, anti-inflammatory,
and pro-apoptotic functions in a tissue- and cell-spe-
cific manner. What is more, it has been shown to have
a growth inhibitory effect on prostate, colon, breast,
lung, liver and pancreatic cancer cells which express
VDR [40]. The link between VD and breast mammo-
graphic density is a controversial problem. Heo et al.
analyzed the correlation between 25-hydroxyvitamin D
(25(CH)D) level and mammographic density in healthy
pre- and postmenopausal women. The results of this
study showed no significant associations between se-
rum 25(0OH)D and breast density [41]. Green et al. found
no evidence of a correlation between plasma levels VD
and mammographic density after menopause but their
study suggested that high mammographic density and
low plasma 25(OH)D level had four times greater risk
of breast cancer than low mammographic density and
high serum VD [42]. In the Women’s Health Initiative
Calcium and Vitamin D trial the authors observed no
effect of VD and calcium supplementation on mam-
mographic density after one year follow-up [43]. Epi-
demiological studies have suggested that low VD levels
are associated with an increased risk of breast cancer.
Vitamin D receptor is a crucial mediator for the cellular
effects of VD. A molecular-based epidemiological study
has identified several VDR genes and the overall data
showed that the Fokl and Bsml gene polymorphisms
significantly correlate with an increased risk of ovarian
and breast cancers. Mun et al. claimed that VDR poly-
morphisms may be potential risk factors for ovarian and
breast cancers. The researchers implicate that in future
studies VDR genetic variation should be integrated also
with a pre-diagnostic indicator of VD status [44]. Both
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population and laboratory studies conducted on Polish
female patients suffering from breast cancer have cor-
roborated the important role of VD in the prevention
of this disorder. An appropriate dietary intake and VD
supplementation is a simple, safe and cost-effective
method of reducing the risk of breast cancer develop-
ment and should be recommended. The vital role of this
vitamin has also been found in carcinogenesis of the
ovarian cancer [45].

Vitamin D and menopausal period

The decrease in estrogens function observed dur-
ing menopause, results in increased bone metabolism,
a decrease in bone mineral density and the related
elevated fracture risk. Furthermore, weight gain, de-
creased lean body mass and increased visceral fat tis-
sue affect most women after menopause what places
this group of patients at an increased risk of metabolic
and cardiovascular disease. It has been well established
that obesity is associated with VD deficiency [46]. This
observation gives rise to the question whether VD defi-
ciency is caused by obesity or obesity is a consequence
of low VD levels. The data from the research suggest
that rather obesity leads to VD deficiency, while the
opposite connection seems not to be significant [47].
It has been reported that lower skin VD synthesis is
observed with aging and even a similar exposure to
solar radiation in elderly patients produces up to 75%
less VD in comparison to young adults [48]. According
to Gaugris et al.,, the prevalence of low VD levels ap-
pears to be high in post-menopausal women, especially
in those with osteoporosis and history of fracture [49].
Furthermore, PTH levels are higher in the elderly than in
younger people at similar serum 25(0H)D levels, which
may adversely affect the bone metabolism [50]. Addi-
tionally, the decline of estrogens after menopause de-
creases the activity of 1a-OHase, what results in lower
synthesis of the active VD form. These results suggest
that VD supplementation, even in higher doses, may
be necessary in postmenopausal women to overcome
high parathyroid activity, also probably exacerbated by
a decreased renal function. Vitamin D supplementation
seems to be the most appropriate treatment option for
the population of postmenopausal patients and has
been suggested by many experts as a safe and cost-ef-
fective procedure. However, the role of VD supplemen-
tation in the prevention and treatment of comorbidities
associated with aging and menopausal consequences
has not been completely established. Ptudowski et al.
offer elaborated consensus on supplementation guid-
ance and population strategies for VD in Central Europe
and recommend that the elderly (65 years and above)
should be supplemented with 800-2,000 IU/day (20.0-
50.0 pg/day) throughout the whole year, because of
the reduced efficacy of VD skin synthesis. In obese el-
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derly patients, supplementation of 1,600-4,000 [U/day
(40-100 pg/day), depending on severity of obesity, is
recommended throughout the whole year [10].

Menopausal symptoms and vaginal atrophy

Menopause is characterized by falling levels of es-
trogen and progesterone, which can lead to the de-
velopment of symptoms including hot flushes, night
sweats, and vaginal dryness. As it has already been
discussed, the decline in estrogens also results in the
increased bone turnover, decrease in bone mineral
density and elevated risk of fracture. The quality of
life may be impaired by musculoskeletal discomfort,
frequent mood disturbances and an increased risk of
metabolic and cardiovascular diseases. Capatina et al.
studied VD status and biological correlations in post-
menopausal women and demonstrated a widely preva-
lent insufficiency as only 8.1% had sufficient VD levels
[51]. The Women’s Health Initiative trial found border-
line significant associations between 25(0H)D levels
and menopausal symptoms such as sleep disturbance,
emotional well-being, and energy/fatigue [52]. Most of
the postmenopausal women suffer from vulvovaginal
atrophy, dryness and irritation associated with estro-
gen deficiency. Therefore, safe treatment is desirable
to enhance vaginal lubrication. Vitamin D is known to
be involved in the regulation of growth and differen-
tiation of body cells, especially squamous epithelium,
present in the vagina. Therefore, this vitamin could be
effective in proliferation and repair of epithelial vaginal
tissue. Yildirim et al. have demonstrated that VD sup-
plementation resulted in squamous maturation of the
vaginal epithelium. These findings suggest that there
must be an intracellular receptor in vaginal epithelium.
No evidence has been found regarding the side effects
of VD [53]. Rad et al. demonstrated that VD vaginal sup-
positories improve the maturation index and decrease
the pH and dryness in women with vaginal atrophy
due to menopause. The authors suggested that vaginal
suppositories may be used as lubricants and moistur-
izers and they can be a new strategy of vaginal atrophy
treatment in many women with contraindication to es-
trogen therapy which include among others the history
of breast cancer, stroke and venous thromboembolism
[54]. However, other studies, like the one conducted by
Shirazi et al., found no association between menopau-
sal status and serum VD levels [55].

Urogenital symptoms

Only few studies in the literature have assessed the
relationship between VD status and pelvic floor disor-
ders. Parker et al. showed that insufficient VD is linked
to a greater impact of urinary incontinence on women’s

quality of life [56]. Their longitudinal cohort study sug-
gested that low intake levels of certain micronutrients
may be associated with an increased risk of overactive
bladder (OAB), the most significant association being
with VD. Dallosso et al. reported that a higher VD intake
significantly correlated with a reduced risk of OAB in
women aged 40 and older [57]. The authors assumed
that VD plays an important role in skeletal muscle ef-
ficiency and potentially in the detrusor muscle and
urothelial function. Thus, they explained their obser-
vation that VD deficiency has more effects on urinary
incontinence in comparison to VD sufficient women
[56, 57]. Gau et al. reported only two cases of urgency
urinary incontinence with high dose VD supplementa-
tion [58]. Vitamin D receptor has been identified in the
urothelium and the smooth muscle of the detrusor wall
[59]. Vitamin D insufficiency may also affect the detru-
sor wall contributing to symptoms of OAB and urgency
urinary incontinence (UUI). Badalian et al. demonstrat-
ed the results of the National Health and Nutrition Ex-
amination Survey and suggested that higher VD levels
are associated with a decreased risk of pelvic floor dis-
orders in women. The authors revealed that the risk of
urinary incontinence was 45% lower in people with VD
levels of 30 ng/ml or higher than in those with inad-
equate levels [60].

Conclusions

The latest scientific findings have stressed the plei-
otropic action of VD and defined the prominent role of
this vitamin in the pathomechanisms of numerous dis-
orders. The multidirectional effect of VD deficiency is
present in different phases of the aging process. Its neg-
ative metabolic consequences as well as higher preva-
lence of cardiovascular events and increase in overall
mortality points to the need to treat the deficiency or
— even better — to prevent it. Randomized clinical and
placebo controlled trials have found that 25(0OH)D 30-
80 ng/ml VD has positive effects and helps induce ben-
eficial clinical changes. Prevention and treatment pro-
cesses involve education regarding sunlight exposure
and pharmacological cholecalciferol supplementation
according to the recommendations for Central Europe.
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