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ABSTRACT

Vitamin D3 is a steroid hormone produced in the skin under the influence of UV radiation. It is
a vitamin discovered in the 20th century and constantly rediscovered. Over the last few decades,
numerous scientists conducting research on vitamin D3 have shown its increasing impact on
the proper functioning of the human body. This work will present the process of synthesis,
metabolism, mechanism of action of vitamin D3, as well as its pleiotropic effect. In
preparation for this review mostly publications from the last 20 years were selected, but older,
highly valued publications were not excluded.
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Introduction

1,25(0OH)2D3 is the active form of vitamin D3, necessary to maintain proper calcium and
phosphate homeostasis. In terms of its chemical structure, it is similar to hormones such as
estrogens and testosterone.

The problem of vitamin D3 deficiency is constantly observed in developing countries. Living
indoors, eating highly processed food, avoiding the sun or comorbidities may lead to significant
deficits. Persistent low levels of vitamin D3 are correlated with low levels of calcium in the
blood. The consequence of this is the possible development of rickets in children like and
osteoporosis in adults. However, the effect of vitamin D, apart from the obvious impact on the
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proper functioning of the skeletal system, turns out to have an actual impact on the
functioning of numerous systems constituting one whole, which is the human body. Therefore,
research increasingly shows the real need for vitamin D supplementation.
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PRODUCTION AND METABOLISM OF VITAMIN D3

Cholecalciferol is synthesized in the skin under the influence of sunlight from 7-
dehydrocholesterol. Under the influence of UVB light of the appropriate wavelength i.e. 280-
320 nm, previtamin D3 is produced. The form isomerizes to cholecalciferol in a thermosensitive
process. The resulting cholecalciferol undergoes further transformations. 25-hydroxylation, 1a-
hydroxylation and 24-hydroxylation are the main stages of vitamin D metabolism. These
processes are carried out by cytochrome P450 oxidases, which are present both in the
mitochondrion and the endoplasmic reticulum. The electron donor in the mitochondria is
ferredoxin and ferredoxin reductase, while in the endoplasmic reticulum it is NADPH
(nicotinamide adenine dinucleotide phosphate) (1). The first hydroxylation takes place in the
liver and leads to the formation of the 250H2D3 form. It occurs due to the presence of
mitochondrial 25-hydroxylase, which is CYP27AL. It is the main enzyme that regulates the
level of 250H2D3 in tissues and blood serum (1). The second hydroxylation takes place in the
kidneys, the source of which is 1,25(OH)2D3. Only CYP27B1 has la-hydroxylase activity.
This enzyme is regulated by parathyroid hormone (PTH), fibroblast growth factor 23 (FGF23)
and 1,25(0OH)2D3. When the concentration of calcium in the blood serum is increased, the
secretion of parathyroid hormone is inhibited, and thus CYP27BL1 is inhibited. However, when
the concentration of phosphates in the blood serum remains elevated, fibroblast growth factor
23 (FGF 23) is stimulated and secreted (98). FGF23 transmits a signal through its own receptors
in the presence of the Klotho coreceptor and leads to the activation of mitogen-activated kinases
(MAPK) (1). CYP24A1 is induced and inhibition of CYP27B1. This action causes suppression
and leads to 1,25(OH)2D3 catabolism (6). It has been observed that high FGF23 levels, leading
to 1,25(0OH)2D3 suppression, occur in genetically determined diseases, such as X-linked
hypophosphatemic rickets or autosomal dominant hypophosphatemic rickets (143-145). In the
case of the former, increased FGF23 activity leads to excessive loss of phosphates by the
kidneys. High levels of FGF23 have also been described in cancer and chronic kidney disease
(6). CYP27B1 can also be inhibited directly by 1,25(0OH)2D3 by affecting vitamin D receptors
(VDRY) (1). Another factor that influences CYP27BL1 is calcitonin. It is a hormone produced by
the thyroid gland and, like parathyroid hormone, is responsible for the proper maintenance of
calcium and phosphate metabolism. It is secreted when the calcium concentration in the blood
is high, and its secretion is inhibited when the calcium concentration is low (6). The conducted
research has shown that during lactation there is an increase in the secretion of 1,25(0H)2D3
and calcitonin, which affects the transcription of CYP27B1 (5). High prolactin concentration
during lactation stimulates CYP27B1 (6).

VITAMIN D3 RECEPTORS AND MECHANISM OF ACTION
1,25(0H)2D3

VDR (vitamin D receptor) belongs to nuclear receptors, the human genes of which are located
on chromosome 12. The human VDR protein consists of 427 amino acids. It contains 8 coding
exons and 6 or more non-coding exons. It has two ends: NH2 and COOH. At the NH2 end there
is @ DNA-binding domain, and at the COOH end there is a ligand-binding domain. When
1,25(0H)2D3 binds, VDR heterodimerizes with RXR and a conformational change occurs.
This connection determines the correct expression of genes. Steroid receptor activators (SRC-
1,2,3) and p160 coactivators bind to the VDR domain. The p160 coactivator then enables the
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formation of a multi-subunit complex due to the activation of the CBP/p300 coactivators.
Changes occur within chromatin as a result of methylation and acetylation processes. The
combination of VDR with transcription factors leads to the formation of a pre-initiation
complex. The participation of RNA polymerase Il, a multi-protein complex and a mediator, is
necessary (6). Mutations may occur within the ligand-binding domain as well as within the
DNA-binding domain. Such cases have been described in hereditary vitamin D-resistant
rickets (HVDRR) (6).

24- HYDROKSYLAZA

The enzyme 24-hydroxylase also participates in the metabolism of vitamin D. CYP24A1 has
both 23-hydroxylase and 24-hydroxylase activity. In case of mutations in CYP24A1l, the
concentration of 24,25(0OH)2D decreases, but the concentration of 1,25(OH)2D remains
normal or higher (4). It has been observed that such a mutation occurs in children with
idiopathic hypercalcemia, which results in an increase in the concentration of calcium in the
blood, i.e. hypercalcemia; an increase in the concentration of calcium in the urine, i.e.
hypercalciuria, as well as a decrease in the concentration of parathyroid hormone. It has been
shown that the main function of CYP24Al is to maintain normal concentrations of
1,25(0OH)2D and 250HD so that toxic levels are not reached (1).

CHARACTER D2

Vitamin D, in addition to possible supplementation, can be obtained from food as ergocalciferol.
It is particularly present in products such as fatty fish and dairy products. Similarly to vitamin
D3, it is metabolized to 25-hydroxyvitamin D (250HD) in the liver and to 1,25-
dihydroxyvitamin D (1,25(0OH)2D3) in the kidneys. The structure of ergocalciferol differs
from the D3 form. It has a double bond between C22 and C23 and a methyl group at C24 in the
side chain. Therefore, this form has lower affinity for vitamin D binding protein (DBP).
Therefore, it is removed from the blood faster. This results in difficult conversion to 25-
hydroxyvitamin D. Therefore, supplementation with D2 relative to D3 turns out to be ineffective
when not used daily. However, when comparing the 1,25(OH)2D2and 1,25(0OH)2D3 forms, the
affinity for the vitamin D receptor (VDR - vitamin D receptor) is comparable in both cases
(12).

VITAMIN D3 SUPPLEMENTATION

Data indicate that 1 in 8 Europeans are at risk of vitamin D deficiency, defining deficiency as a
25(0OH)D concentration below 30 nmol/l (99). The trend of deficiency is estimated to increase
to as much as 28-65% for ethnic minorities in Northern Europe (99). It has been observed that
there are common factors that increase the incidence of vitamin D deficiency. Certainly, such
predictive factors include leading a closed lifestyle, older age, higher BMI, stimulants
(tobacco), lack of supplementation of other vitamins, including vitamin D, and calcium. (100).
Attention has also been paid to other factors leading to limited availability of vitamin D,
including developing inflammation (101), fat malabsorption syndromes, nephrotic syndrome
and various drug interactions that change metabolism and absorption (101).
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To initiate vitamin D supplementation, it is necessary to determine the initial concentration of
25(0OH)D in blood serum. To achieve a beneficial therapeutic effect, it is also important to
determine the target value (107).

Table 1. 25(OH)D concentrations in blood serum for Poland (135), global (136) and
Central Europe (137).

Recommendation Global Recommendation for
for Poland 2009, Recommendation Central Europe
(135) 2016, (136) 2016, (137)
Optimal children and youth: >20 ng/ml >30-50 ng/ml
concentratio 20-60 ng/ml
n adults and seniors:
30-80 ng/mi
suboptimal not defined 12-20 ng/ml >20-30 ng/ml
concentratio
n
deficit <10 ng/ml <12 ng/ml 0-20 ng/ml
toxic concentration not defined >100 ng/ml >100 ng/ml

a Other data indicate a toxic dose above 150 nmol/I (129).
b Other data indicate a toxic dose above 250 nmol/l (122).

Table 2. Recommended daily doses of vitamin D supplementation depending on age for
Poland (135), global (136) and Central Europe (137).

lactation

Recommendation Global Recommendation for
for Poland 2009, Recommendation Central Europe
(135) 2016, (136) 2016, (137)
0- 6 month of 400 IU/day 400 1U/ day 400 1U/ day
life
6- 12 month of 400 1U/ day 400 1U/ day 400-600 U/ day
life
2-18 years 400 IU/day 600 U/ day 600-1000 1U/ day
>18 years 800-1000 IU/ day 600 1U/ day 800-2000 1U/ day
pregnancy and 800-1000 IU/ day 600 1U/ day 1500-2000 1U/ day
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Table 3. Indications for vitamin D supplementation at a dose of 800—1000 1U/day (104).

people with limited sun exposure

« people with insufficient supply of vitamin D
« elderly people at risk of falls

* people at risk of osteoporosis

* patients treated for osteoporosis

» patients with fragile fractures

« obese patients

« patients with malabsorption syndrome

* patients after bariatric surgery

* patients treated with glucocorticoids

* patients treated with anticonvulsants

Table 4. Indications for vitamin D supplementation at a loading dose of 25,000 or 50,000

IU/weekfor a period of 4-6 weeks (104).

* people with low levels of 25(0OH)D

* patients after bariatric surgery

» patients with malabsorption syndrome
* patients with severe obesity

PLEIOTROPIC EFFECT OF VITAMIN D3
CANCER

Research shows that 1,25(0OH)2D3 slows down the development of cancer. Calcitriol and its
analogues inhibit the growth of cancer cells by stopping the cell cycle in the GO/G1 phase

and then cell differentiation (13).
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Cancer cells obtain energy from the ongoing aerobic glycolysis and obtain intermediates for the
synthesis of amino acids and fatty acids (19). 1,25(OH)2D3 reduces glycolysis. It leads to
reduced conversion of glucose to acetyl-coA and oxaloacetate, and consequently to reduced
activity of the Krebs cycle (6). It has been shown that the active form of vitamin D has
antiproliferative effects, induces apoptosis, influences the ongoing inflammatory process,
affects cellular metabolism, and inhibits angiogenesis and metastasis (14). The anticancer
effect of 1,25(0OH)2D3 requires the presence of VDR receptors on the surface of cancer cells.
The presence of VDR next to estrogenand androgen receptors, as well as its greater expression,
gives a better prognosis and prolongs overall survival (6). Chronic inflammation may be a
factor in the development of cancer. It has been shown that 1,25(0OH)2D3, an
immunosuppressant, reduces the activity of cyclooxygenase-2 and increases the activity of 15-
hydroxyprostaglandin dehydrogenase, which reduces the synthesis of prostaglandins (11,12).
In vivo studies have shown that mice transplanted with cancer cells and fed a diet low in
25(0OH)D experienced significant tumor growth (20,21,22). Other studies have shown that the
lack of VDR receptors in mice leads to increased carcinogenesis after exposure to carcinogenic
products(23). Two groups of mice that had or did not have the VDR receptor were compared.
In the group without the VDR receptor, it was shown that the tumor grows larger compared to
the group that had the VDR receptor (24). It has been reported that the level of -catenin/TCF
increases, and calcitriol does not transfer B-catenin to the plasma membrane and does not
inhibit transcription (24). In other studies on rodents with colon cancer, it was shown that the
supply of 25(OH)D to the body contributes to the reduction of tumor mass. Supplementation
with 5000 1U of vitamin D3/Kkg is as effective as 1,25(OH)2D3 in breast and prostate cancer
(25). In turn, other studies (26,27) showed that treatment with 1,25(0OH)2D3 or vitamin D3
analogues increases the response to chemotherapy. This makes it possible to use lower doses
of chemotherapy and thus reduce side effects thanks to combined treatment. Vitamin D
supplementation may influence cancer progression, but has no direct effect on carcinogenesis
(6). Prospective studies have shown that in the group with a higher level of 25(OH)D in blood
serum, the risk of developing colorectal cancer is 30-40% lower than in the group with the
lowest level of 25(0OH)D in blood serum (28). However, in the case of other cancers, such as
bladder, prostate or skin cancer, no relationship between the level of 25(OH)D and the risk of
cancer development has been demonstrated (29,30,31). Most randomized studies using vitamin
D supplements showed a relationship between supplementation and mortality, but no
relationship between supplementation and the occurrence of cancer (32-35)

BREAST CANCER

One of the most common cancers in women is breast cancer. An increasing tendency in its
incidence is observed from year to year. In addition to genetic factors that play a significant role
in the occurrence of breast cancer, attention is also paid to factors such as an active lifestyle,
diet and ionizing radiation. Some studies have shown that nutrition may influence
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approximately 35% of breast cancer cases (125). Therefore, increasing the amount of fiber in
the diet, supplementing vitamins or limiting the consumption of alcohol and red meat may
protect against the development of cancer (126). Numerous evidence points to a linear cause-
and-effect relationship between vitamin D concentration and the risk of cancer development
(127,128), and the demonstration that enzymes that are present in the kidney are present in
breast epithelial cells makes a vitamin D-breast cancer relationship seem likely. (126). 1a
hydroxylase (CYP27B1) is present in mammary gland cells, converting 250HD into
1,250H2D. Locally generated calcitriol has an autocrine and paracrine effect, which protects
against neoplastic transformation (126).

The expression of VDR receptors determines the proper functioning and development of the
mammary glands during puberty, pregnancy and the stage of breast involution (126).
1,25(0H2)D3 is a VDR agonist and reduces the expression of estrogen receptors (126). In
vitro, 250HD at a concentration of 35-100 nM inhibits the growth of mammary gland cells.
However, at higher concentrations it protects MCF-12F cells against hypoxia and oxidative
stress. 250HD has been shown to prevent the formation of pre-cancerous lesions by protecting
against chemical carcinogens (126). Various preclinical, experimental and observational
studies have shown that calcitriol inhibits angiogenesis and cell proliferation and induces
apoptosis and cell differentiation. A meta- analysis showed that the relationship between
1,25(0H2)D3 and breast cancer is inversely proportional (130). It has been observed that
interruption of a given stage of vitamin D synthesis and metabolism may induce the
development of breast cancer (131). Through epigenetic mechanisms, the expression of
CYP27B1, CYP24Al, VDR and megalin is altered (126). Other analyzes aimed at
demonstrating the relationship between menopause and the risk of breast cancer still turn out
to be insufficient. However, it has been observed that during this period women gain weight
and increase the level of estrogen in the blood serum. This is an unfavorable phenomenon
because it may contribute to the development of hormone-dependent breast cancer
(132,133,134). Therefore, vitamin D supplementation appears to be promising due to its effect
on reducing estrogen receptor expression (126).

COLON INTESTINE CANCER

One of the most common malignant tumors in Europe is colorectal cancer. Data show that up
to 85% of all colorectal cancer cases originate from adenomas (141). The disease is more and
more common in people over 50 years of age, in those who smoke cigarettes, lead an inactive
lifestyle, are obese and abuse alcohol. The genetic component also plays an important role in
the occurrence of colorectal cancer. Therefore, numerous studies are being conducted that
would present groundbreaking results on how to prevent and inhibit the development of
colorectal cancer. Therefore, vitamin D and its anti-cancer effect were taken under the
microscope. The anticancer effect of calcitriol includes, among others: on inhibition of cell
proliferation, inhibition of angiogenesis, induction of epithelial cell differentiation or
induction of apoptosis. A prospective study, which included 16,818 participants in the United
States, showed that the relationship between mortality from colorectal cancer and the level
of 25(0OH)D is inversely
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proportional (139). Another case-control study confirmed this relationship (140). A meta-
analysis of 35 independent studies also showed this pattern (138). Although numerous genetic
and molecular studies have shown that vitamin D protects against colorectal cancer, the number
of studies carried out is still insufficient. Test results showing loss of VDR expression and
changes in CYP27B1 and CYP24ALl in colorectal cancer show that vitamin D both prevents
and/or treats the early stages of this cancer (142).

IMMUNE SYSTEM

1,25(0OH)2D3 influences the regulation of innate and acquired immunity. It stimulates the
congenital form and inhibits the acquired form (36). It contributes to a decrease in the secretion
of pro-inflammatory cytokines: IL-1, IL-2, IL-6, IL-12, IFN-y, TNF-a, TNF-B and to an
increase in the production of anti-inflammatory cytokines: IL-4, IL-5 and IL-10. It inhibits the
formation of the NFAT/AP-1 complex and thus inhibits IL-2 transcription. Moreover, it has
been shown to have an inhibitory effect on the Th9 and Th17 lymphocytes they secrete,
respectively

IL-9 and IL-17.

1,25(0H)2D3 acts on dendritic cells and blocks their maturation. It leads to reduced expression
of MHC class Il, CD40, CD80 and CD86 molecules as well as 1L12/1L10 (38,39). In vivo
studies show that in mice NOD dendritic cells under the influence of 1,25(OH)2D3 can migrate
and inhibit T cell proliferation (40). Increasing glycolysis and oxidative phosphorylation,
through changes in metabolic pathways, lead to changes in the phenotype of dendritic cells (41).
In vivo studies on mouse models have shown that 1,25(0OH)2D3 can protect against the
development of autoimmune diseases, such as inflammatory bowel disease (IBD) or
autoimmune encephalomyelitis (EAE) (41). In experimentally induced colitis, it was observed
that the use of 1,25(0OH)2D3 inhibits Thl and Th17 lymphocytes, reduces inflammation and
leads to the induction of T reg lymphocytes (43,44). In autoimmune encephalomyelitis,
1,25(0OH)2D3 inhibits IL-12 and IL-17 (37). To reduce paralysis in EAE, it has been observed
that the combination of vitamin D at a dose of 20 1U/g diet with IFN-B is significantly more
effective than the use of vitamin D or IFN-B alone (37). Therefore, patients with multiple
sclerosis (MS) are often treated with a combination of vitamin D and IFN-B. Research shows
that 1,25(0OH)2D3 has a protective effect on the course of autoimmune diseases, but the
benefits of vitamin D supplementation and its analogues remain unknown.

CARDIOVASCULAR SYSTEM

Epidemiological studies show that the frequency of cardiovascular events increases in winter
and with distance from the equator. Due to presented epidemiological data and studies carried
out on mice, interest in vitamin D is constantly growing. In studies on animal models,
1,25(0OH)2D3 treatment was introduced in rats with chronic arterial hypertension, cardiac
hypertrophy and congestive heart failure. This study showed that vitamin D supplementation
led to a reduction in cardiac hypertrophy, especially in those rats on a high-sodium diet (45). It
has been shown that this vitamin has a direct effect on the
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renin-angiotensin-aldosterone (RAA) system. VDR signaling affects both the vascular
endothelium and the heart, but full understanding requires further research. A study conducted
by Giovannucci E et al. (46) showed that the incidence of myocardial infarction is higher in
people with reduced 25(OH)D3 levels. The study involved 18,000 men who were health care
workers (46). It was reported that in men with a 25(OH)D3 level < 15 ng/ml, the incidence of
myocardial infarction was as much as 2.42 times higher than in men with a level above 30 ng/ml
(46). In another study, it was observed that patients who underwent coronary angiography and
had a 25(OH)D3 level <8 ng/ml had a higher cardiovascular mortality than patients with a
25(0OH)D3 level > 28 ng/ml (47).

Skeletal system

Studies showing the relationship between reduced 25(OH)D3 levels and a greater risk of
fractures are still controversial. Therefore, numerous attempts are made to demonstrate this
relationship. A prospective study (105) involved a group of 1,662 men aged 70-97 years
living in Australia. There were 123 fractures recorded throughout the study, after taking
into account bone mineral density, sun exposure and physical activity. It has been observed
over approximately 4 years that in patients with 25(OH)D3 levels above 72 nmol/l or
below 36 nmol/l, fractures are more common. It has been shown that both too low and too
high a concentration of vitamin D3 may be harmful to health (105). A study conducted by
Atteritano et al. (51) showed an association between low levels of vitamin D3 in blood
serum and greater susceptibility to fractures in HIV-positive patients with brittle bones. It
has been observed that they suffer from vertebral fractures more often, which may also be
related to vitamin D deficiency (51). Another study, however, presented completely
opposite results to those discussed above. The use of cholecalciferol at a dose of 100,000
IU/month for a period of 2.5-4.2 years does not prevent falls or fractures (106). Although
a Cochrane systematic review (108) indicates that falls cannot be prevented by vitamin D
supplementation in the general population, other meta-analyses indicate that maintaining
the baseline vitamin D level below 75 nmol/l in 90% of the population reduces the risk of
falls by 15 % (109). Randomized controlled clinical trials examining the effect of vitamin
D on reducing the risk of falls confirmed its positive effect. The study concerned
participants who achieved normal 25(OH)D levels during treatment and/or had 25(OH)D
deficiency in blood serum (110-114). However, other randomized studies did not show this
relationship - a reduction in the number of falls after 25(OH)D supplementation. It was
concluded that these data may be due to the fact that the specific population studied had
high vitamin D levels at the beginning of the study (115-119) or too high a dose of vitamin
D was administered (115, 120,121).

The link between vitamin D supplementation and osteoarthritis is still a matter of debate.
Observational studies have shown that there is no such relationship in patients whose average
25(0OH)D level was above 50 nmol/l (123).

11
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Another study of 2,756 women and men whose average age was 74.2 years noted that those
who had the lowest 25(OH)D values had a higher risk of developing osteoarthritis (124).
Despite some inconsistencies, it has been shown that vitamin D supplementation together
with calcium has a beneficial effect on possible fractures, including hip fractures. The
greatest benefit from supplementation may be obtained by adults with a vitamin D
deficiency of less than 50 nmol/l, in order to achieve a 25(OH)D level in the range of 50-
100 nmol/l (104). However, reaching 25(OH)D levels above 100 nmol/l may have a
negative impact, increasingthe risk of fractures (104).

NERVOUS SYSTEM

Due to the presence of vitamin D3 receptors (VDR) in the thalamus, hypothalamus and
hippocampus, more and more researchers decide to conduct research on the effect of vitamin
D3 in various neurological conditions. 1,25(OH)2D3 has been shown to influence neuronal
maturation and differentiation (53). Moreover, it regulates the synthesis of serotonin, dopamine,
gamma-aminobutyric acid (GABA) and acetylcholine (54,55,56). Many studies have shown
that it activates the remyelination process. It contributes to the removal of myelin debris and
activation of microglia (59).

MULTIPLE SCLEROSIS

In multiple sclerosis (MS), an autoimmune disease, nerve tissue is damaged. It has been shown
that vitamin D3 deficiency is an important risk factor for the development of MS, and
maintaining a normal level of vitamin D3 in blood serum may reduce the risk of MS. Cohort
studies including 187,000 women showed a relationship between the supply of vitamin D3 from
diet or supplementation and the risk of developing MS (60). Women who consumed about 700
IU/day had a lower risk of developing multiple sclerosis by 33% compared to women whose
vitamin D3 intake was lower than the stated value. However, women who used
supplementation of approximately 400 IU/day had a 41% reduced risk of developing MS
compared to those women who did not use supplementation (60). Prospective study from
2012. (61) confirmed that vitamin D3 levels >30 ng/ml are associated with a lower risk of
developing MS. Studies have shown that vitamin D3 supplementation brings numerous
benefits to MS patients. However, there is a real need for further research randomized to
clearly determine whether it is possible to use this vitamin as a gold standard in the treatment
of multiple sclerosis. Moreover, the concept of "sufficient" vitamin D3 levels is still
controversial. According to the Institute of Medicine (IOM), the level of 25(OH2)D3 should
be >20 ng/ml (50 nmol/L) (63). However, the Endocrine Society states that this value should
be approximately 30 ng/ml (75 nmol/l) (63). Other researchers, based on experimental studies,
state that the level of 25(OH2)D3 should be in the range of 30-50 ng/ml, because then it has
immunomodulatory activity. In the case of patients with CIS (clinically isolated syndrome),
multiple sclerosis and 25(OH2)D3 level <20 ng/ml, supplementation with ergocalciferol is
necessary. The recommended dose is 50,000 1U/week for a period of eight weeks to achieve a
value of > 30 ng/dl in blood serum. In maintenance supplementation, cholecalciferol is
administered at a dose of 1000 to 2000 IU/day to replenish the deficiencies (62). Other authors
indicate that most patients should supplement 2000-5000 1U/day to maintain the 25(OH2)D3
level in the range of 40-60 ng/ml (63).
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ISCHEMIC STROKE

Ischemic stroke is a disease of heterogeneous etiology, which is influenced by both modifiable
factors, such as smoking or physical inactivity, and non-modifiable factors, such as genetics,
gender or age. It has been shown that vitamin D3 deficiency is associated with a greater risk of
developing ischemic stroke, and if it occurs, it increases the severity of the disease and
complicates post-stroke recovery. Studies (64,65) have shown a relationship between low
25(0OH)D levels and a higher risk of ischemic stroke depending on age, gender and race. There
was no association between reduced 25(OH)D levels and a higher risk of ischemic stroke in
blacks compared to whites. The relationship between vitamin D3 and ischemic stroke may
result with an inhibitory effect on the development of thrombosis. However, vitamin D3 may
contribute to the development of hemorrhagic stroke (52).

A study conducted by Manouchehri et al. (66) showed that vitamin D deficiency increases the
risk of ischemic stroke by almost 7 times compared to the control group. Researchers reported
a 4.37-fold increase in the risk of small- vessel ischemic stroke and a 13-fold increase in the
risk of large-vessel ischemic stroke (66). It has been described that vitamin D3 and B12
deficiency and hyperhomocysteinemia intensify the course of the first ischemic stroke.
Therefore, great attention is paid to the determination of these parameters as part of primary
and secondary prevention (52).

Patients with lower 25(OH)D levels have been shown to have greater disability in the initial
phase of stroke (65). And immobilized patients have lower levels of 25(OH)D in blood serum
compared to those who are physically active outdoors and synthesize vitamin D3 from UV
radiation (52). The role of vitamin D3 in the pathophysiology of ischemic stroke is to inhibit
the release of pro-inflammatory cytokines, such as TNF-a, IL-6, IL-12, IFN-y, which may
intensify atherosclerotic changes in vessels and influence the instability of atherosclerotic
plaque (67,68). In addition, cholecalciferol inhibits the synthesis of prostaglandins and reduces
the expression of nuclear factor kappa B - NF-kB (69,70). The conducted research and
collected data indicatea relationship between the level of vitamin D3 and ischemic stroke.

NEURODEGENERATIVE DISEASES

Degenerative diseases are chronic diseases leading to the death of nerve cells. These include
Alzheimer's disease, Parkinson's disease and amyotrophic lateral sclerosis. It has been show
that there is a relationship between altered expression of VDR (vitamin D receptor) and lower
use of vitamin D in nerve cells, and thus greater susceptibility to neuronal degeneration (71).
Vitamin D induces phagocytosis of amyloid beta protein due to the presence of macrophages
(72,73) and reduces inflammation caused by amyloid deposition (56). In cultured astrocytes
after vitamin D administration, it was observed that the level of mMRNA coding for TNF-alpha
and GM-CSF was reduced (56). Moreover, it has been reported to have neuroprotective effects
by protecting against glutamate toxicity (74). Vitamin D3 inhibits the synthesis of nitric oxide
synthase and regulates gamma-glutamyltranspeptidase, which participates in glutathione
metabolism (75). It reduces the hyperphosphorylation of tau protein, which progresses with age,
and stimulates the activity of protein phosphatase 2A (76). In a population group of people
suffering from mild cognitive impairment, low levels of vitamin D concentration in blood serum
have been reported (77). A 7-year study of older women showed that greater vitamin D
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supplementation led to a reduced risk of developing Alzheimer's disease (78,79). Despite the
provided data from molecular analyzes and conducted studies, vitamin D supplementation and
its impact remain unclear and require further observations and clinical practice. Answers to
many questions are needed to explain the possibility of using therapy to prevent the
development of the most common neurodegenerative disease - Alzheimer's disease (52).
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VASCULAR DEMENTIA

Studies link vitamin D deficiency with an increased risk of diabetes, congestive heart failure,
hypertension, stroke (80), as well as vascular dementia and small vessel disease (81,82). A
diet rich in vitamin D has an anti-lymphoproliferative effect on the vascular endothelium and
protects against the effects of inflammatory cytokines (83,84). It regulates the function of
voltage-sensitive L-type calcium channels and the expression of 36 proteins and 74 genes
related to the development of the cytoskeleton (85,86). Various studies show a relationship
between vitamin D deficiency and dementia. They indicate the antioxidant effect of vitamin
D and protection against free oxygen radicals (ROS) and regulation of vessels to maintain
proper cerebral circulation (82,45). Studies have shown that in small vessel disease there is
an increase in reactive oxygen species and hyperexpression of NOX 2 and NOX 4 isoforms
(87,88). Free oxygen radicals cause cell damage and induce apoptosis. Chung et al. (82)
showed that vitamin D deficiency leads to microbleeds in the white matter and hyperintense
lesions. Moretti et al. (89) presented the hypothesis that in the case of small vessel disease,
which involves changes in cerebral blood flow and neuromuscular disorders, vitamin D may
play a significant role. It has been shown to regulate the neuromuscular junction system and
influence the release of glutamate. It inhibits the influx of calcium and thus regulates the
synthesis of nitric oxide, which activates phospholipase A2 and influences further cascades
of prostaglandin metabolism. It also increases the synthesis of vasoactive intestinal
polypeptide (VIP) and acetylcholine (52). Therefore, vitamin D deficiency may disrupt
neurovascular coupling, nitric oxide synthesis or smooth muscle control, and thus increase
the development of small vessel diseases (52). However, the number of studies on the issue
of vitamin D supplementation in vascular dementia is still insufficient.
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PARKINSON'S DISEASE

Parkinson's disease is the second most common degenerative disease of the nervous system in
older people. Patients with this disease struggle with slow movement (bradykinesia),
increased muscle tension, resting tremor and posture disorders on a daily basis. The
relationship between vitamin D and Parkinson's disease appears to be significant in numerous
considerations. It has been noted that poly[ADP-ribose] polymerase 1 (PARP1) is
overexpressed in the substantia nigra in Parkinson's patients (90). Calcitriol, through
mechanisms related to the reduction of microglial activation, may contribute to the regulation
of PARP1 expression (91). In another mechanism, it has been observed that heme oxygenase
is overexpressed indamaged dopaminergic neurons in patients with Parkinson's disease and in
the substantia nigra of the brain (92,94). However, in healthy people, the expression of this
protein is limited only to neuroglia (93). In this case, the role of vitamin D appears to be
unpredictable in delaying the action of heme oxygenase and in influencing glial
immunoreactivity (95). The Spl gene, which is a transcription factor, also draws attention. It
is responsible for the expression of the dopamine receptor gene and the dopamine transporter
gene (96,97). It has been shown that VDR affects the regulation of Spl gene expression and
the relationship between Spl and vitamin D results from different binding sites of
transcription factors.

CONCLUSIONS

More and more research draws attention to vitamin D as necessary for the proper functioning
of the immune, cardiovascular, skeletal and nervous systems. Its deficiency has been
reported in numerous diseases, which proves its real impact on the brain, bones, heart and
vessels. In vivo, in vitro and human studies confirm these assumptions. Vitamin D
supplementation can have many benefits and be a cheap and safe method. However, the
issues of vitamin D supplementation and its clinical benefits remain unclear. Prescribing
doses higher than recommended by guidelines still raises controversy and concerns about its
potential toxicity. Therefore, it is necessary to continue randomized trials, paying attention to
vitamin D supplementation with calcium. Great hopes are placed on vitamin D and its real
impact on the course of the disease and mitigating its effects. And although meta-analyses
indicate that vitamin D does not reduce the incidence of diseases, including cancer, it does
influence mortality. Therefore, there is a need for further research at the molecular level and
clinical trials in patients with neurodegenerative, cancer, cardiovascular and immune
disorders.

16




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

REFERENCES

1. Bikle DD. Vitamin D metabolism, mechanism of action, and clinical applications. Chem
Biol. 2014 Mar 20;21(3):319-29. doi: 10.1016/j.chembiol.2013.12.016. Epub 2014 Feb 13.
PMID: 24529992; PMCID: PMC3968073.

2. Bikle DD, Murphy EW, Rasmussen H. The ionic control of 1,25-dihydroxyvitamin D3
synthesis in isolated chick renal mitochondria. The role of calcium as influenced by inorganic
phosphate and hydrogen-ion. J. Clin. Invest. 1975;55:299-304.

3. Urakawa |, Yamazaki Y, Shimada T, lijima K, Hasegawa H, Okawa K, Fujita T,
Fukumoto S, Yamashita T. Klotho converts canonical FGF receptor into a specific receptor for
FGF23. Nature. 2006;444:770-774.

4. Schlingmann KP, Kaufmann M, Weber S, Irwin A, Goos C, John U, Misselwitz J, Klaus
G, Kuwertz-Broking E, Fehrenbach H, et al. Mutations in CYP24A1 and idiopathic infantile
hypercalcemia. N. Engl. J. Med. 2011;365:410-421.

5. Stevenson JC, Hillyard CJ, Macintyre I, Cooper H, Whitehead MI. A physiological role
for calcitonin: protection of the maternal skeleton. Lancet. 1979 Oct 13;2(8146):769-70. doi:
10.1016/s0140-6736(79)92117-2. PMID: 90862.

6. Christakos S, Dhawan P, Verstuyf A, Verlinden L, Carmeliet G. Vitamin D: Metabolism,
Molecular Mechanism of Action, and Pleiotropic Effects. Physiol Rev. 2016 Jan;96(1):365-408.
doi: 10.1152/physrev.00014.2015. PMID: 26681795; PMCID: PMC4839493.

7. Ditsch N, Toth B, Mayr D, Lenhard M, Gallwas J, Weissenbacher T, Dannecker C,
Friese K, Jeschke U. The association between vitamin D receptor expression and prolonged
overall survival in breast cancer. J Histochem Cytochem 60: 121-129, 2012.

8. Hendrickson WK, Flavin R, Kasperzyk JL, Fiorentino M, Fang F, Lis R, Fiore C, Penney
KL, Ma J, Kantoff PW, Stampfer MJ, Loda M, Mucci LA, Giovannucci E. Vitamin D receptor
protein expression in tumor tissue and prostate cancer progression. J Clin Oncol 29: 2378-2385,
2011.

9. Santagata S, Thakkar A, Ergonul A, Wang B, Woo T, Hu R, Harrell JC, McNamara G,
Schwede M, Culhane AC, Kindelberger D, Rodig S, Richardson A, Schnitt SJ, Tamimi RM,
Ince TA. Taxonomy of breast cancer based on normal cell phenotype predicts outcome. J Clin
Invest 124: 859-870, 2014.

10. Kemmis CM, Welsh J. Mammary epithelial cell transformation is associated with
deregulation of the vitamin D pathway. J Cell Biochem 105: 980-988, 2008.

11.  Moreno J, Krishnan AV, Swami S, Nonn L, Peehl DM, Feldman D. Regulation of
prostaglandin metabolism by calcitriol attenuates growth stimulation in prostate cancer cells.
Cancer Res 65: 7917-7925, 2005.

12.  Thill M, Becker S, Fischer D, Cordes T, Hornemann A, Diedrich K, Salehin D, Friedrich
M. Expression of prostaglandin metabolising enzymes COX-2 and 15-PGDH and VDR in
human granulosa cells. AntiCancer Res 29: 3611-3618, 2009.

13.  Jensen SS, Madsen MW, Lukas J, Binderup L, Bartek J. Inhibitory effects of lalpha,25-
dihydroxyvitamin D3 on the G1-S phase-controlling machinery. Mol Endocrinol 15: 1370—
1380, 2001.

14. D. Feldman, A.V. Krishnan, S. Swami, E. Giovannucci, B.J. Feldman. The role of
vitamin D in reducing cancer risk and progression. Nat Rev Cancer. 2014; 14: 342-357.

15. Barbour GL, Coburn JW, Slatopolsky E, Norman AW, Horst RL. Hypercalcemia in an
anephric patient with sarcoidosis: evidence for extrarenal generation of 1,25-dihydroxyvitamin

D. N Engl J Med 305: 440-443, 1981.
17




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

16. Meeker S, Seamons A, Paik J, Treuting PM, Brabb T, Grady WM, Maggio-Price L.
Increased dietary vitamin D suppresses MAPK signaling, colitis, and colon cancer. Cancer Res
74: 4398-4408, 2014.

17.  Simmons KM, Beaudin SG, Narvaez CJ, Welsh J. Gene signatures of 1,25-
dihydroxyvitamin D exposure in normal and transformed mammary cells. J Cell Biochem. 116:
1693-1671, 2015.

18.  Milani C, Katayama ML, de Lyra EC, Welsh J, Campos LT, Brentani MM, Maciel Mdo
S, Roela RA, del Valle PR, Goes JC, Nonogaki S, Tamura RE, Folgueira MA. Transcriptional
effects of 1,25 dihydroxyvitamin D3 physiological and supra-physiological concentrations in
breast cancer organotypic culture. BMC Cancer 13: 119, 2013.

19.  Vander Heiden MG, Cantley LC, Thompson CB. Understanding the Warburg effect: the
metabolic requirements of cell proliferation. Science 324: 1029-1033, 2009.

20.  Ooi LL, Zhou H, Kalak R, Zheng Y, Conigrave AD, Seibel MJ, Dunstan CR. Vitamin D
deficiency promotes human breast cancer growth in a murine model of bone metastasis. Cancer
Res 70: 1835-1844, 2010.

21. Ray R, Banks M, Abuzahra H, Eddy VJ, Persons KS, Lucia MS, Lambert JR, Holick
MF. Effect of dietary vitamin D and calcium on the growth of androgen-insensitive human
prostate tumor in a murine model. AntiCancer Res 32: 727-731, 2012.

22.  TangprichaV, Spina C, Yao M, Chen TC, Wolfe MM, Holick MF. Vitamin D deficiency
enhances the growth of MC-26 colon cancer xenografts in Balb/c mice. J Nutr 135: 2350-2354,
2005.

23.  Zinser GM, McEleney K, Welsh J. Characterization of mammary tumor cell lines from
wild type and vitamin D3 receptor knockout mice. Mol Cell Endocrinol 200: 67-80, 2003

24, Larriba MJ, Ordonez-Moran P, Chicote I, Martin-Fernandez G, Puig I, Munoz A, Palmer
HG. Vitamin D receptor deficiency enhances Wnt/beta-catenin signaling and tumor burden in
colon cancer. PloS One 6: e23524, 2011.

25.  Swami S, Krishnan AV, Wang JY, Jensen K, Horst R, Albertelli MA, Feldman D. Dietary
vitamin D3 and 1,25-dihydroxyvitamin D3 (calcitriol) exhibit equivalent anticancer activity in
mouse xenograft models of breast and prostate cancer. Endocrinology 153: 2576-2587, 2012
26. Ma Y, Yu WD, Trump DL, Johnson CS. 1,25D3 enhances antitumor activity of
gemcitabine and cisplatin in human bladder cancer models. Cancer 116: 3294-3303, 2010.

27.  Milczarek M, Rosinska S, Psurski M, Maciejewska M, Kutner A, Wietrzyk J. Combined
colonic cancer treatment with vitamin D analogs and irinotecan or oxaliplatin. AntiCancer Res
33:433-444, 2013.

28.  Lee JE, LiH, Chan AT, Hollis BW, Lee IM, Stampfer MJ, Wu K, Giovannucci E, Ma J.
Circulating levels of vitamin D and colon and rectal cancer: the Physicians' Health Study and a
meta-analysis of prospective studies. Cancer Prevention Res 4: 735-743, 2011.

29.  Caini S, Boniol M, Tosti G, Magi S, Medri M, Stanganelli I, Palli D, Assedi M, Marmol
VD, Gandini S. Vitamin D and melanoma and non-melanoma skin cancer risk and prognosis: a
comprehensive review and meta-analysis. Eur J Cancer 50: 2649-2658, 2014.

30. Mondul AM, Weinstein SJ, Horst RL, Purdue M, Albanes D. Serum vitamin D and risk
of bladder cancer in the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening trial.
Cancer Epidemiol Biomarkers Prevention 21: 12221225, 2012.

31. XuY, Shao X, Yao Y, Xu L, Chang L, Jiang Z, Lin Z. Positive association between
circulating 25-hydroxyvitamin D levels and prostate cancer risk: new findings from an updated
meta-analysis. J Cancer Res Clin Oncol 140: 1465-1477, 2014.

18




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

32. Bjelakovic G, Gluud LL, Nikolova D, Whitfield K, Krstic G, Wetterslev J, Gluud C.
Vitamin D supplementation for prevention of cancer in adults. Cochrane Database Syst Rev 6:
CD007469, 2014.

33.  Bjelakovic G, Gluud LL, Nikolova D, Whitfield K, Wetterslev J, Simonetti RG,
Bjelakovic M, Gluud C. Vitamin D supplementation for prevention of mortality in adults.
Cochrane Database Syst Rev 1: CD007470, 2014.

34.  Chung M, Lee J, Terasawa T, Lau J, Trikalinos TA. Vitamin D with or without calcium
supplementation for prevention of cancer and fractures: an updated meta-analysis for the US
Preventive Services Task Force. Ann Internal Med 155: 827838, 2011.

35.  Keum N, Giovannucci E. Vitamin D supplements and cancer incidence and mortality: a
meta-analysis. Br J Cancer 111: 976-980, 2014.

36.  Chun RF, Liu PT, Modlin RL, Adams JS, Hewison M. Impact of vitamin D on immune
function: lessons learned from genome-wide analysis. Front Physiol 5: 151, 2014.

37.  Joshi S, Pantalena LC, Liu XK, Gaffen SL, Liu H, Rohowsky-Kochan C, Ichiyama K,
Yoshimura A, Steinman L, Christakos S, Youssef S. 1,25-Dihydroxyvitamin D3 ameliorates
Th17 autoimmunity via transcriptional modulation of interleukin-17A. Mol Cell Biol 31: 3653—
3669, 2011.

38.  Ferreira GB, van Etten E, Verstuyf A, Waer M, Overbergh L, Gysemans C, Mathieu C.
1,25-Dihydroxyvitamin D3 alters murine dendritic cell behaviour in vitro and in vivo. Diabetes
Metab Res Rev 2 7: 933-941, 2011.

39.  Griffin MD, Lutz W, Phan VA, Bachman LA, McKean DJ, Kumar R. Dendritic cell
modulation by lalpha,25 dihydroxyvitamin D3 and its analogs: a vitamin D receptor-dependent
pathway that promotes a persistent state of immaturity in vitro and in vivo. Proc Natl Acad Sci
USA 98: 6800—6805, 2001.

40.  Ferreira GB, Gysemans CA, Demengeot J, da Cunha JP, Vanherwegen AS, Overbergh
L, Van Belle TL, Pauwels F, Verstuyf A, Korf H, Mathieu C. 1,25-Dihydroxyvitamin D3
promotes tolerogenic dendritic cells with functional migratory properties in NOD mice. J
Immunol 192: 4210-4220, 2014.

41. Ferreira GB, Vanherwegen AS, Eelen G, Gutierrez AC, Van Lommel L, Marchal K,
Verlinden L, Verstuyf A, Nogueira T, Georgiadou M, Schuit F, Eizirik DL, Gysemans C,
Carmeliet P, Overbergh L, Mathieu C. Vitamin D3 induces tolerance in human dendritic cells
by activation of intracellular metabolic pathways. Cell Reports. 10: 711725, 2015.

42. DeLuca HF, Cantorna MT. Vitamin D: its role and uses in immunology. FASEB J 15:
2579-2585, 2001.

43.  Cantorna MT, McDaniel K, Bora S, Chen J, James J. Vitamin D, immune regulation,
the microbiota, and inflammatory bowel disease. Exp Biol Med 239: 1524-1530, 2014.

44.  Daniel C, Sartory NA, Zahn N, Radeke HH, Stein JM. Immune modulatory treatment
of trinitrobenzene sulfonic acid colitis with calcitriol is associated with a change of a T helper
(Th) 1/Th17 to a Th2 and regulatory T cell profile. J Pharmacol Exp Ther 324: 23-33, 2008.
45, Mancuso P, Rahman A, Hershey SD, Dandu L, Nibbelink KA, Simpson RU. 1,25-
Dihydroxyvitamin-D3 treatment reduces cardiac hypertrophy and left ventricular diameter in
spontaneously hypertensive heart failure-prone (cp/+) rats independent of changes in serum
leptin. J Cardiovasc Pharmacol 51: 559-564, 2008.

46.  Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-Hydroxyvitamin D and risk of
myocardial infarction in men: a prospective study. Arch Internal Med 168: 1174-1180, 2008.
47.  Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst U, Wellnitz B, Kinkeldei J, Boehm

BO, Weihrauch G, Maerz W. Independent association of low serum 25-hydroxyvitamin D and 19




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

1,25-dihydroxyvitamin D levels with all-cause and cardiovascular mortality. Arch Internal Med
168: 1340-1349, 2008.

48.  Pludowski P., Holick M.F., Grant W.B., Bischoff-Ferrari H.A., Gordon C.M., Hanley
D.A., Heaney R.P., Murad M., Weaver C. Vitamin D supplementation guidelines. J. Steroid
Biochem. Mol. Biol. 2018;175:125-135. doi: 10.1016/j.jsbmb.2017.01.021.

49.  Piotrowska A., Wierzbicka J., Zmijewski M.A. Vitamin D in the skin physiology and
pathology. Acta Biochim. Pol. 2016;63:17-29. doi: 10.18388/abp.2015_1104.

50.  Zmijewski MA. Vitamin D and Human Health. Int J Mol Sci. 2019 Jan 3;20(1):145. doi:
10.3390/ijms20010145. PMID: 30609781; PMCID: PMC6337085.

51.  Atteritano M., Mirarchi L., Venanzi-Rullo E., Santoro D., laria C., Catalano A., Lasco
A., Arcoraci V., Lo Gullo A, Bitto A., et al. Vitamin D Status and the Relationship with Bone
Fragility Fractures in HIV-Infected Patients: A Case Control Study. Int. J. Mol. Sci.
2018;19:119. doi: 10.3390/ijms19010119.

52.  Moretti R, Morelli ME, Caruso P. Vitamin D in Neurological Diseases: A Rationale for
a Pathogenic Impact. Int J Mol Sci. 2018 Jul 31;19(8):2245. doi: 10.3390/ijms19082245.
PMID: 30065237; PMCID: PMC6121649.

53. Brown J.I., Bianco J., McGrath J., Eyles D.W. 1,25-Dihydroxyvitamin D3 induces nerve
growth factor, promotes neurite outgrowth and inhibits mitosis in embryonic rat hippocampal
neurons. Neurosci. Lett. 2003;343:139-143. doi: 10.1016/S0304-3940(03)00303-3. [

54. Baksi S.N., Hughes M.J. Chronic vitamin D deficiency in the weanling rat alters
catecholamine metabolism in the cortex. Brain Res. 1982;242:387-390. doi: 10.1016/0006-
8993(82)90331-6.

55.  Puchacz E., Stumpf W.E., Stachowiak E.K., Stachowiak M.K. Vitamin D increases
expression of the tyrosine hydroxylase gene in adrenal medullary cells. Mol. Brain Res.
1996;36:193-196. doi: 10.1016/0169-328X(95)00314-I.

56.  Garcion E., Wion-Barbot N., Montero-Menei C.N., Berger F., Wion D. New clues about
vitamin D functions in the nervous system. Trends Endocrinol. Metab. 2002;13:100-105. doi:
10.1016/S1043-2760(01)00547-1.

57.  Chen S., Sims G.P., Chen X.X., Gu Y.Y., Chen S., Lipsky P.E. Modulatory effects of
1,25-dihydroxyvitamin D3 on human B cell differentiation. J. Immunol. 2007;179:1634-1647.
doi: 10.4049/jimmunol.179.3.1634.

58. Boonstra A., Barrat F.J., Crain C., Heath V.L., Savelkoul H.F., O’Garra A. 1a,25-
Dihydroxyvitamin D3 has a direct effect on naive CD4(+) T cells to enhance the development
of Th2 cells. J. Immunol. 2001;167:4974-4980. doi: 10.4049/jimmunol.167.9.4974.

59.  Kotter M.R., Li W.W., Zhao C., Franklin R.J.M. Myelin impairs CNS remyelination by
inhibiting oligodendrocyte precursor cell differentiation. J. Neurosci. 2006;26:328-332. doi:
10.1523/JNEUROSCI.2615-05.2006.

60.  Munger K., Zhang S., O’Reilly E., Hernan M. A., Olek M.J., Willett W.C., Ascherio A.
Vitamin D intake and incidence of multiple sclerosis. Neurology. 2004;62:60-65. doi:
10.1212/01.WNL.0000101723.79681.38.

61.  Salzer J., Hallmans G., Nystrom M., Stenlund H., Wadell G., Sundstrom P. Vitamin D
as a protective factor in multiple sclerosis. Neurology. 2012;79:2140-2145. doi:
10.1212/WNL.0b013e3182752¢a8.

62.  Shoemaker T.J., Mowry E.M. A review of vitamin D supplementation as disease-
modifying therapy. Mult. Scler. 2018;24:6-11. doi: 10.1177/1352458517738131.

63. Mozaffarian D., Benjamin E.J., Go A.S., Arnett D.K., Blaha M.J., Cushman M., Das

S.R., de Ferranti S., Després J.P., Fullerton H.J., et al. Heart Disease and Stroke Statistics-2016 20




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

Update: A Report from the American Heart Association. Circulation. 2016;133:e38-e360. doi:
10.1161/CIR.0000000000000350.

64.  Daubail B., Jacquin A., Guilland J.-C., Hervieu M., Osseby G.-V., Rouaud O., Giroud
M., Béjot Y. Serum 25-hydroxyvitamin D predicts severity and prognosis in stroke patients.
Eur. J. Neurol. 2013;20:57-61. doi: 10.1111/j.1468-1331.2012.03758.x.

65. Judd S.E., Morgan C.J., Panwar B., Howard V.J., Wadley V.G., Jenny N.S., Kissela
B.M., Gutiérrez O.M. Vitamin D deficiency and incident stroke risk in community-living black
and white adults. Int. J. Stroke. 2016;11:93-102. doi: 10.1177/1747493015607515.

66.  Manouchehri N., Vakil-Asadollahi M., Zandifar A., Rasmani F., Saadatnia M. Vitamin
D Status in Small Vessel and Large Vessel Ischemic Stroke Patients: A Case—control Study.
Adv. Biomed. Res. 2017;6:146.

67. Cannell JJ., Grant W.B., Holick M.F. Vitamin D and inflammation.
Dermatoendocrinology. 2014;6:€983401. doi: 10.4161/19381980.2014.983401.

68.  138. Cohen-Lahav M., Shany S., Tobvin D., Chaimovitz C., Douvdevani A. Vitamin D
decreases NFkappaB activity by increasing IkappaBalpha levels. Nephrol. Dial. Transplant.
2006;21:889-897. doi: 10.1093/ndt/gfi254.

69. Boonstra A., Barrat F.J., Crain C., Heath V.L., Savelkoul H.F., O’Garra A. 10,25-
Dihydroxyvitamin D3 has a direct effect on naive CD4(+) T cells to enhance the development
of Th2 cells. J. Immunol. 2001;167:4974-4980. doi: 10.4049/jimmunol.167.9.4974.

70.  Liu X, Nelson A., Wang X., Farid M., Gunji Y., Ikari J., Iwasawa S., Basma H., Feghali-
Bostwick C., Rennard S.I. Vitamin D modulates prostaglandin E2 synthesis and degradation in
human lung fibroblasts. Am. J. Respir. Cell Mol. Biol. 2014;50:40-50.

71.  Brewer L.D., Thibault V., Chen K.C., Langub M.C., Landfield P.W., Porter N.M.
Vitamin D hormone confers neuroprotection in parallel with downregulation of L-type calcium
channel expression in hippocampal neurons. J. Neurosci. 2001;21:98-108. doi:
10.1523/JNEUROSCI.21-01-00098.2001.

72. Miziwicki M.T., Menegaz D., Zhang J., Barrientos-Duran A., Tse S., Cashman J.R.,
Griffin P.R., Fiala M. Genomic and nongenomic signaling induced by 1 alpha 25 OH2 vitamin
D3 promotes the recovery of amyloid phagocytosis by Alzheimer’s disease macrophages. J.
Alzheimers Dis. 2012;29:51-62. doi: 10.3233/JAD-2012-110560.

73.  TaniuraH., Ito M., Sanada N., Kuramoto N., Ohno Y., Nakamichi N., Yoneda Y. Chronic
vitamin d3 treatment protects against neurotoxicity by glutamate in association with
upregulation of vitamin D receptor mRNA expression in cultured rat cortical neurons. J.
Neurosci. Res. 2006;83:1179-1189. doi: 10.1002/jnr.20824.

74.  Garcion E., Sindij L., Leblondel G., Brachet P., Darcy F. 1-25 dihydroxyvitamin D3
regulates the synthesis of gamma glutamy! transpeptidase and gluthatione levels in rat primary
astrocytes. J. Neurochem. 1999;73:859-866. doi: 10.1046/j.1471-4159.1999.0730859.x.

75.  Briones T.L., Darwish H. Decrease in age related tau hyperphosphorylation and
cognitive improvement following vitamin D supplementation are associated with modulation
of brain energy metabolism and redox state. Neuroscience. 2014;262:143-155. doi:
10.1016/j.neuroscience.2013.12.064.

76. Thomas M.K., Lloyd-Jones D.M., Thadani R.I., Shaw A.C., Deraska D.J., Kitch B.T.,
Vamvakas E.C., Dick .M., Prince R.L., Finkelstein J.S. Hypovitaminosis D in medical
inpatients. N. Engl. J. Med. 1998;338:777-783. doi: 10.1056/NEJM199803193381201.

77.  Annweiler C., Montero-Odasso M., Llewellyn D.J., Richard Devantoy S., Duque G.,
Beauchet O. Meta-analysis of memory and executive dysfunctions in relation to vitamin D. J.

Alzheimers Dis. 2013;37:147-171. doi: 10.3233/JAD-130452. 1




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

78.  Annweiler C., Rolland Y., Schott A.M., Blain H., Vellas B., Herrmann F.R., Beauchet
O. Higher vitamin D dietary intake is associated with lower risk of AD: A 7-year follow-up. J.
Gerontol. Ser. A Biol. Sci. Med. Sci. 2012;67:1205-1211. doi: 10.1093/gerona/gls107.

79.  Fiala M., Miziwiki M.T. Neuroprotective and immune effects of active forms of vitamin
D3 and docosahexaenoic acid in AD patients. Funct. Foods Health Dis. 2011;1:545-554.

80.  Prabhakar P., Chandra S.R., Supriya M., Issac T.G., Prasad C., Christopher R. Vitamin
D status and vascular dementia due to cerebral small vessel disease in the elderly Asian Indian
population. J. Neurol. Sci. 2015;359:108-111. doi: 10.1016/j.jns.2015.10.050.

81.  Alagiakrishnan K., Hsueh J., Zhang E., Khan K., Senthilselvan A. Small vessel
disease/white matter disease of the brain and its association with osteoporosis. J. Clin. Med.
Res. 2015;7:297-302. doi: 10.14740/jocmr2119w.

82.  ChungP.W., Park K.Y., Lim J.M., Shin D.W., Park M.S., Chung Y .J., Ha S.Y., Ahn S.W.,
Shin HW., Kim Y.B., et al. 25-Hydroxyvitmain D status is associated with chronic cerebral
small vessel disease. Stroke. 2015;46:248-251. doi: 10.1161/STROKEAHA.114.007706.

83.  Danielsson C., Nayeri S., Wiesinger H., Thieroff-Ekerdt R., Carlberg C. Potent gene
regulatory and antiproliferative activities of 20-methyl analogues of 1,25 dihydroxyvitamin D3.
J. Cell. Biochem. 1996;63:199-206. doi: 10.1002/(S1CI)1097-4644(19961101)63:2<199::AlD-
JCB7>3.0.CO;2-T.

84.  Eyles D.W., Burne T.H.J., McGrath J.J. Vitamin D effects on brain development, adult
brain function and the links between low levels of vitamin D and neuropsychiatric disease.
Front. Neuroendocrinol. 2013;34:47-64. doi: 10.1016/j.yfrne.2012.07.001.

85.  Almeras L., Eyles D., Benech P., Laffite D., Villard C., Patatian A., Boucraut J.,
Mackay-Sim A., McGrath J., Féron F. Developmental vitamin D deficiency alters brain protein
expression in the adult rat: Implications for neuropsychiatric disorders. Proteomics.
2007;7:769-780. doi: 10.1002/pmic.200600392.

86.  Sutherland M.K., Somerville M.J., Yoong L.K.K., Bergeron C., Haussler M.R., Crapper
McLachlan D.R. Reduction of vitamin D hormone receptor mRNA levels in Alzheimer as
compared to Huntington hippocampus: Correlation with calbindin-28k mRNA levels. Mol.
Brain Res. 1992;3:239-250. doi: 10.1016/0169-328X(92)90032-7.

87.  Miller A.A., Drummond G.R., De Silva T.M., Mast A.E., Hickey H., Williams J.P.,
Broughton B.R., Sobey C.G. NADPH oxidase activity is higher in cerebral versus systemic
arteries of four animal species: Role of Nox2. Am. J. Physiol. Heart Circ. Physiol.
2009;296:220-225. doi: 10.1152/ajpheart.00987.2008.

88. Kong X.F., Zhi X.H., Pei Y.L., Jackson D.M., Holick M.F. Molecular cloning,
characterization, and promoter analysis of the human 25-hydroxyvitamin D3-
laplha.hydroxyalse gene. Proc. Natl. Acad. Sci. USA. 1999;96:6988-6993. doi:
10.1073/pnas.96.12.6988.

89. Moretti R., Furlanis G., Caruso P., Signori R., Gazzin S., Tiribelli C. Vitamin D in the
Small Vessel disease. Curr. Neurobiol. 2017;8:112-124.

90. Mabley J.G., Wallace R., Pacher P., Murphy K., Szabo C. Inhibition of PARP
polymerase by the active form of vitamin D. Int. J. Mol. Med. 2007;19:947-952.

91. Suzuki M., Yoshioka M., Hashimoto M., Murakami M., Noya M., Takahashi D.,
Urashima M. Randomized, double-blind, placebo-controlled trial of vitamin D supplement in
Parkinson’s disease. Am. J. Clin. Nutr. 2013;97:1004-1013. doi: 10.3945/ajcn.112.051664.
92.  Castellani R., Smith M.A., Richey P.L., Perry G. Glycoxidation and oxidative stress in
PD and diffuse Lewy body disease. Brain Res. 1996;737:195-200. doi: 10.1016/0006-

8993(96)00729-9. ”




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

93.  Mateo I., Infante J., Sanchez-Juan P., Garcia-Gorostiaga 1., Rodriguez-Rodriguez E.,
Vazquez-Higuera J.L., Berciano J., Combarros O. Serum heme oxygenase-1 levels are
increased in PD but not in, A.D. Acta Neurol. Scand. 2010;121:136-138. doi: 10.1111/j.1600-
0404.2009.01261.x.

94.  Oermann E., Bidmon H.J., Witte O.W., Zilles K. Effects of 1 alpha, 25 dihydroxyvitamin
D3 on the expression of HO1 and GFAP in glial cells of the photothrombotically lesioned
cerebral cortex. J. Chem. Neuroanat. 2004;28:225-238. doi: 10.1016/j.jchemneu.2004.07.003.
95.  Soos J., Engelhardt I., Siklos L., Havas L., Majtenyi K. The expression of PARP, NF-
kB and parvalbumin is increased in, O.D. Neuroreport. 2004;15:1715-1718. doi:
10.1097/01.wnr.0000136175.51954.ce.

96. Yajima S., Lee S.H., Minowa T., Mouradian M.M. Sp family transcription factors
regulate expression of rat D2 dopamine receptor gene. DNA Cell Biol. 1998;17:471-479. doi:
10.1089/dna.1998.17.471.

97. Choi J.M., Hong J.H., Chae M.J., Ngyuen P.H., Kang H.S., Ma H.1., Kim Y.J. Analysis
of mutations and the association between polymorphisms in the cerebral dopamine neurotrophic
factor (CDNF) gene and, P.D. Neurosci. Lett. 2011;493:97-101. doi:
10.1016/j.neulet.2011.02.013.

98.  Bikle DD, Rasmussen H. The ionic control of 1,25-dihydroxyvitamin D3 production in
isolated chick renal tubules. J Clin Invest. 1975 Feb;55(2):292-8. doi: 10.1172/JCI1107932.
PMID: 236326; PMCID: PMC301747.

99. Cashman KD, Dowling KG, Skrabakova Z, et al. Vitamin D deficiency in Europe:
pandemic? Am J Clin Nutr. 2016;103:1033-1044. doi: 10.3945/ajcn.115.120873.

100. Merlijn T, Swart KMA, Lips P, et al. Prediction of insufficient serum vitamin D status
in older women: a validated model. Osteoporos Int. 2018;29:1539-1547. doi: 10.1007/s00198-
018-4410-3.

101. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment, and
prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab. 2011;96:1911-1930. doi: 10.1210/jc.2011-0385.

102. Reid D, Toole BJ, Knox S, et al. The relation between acute changes in the systemic
inflammatory response and plasma 25-hydroxyvitamin D concentrations after elective knee
arthroplasty. Am J Clin Nutr. 2011;93:1006-1011. doi: 10.3945/ajcn.110.008490.

103. Vimaleswaran KS, Berry DJ, Lu C, et al. Causal relationship between obesity and
vitamin D status: bi-directional Mendelian randomization analysis of multiple cohorts. PL0oS
Med. 2013;10:e1001383. doi: 10.1371/journal.pmed.1001383.

104. Chevalley T, Brandi ML, Cashman KD, Cavalier E, Harvey NC, Maggi S, Cooper C,
Al-Daghri N, Bock O, Bruyere O, Rosa MM, Cortet B, Cruz-Jentoft AJ, Cherubini A, Dawson-
Hughes B, Fielding R, Fuggle N, Halbout P, Kanis JA, Kaufman JM, Lamy O, Laslop A, Yerro
MCP, Radermecker R, Thiyagarajan JA, Thomas T, Veronese N, de Wit M, Reginster JY,
Rizzoli R. Role of vitamin D supplementation in the management of musculoskeletal diseases:
update from an European Society of Clinical and Economical Aspects of Osteoporosis,
Osteoarthritis and Musculoskeletal Diseases (ESCEO) working group. Aging Clin Exp Res.
2022 Nov;34(11):2603-2623. doi: 10.1007/s40520-022-02279-6. Epub 2022 Oct 26. PMID:
36287325; PMCID: PMC9607746.

105. Bleicher K, Cumming RG, Naganathan V, et al. U-shaped association between serum
25-hydroxyvitamin D and fracture risk in older men: results from the prospective population-
based CHAMP study. J Bone Miner Res. 2014;29:2024-2031. doi: 10.1002/jbmr.2230.

23




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

106. Khaw KT, Stewart AW, Waayer D, Lawes CMM, Toop L, Camargo CA Jr, Scragg R.
Effect of monthly high-dose vitamin D supplementation on falls and non-vertebral fractures:
secondary and post-hoc outcomes from the randomised, double-blind, placebo-controlled VIDA
trial. Lancet Diabetes Endocrinol. 2017 Jun;5(6):438-447. doi: 10.1016/S2213-8587(17)30103-
1. Epub 2017 Apr 28. PMID: 28461159.

107. Shardell M, Cappola AR, Guralnik JM, et al. Sex-specific 25-hydroxyvitamin D
threshold concentrations for functional outcomes in older adults: PRoject on Optimal VItamin
D in Older adults (PROVIDO) Am J Clin Nutr. 2021;114:16-28. doi: 10.1093/ajcn/nqab025.
108. Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions for preventing falls in
older people living in the community. Cochrane Database Syst Rev. 2012;9:CD007146.

109. LeBlanc ES, Chou R. Vitamin D and falls-fitting new data with current guidelines.
JAMA Intern Med. 2015;175:712—713. doi: 10.1001/jamainternmed.2015.0248.

110. Cangussu LM, Nahas-Neto J, Orsatti CL, et al. Effect of isolated vitamin D
supplementation on the rate of falls and postural balance in postmenopausal women fallers: a
randomized, double-blind, placebo-controlled trial. Menopause. 2016;23:267-274. doi:
10.1097/GME.0000000000000525.

111. Ozsoy-Unubol T, Candan Z, Atar E, et al. The effect of vitamin D and exercise on
balance and fall risk in postmenopausal women: a randomised controlled study. Int J Clin Pract.
2021;75:e14851. doi: 10.1111/ijcp.14851.

112. Pfeifer M, Begerow B, Minne HW, et al. Effects of a long-term vitamin D and calcium
supplementation on falls and parameters of muscle function in community-dwelling older
individuals. Osteoporos Int. 2009;20:315-322. doi: 10.1007/s00198-008-0662-7.

113. Prince RL, Austin N, Devine A, et al. Effects of ergocalciferol added to calcium on the
risk of falls in elderly high-risk women. Arch Intern Med. 2008;168:103-108. doi:
10.1001/archinternmed.2007.31.

114. Pfeifer M, Begerow B, Minne HW, et al. Effects of a short-term vitamin D and calcium
supplementation on body sway and secondary hyperparathyroidism in elderly women. J Bone
Miner Res. 2000;15:1113-1118. doi: 10.1359/jbmr.2000.15.6.1113.

115. Dhesi JK, Jackson SH, Bearne LM, et al. Vitamin D supplementation improves
neuromuscular function in older people who fall. Age Ageing. 2004;33:589-595. doi:
10.1093/ageing/afh209.

116. Appel LJ, Michos ED, Mitchell CM, et al. The effects of four doses of vitamin D
supplements on falls in older adults: a response-adaptive, randomized clinical trial. Ann Intern
Med. 2021;174:145-156. doi: 10.7326/M20-3812.

117. Bischoff-Ferrari HA, Freystatter G, Vellas B, et al. Effects of vitamin D, omega-3 fatty
acids, and a simple home strength exercise program on fall prevention: the DO-HEALTH
randomized clinical trial. Am J Clin Nutr. 2022;115:1311-1321. doi: 10.1093/ajcn/ngac022.
118. Hansen KE, Johnson RE, Chambers KR, et al. Treatment of vitamin D insufficiency in
postmenopausal women: a randomized clinical trial. JAMA Intern Med. 2015;175:1612-1621.
doi: 10.1001/jamainternmed.2015.3874.

119. Karkkainen MK, Tuppurainen M, Salovaara K, et al. Does daily vitamin D 800 IU and
calcium 1000 mg supplementation decrease the risk of falling in ambulatory women aged 65—
71 years? A 3-year randomized population-based trial (OSTPRE-FPS) Maturitas. 2010;65:359-
365. doi: 10.1016/j.maturitas.2009.12.018.

120. Waterhouse M, Sanguineti E, Baxter C, et al. Vitamin D supplementation and risk of
falling: outcomes from the randomized, placebo-controlled D-Health Trial. J Cachexia

Sarcopenia Muscle. 2021;12:1428-1439. doi: 10.1002/jcsm.12759. "




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

121. Khaw KT, Stewart AW, Waayer D, et al. Effect of monthly high-dose vitamin D
supplementation on falls and non-vertebral fractures: secondary and post-hoc outcomes from
the randomised, double-blind, placebo-controlled ViDA trial. Lancet Diabetes Endocrinol.
2017;5:438-447. doi: 10.1016/S2213-8587(17)30103-1.

122.  Munns CF, Shaw N, Kiely M, Specker BL, Thacher TD, Ozono K, Michigami T,
Tiosano D, Mughal MZ, Mikitie O, Ramos-Abad L, Ward L, DiMeglio LA, Atapattu N,
Cassinelli H, Braegger C, Pettifor JM, Seth A, Idris HW, Bhatia V, Fu J, Goldberg G, Savendahl
L, Khadgawat R, Pludowski P, Maddock J, Hypponen E, Oduwole A, Frew E, Aguiar M,
Tulchinsky T, Butler G, Hogler W. Global Consensus Recommendations on Prevention and
Management of Nutritional Rickets. Horm Res Paediatr. 2016;85(2):83-106. doi:
10.1159/000443136. Epub 2016 Jan 8. PMID: 26741135.

123. Park CY. Vitamin D in the prevention and treatment of osteoarthritis: from clinical
interventions to cellular evidence. Nutrients. 2019;11:243. doi: 10.3390/nu11020243.

124. Veronese N, Maggi S, Noale M, et al. Serum 25-hydroxyvitamin D and osteoarthritis in
older people: the Progetto Veneto Anziani Study. Rejuvenation Res. 2015;18:543-553. doi:
10.1089/rej.2015.1671.

125. R. Doll, R. Peto. The causes of cancer: quantitative estimates of avoidable risks of
cancer in the United States today. J Natl Cancer Inst. 1981; 66: 1191-1308.

126. de La Puente-Yagiie M, Cuadrado-Cenzual MA, Ciudad-Cabafias MJ, Hernandez-
Cabria M, Collado-Yurrita L. Vitamin D: And its role in breast cancer. Kaohsiung J Med Sci.
2018 Aug;34(8):423-427. doi: 10.1016/j.kjms.2018.03.004. Epub 2018 Apr 5. PMID:
30041759.

127. M.J. Despoina, R. Brent. Low vitamin D levels as a risk factor for cancer. BMJ. 2017,
359: j4952

128. V. Dimitrakopoulou, K. Tsilidis, P. Haycock, N. Dimou, K. Al-Dabhani, R. Martin, et
al. Circulating vitamin D concentration and risk of seven cancers: mendelian randomisation
study. BMJ. 2017; 359: j4761.

129. F. Acevedo, V. Pérez, A. Pérez-Sepulveda, P. Florenzano, R. Artigas, L. Medina, et al.
High prevalence of vitamin D deficiency in women with breast cancer: the first Chilean study.
Breast. 2016; 29: 39-43

130. D. Wang, O.I. Vélez de la Paz, J.X. Zhai, D.W. Liu. Serum 25-hydroxyvitamin D and
breast cancer risk: a meta-analysis of prospective studies. Tumor Biol. 2013; 34: 3509-3517.
131. J. Welsh. Vitamin D metabolism in mammary gland and breast cancer. Mol Cell
Endocrinol. 2011; 347: 55-60.

132. A.H. Eliassen, G.A. Colditz, B. Rosner, W.C. Willett, S.E. Hankinson. Adult weight
change and risk of postmenopausal breast cancer. JAMA. 2006; 296: 193-201.

133. T.J.Key, P.N. Appleby, G.K. Reeves, A. Roddam, J.F. Dorgan, C. Longcope, et al. Body
mass index, serum sex hormones, and breast cancer risk in postmenopausal women. J Natl
Cancer Inst. 2003; 95: 1218-1226.

134. G.D. Stephenson, D.P. Rose. Breast cancer and obesity: an update. Nutr Cancer. 2003;
45: 1-16.

135. Charzewska J, Chlebna-Sokot D, Chybicka A, Czech-Kowalska J, Dobrzanska A i wsp.
Prophylaxis of vitamin D deficiency — Polish recommendation 2009. Ginekol Pol
2010;81(2):149-153.

136. Munns CF, Shaw N, Kiely M, Specker BL, Thacher TD i wsp. Global consensus
recommendations on prevention and management of nutritional rickets. J Clin Endocrinol

Metab 2016;101(2):394-415. [doi: 10.1210/jc.2015-2175]. ’s




ARCTIC JOURNAL ISSN: 0004-0843

2024 7(7) -]

137. Phudowski P, Karczmarewicz E, Bayer M, Carter G, Chlebna-Sokot D i wsp. Practical
guidelines for the supplementation of vitamin D and the treatment of deficits in Central Europe
— recommended vitamin D intakes in the general population and groups at risk of vitamin D
deficiency. Endokrynol Pol 2013;64(4):319-327.

138. Gandini S, Boniol M, Haukka J, Byrnes G, Cox B, Sneyd MJ, Mullie P & Autier P 2011
Meta-analysis of observational studies of serum 25-hydroxyvitamin D levels and colorectal,
breast and prostate cancer and colorectal adenoma. International Journal of Cancer 128 1414—
1424. doi:10.1002/ijc.25439.

139. Freedman DM, Looker AC, Chang SC & Graubard Bl 2007 Prospective study of serum
vitamin D and cancer mortality in the United States. Journal of the National Cancer Institute 99
1594-1602. doi:10.1093/jnci/djm204.

140. Woolcott CG, Wilkens LR, Nomura AM, Horst RL, Goodman MT, Murphy SP,
Henderson BE, Kolonel LN & Le Marchand L 2010 Plasma 25-hydroxyvitamin D levels and
the risk of colorectal cancer: the multiethnic cohort study. Cancer Epidemiology, Biomarkers
& Prevention 19 130-134. doi:10.1158/1055-9965.EP1-09-0475.

141. Cho YA, Lee J, Oh JH, Chang HJ, Sohn DK, Shin A, Kim J. Vitamin D receptor Fokl
polymorphism and the risks of colorectal cancer, inflammatory bowel disease, and colorectal
adenoma. Sci Rep. 2018 Aug 27;8(1):12899. doi: 10.1038/s41598-018-31244-5. PMID:
30150667; PMCID: PMC6110797.

142. Pereira F, Larriba MJ, Mufioz A. Vitamin D and colon cancer. Endocr Relat Cancer.
2012 May 3;19(3):R51-71. doi: 10.1530/ERC-11-0388. PMID: 22383428.

143. Shimada T, Mizutani S, Muto T, Yoneya T, Hino R, Takeda S, Takeuchi Y, Fujita T,
Fukumoto S, Yamashita T. Cloning and characterization of FGF23 as a causative factor of
tumor-induced osteomalacia. Proc Natl Acad Sci USA 98: 65006505, 2001.

144, Weber TJ, Liu S, Indridason OS, Quarles LD. Serum FGF23 levels in normal and
disordered phosphorus homeostasis. J Bone Miner Res 18: 1227-1234, 2003.

145. White KE, Carn G, Lorenz-Depiereux B, Benet-Pages A, Strom TM, Econs MJ.
Autosomal-dominant hypophosphatemic rickets (ADHR) mutations stabilize FGF-23. Kidney
Int 60: 20792086, 2001.

26




