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SAZETAK: Vitamin D je vazan hormon u regulaciji min-
eralnog metabolizma i u procesu mineralizacije kostiju.
Kako je receptor za vitamin D prisutan u mnogobrojnim
tkivima, postoji veliko zanimanje za istrazivanje drugih
potencijalnih uloga vitamina D, pogotovo u sréanozilnim
bolestima (SZB). Mnoge studije su pokazale da je man-
jak vitamina D povezan s povecanim rizikom od razvoja
S7B, ukljuéujudi arterijsku hipertenziju, zatajivanje srca i
ishemijsku bolest srca. Prospektivne studije su pokaza-
le da manjak vitamina D povecava rizik za razvoj arteri-
jske hipertenzije i iznenadne sré¢ane smrti u bolesnika s
postojeéim SZB.

KLJUCNE RIJECI: vitamin D, sréanozilne bolesti, kar-
diovaskularni rizik.

Uvod

Klasi¢na uloga vitamina D je povecanje apsorpcije kalcija u
crijevima'. Aktivni oblik vitamina D, 1,25-dihidroksikolekal-
ciferol (1,25(0OH)=D) ponasa se kao steroidni hormon vezuci
se na vitamin D receptor (VDR) koji je prisutan u mnogim
stanicama, ukljucujuéi kardiomiocite?, glatke misicne stanice
krvnih Zila® i stanice endotela’. Istrazivanja su pokazala da
manjak vitamina D uzrokuje povecanije rizika od razvoja sr-
ganozilnih bolesti (SZB). Nagin na koji vitamin D titi poje-
dinca od SZB nije do kraja istrazen. Postoje mnoge teorije,
uklju€ujuci negativnu regulaciju renina i time snizavanje ar-
terijskog tlaka (AT), snizavanje razine paratiroidnog hormo-
na (PTH) i poboljsanje kontrole glikemije (Tablica 1).

Fiziologija vitamina D

Vitamin D se pojavljuje u dva oblika: vitamin D: (ergokalci-
ferol) i vitamin Ds (kolekalciferol). Vitamin D= koji se nalazi u
bilikama i kvascu, proizvod je djelovanja ultraljubi¢astih zra-
ka na ergosterol dok se vitamin Ds nalazi u masnoj ribi i ulju
dobivenom iz bakalarove jetre te maslacu. Vrlo su male koli-
¢ine u mesu, kravljem i ljudskom mlijeku. Vitamin D iz hrane
apsorbira se u tankom crijevu ovisno o apsorpciji lipida i hi-
lomikronima prelazi u limfu i u krv te u jetru. Opcenito se ap-
sorbira 50% vitamina D une$enog hranom (Slika 1).
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SUMMARY: Vitamin D is an important hormone in the
regulation of mineral metabolism and bone mineraliza-
tion process. Since the receptor for vitamin D is present
in many tissues, there is a great interest in exploring ot-
her potential roles of vitamin D, particularly in cardiovas-
cular diseases (CVDs). Many studies have shown that
vitamin D deficiency is associated with an increased risk
of developing CVDs, including hypertension, heart failu-
re and ischemic heart disease. Prospective studies have
shown that vitamin D deficiency increases the risk of de-
veloping hypertension and sudden cardiac death in pa-
tients with existing CVD.
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Introduction

The traditional role of vitamin D is to increase the absorption
of calcium in intestines’. The active form of vitamin D, 1,25-
dihydroxycholecalciferol (1,25(0OH):D) acts as a steroid hor-
mone binding to the vitamin D receptor (VDR), which is pre-
sent in many cells, including cardiomyocytes®, smooth mus-
cle cells of blood vessels® and endothelial cells®. The trials
have shown that vitamin D deficiency causes an increase in
the risk of developing cardiovascular disease (CVD). The
way in which vitamin D protects an individual against CVD
has not been fully explored. There are many theories, inclu-
ding the negative regulation of renin and thus lowering blood
pressure (BP), lowering the level of parathyroid hormone
(PTH) and improved glycemic control (Table 1).

Vitamin D physiology

Vitamin D comes in two forms: vitamin D- (ergocalciferol)
and vitamin Ds (cholecalciferol). Vitamin D= which is found in
plants and yeast is the product of action of ultraviolet rays
while the ergosterol vitamin Ds is found in fatty fish and oil
obtained from cod liver and butter. There are very small
amounts of it in meat, cow and human milk. Vitamin D from
food is absorbed in the small intestine depending on the
absorption of lipids and chylomicrons and enters the lymph,
blood and liver. Generally it absorbs 50% of vitamin D which
is entered by food (Figure 1).
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Table 1. Distribution of VDR in normal tissues/cells.

Organ/tissue Expression level Cell types
Digestive system

Small intestine e Epithelium
Large intestine -+ Epithelium
Liver —

Pancreas +++ Epithelium
Kidney

Distal tubule -+ Epithelium
Proximal tubule ++ Epithelium
Glomerular podocytes + Podocytes
Respiratory system

Lung alveolar cells —

Bronchus +++++ Epithelium
Bone

Osteoblasts e+ Osteoblasts
Chondrocytes + Chondrocytes
Muscle system —

Immune system

Thymus ++++ Epithelium
Spleen/lymph node ++ Monocyte/macrophage/T-cell
Endocrine system

Thyroid —

Parathyroid -+ Epithelium
Pituitary gland +++ Epithelium
Adrenal gland —

Brain

Cerebrum —?

Cerebellum —?

Spinal cord —?

Reproductive system

Testis ++ Germ cells
Prostate gland ++++ Epithelium
Mammary gland ++++ Epithelium

? — Not completely defined

lzvor: Wang Y, Zhu J, DelLuca HF. Where is the vitamin D receptor?. Arch Biochem Biophys.
2012 Jul 1;523(1):123-33. doi:10.1016/j.abb.2012.04.001.
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Figure 1. Vitamin D metabolism.
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U Covjeka se u kozi iz 7-dehidrokolesterola djelovanjem ul-
traljubi¢astin B zraka iz sunceva svijetla stvara previtamin
Ds, a nakon toga vitamin Ds. U tkiva dospijeva uz pomoc pri-
jenosnicke bjelan¢evine na koju je vezan u krvi. Pretjerano
izlaganje sunc¢evoj svjetlosti ne moze dovesti do hipervita-
minoze D i toksi¢nosti jer ultraljubi¢aste zrake pretvaraju
viSak vitamina Ds u bioloski inertan izomer®. Metabolizam
vitamina Dz ili Ds u organizmu je jednak. U jetri se D vitamin
djelovanjem enzima 25-hidroksilaze citokroma P 450 pret-
vara u 25-hidroksivitamin D (25(0OH)D, kalcidiol) koji nije
bioloski aktivan®. U bubregu se dogada najvazniji korak gdje
iz 25(0OH)D djelovanjem PTH na 1-alfa-hidroksilazu nastaje
1,25 — dihidroksivitamin D (1,25(0OH)2D, kalcitriol), ¢iji uci-
nak u jezgri i grada odgovaraju onima steroidnih hormona®.
Receptor za vitamin D je prisutan u vecini tkiva, ukljucujuci
stanice endotela, glatke miicne stanice krvnih Zila i stanice
miokarda’. | glatke misiéne stanice krvnih Zila i stanice en-
dotela imaju sposobnost pretvaranja kalcidiola u kalcitriol®.
Ucinci vitamina D se postizu interakcijom Kkalcitriola i
VDR®*™. Cirkulirajuci kalcitriol prolazi kroz staniénu mem-
branu, ulazi u citoplazmu te se u jezgri veze za VDR. Kom-
pleks VDR-1,25(0OH)2D stvara heterodimer s X-receptorom
retinoi¢ne kiseline, spaja se s akceptorskim mjestom DNA
te potice transkripciju gena i sintezu nove mRNA. Direktno i
indirektno kalcitriol regulira preko 200 gena, uklju¢ujuci ge-
ne vazne za proizvodnju renina u bubregu, proizvodnju in-
zulina u gusteraci, oslobadanje citokina iz limfocita, rast i
miokarda®. S relativnom niskom bioloskom aktivnoscu, kal-
cidiol je oblik koji ima najvecu koncenraciju u cirkulaciji i
uzima ze za odredivanje ukupnih zaliha vitamina Ds. Dok
endokrino djelovanje aktivnog metabolita, kalcitriola, karak-
terizira odrzavanje homeostaze kalcija i fosfata", novija
istraZivanja su usmjerena na autokrine i parakrine aktivnos-
ti vitamin D. Autokrino/parakrino djelovanje vitamina D je
najbolje nazna¢eno u koZi i imunoloskom sustavu gdje reg-
ulira stani¢nu diferencijaciju i sazrijevanje. Nedavna istrazi-
vanja ukazuju da autokrino/parakrino djelovanje u glavnim
stanicama kosti takoder regulira proliferaciju i diferencijaci-
ju. Istrazivanja na Stakorima su pokazala da je odgovara-
juca serumska koncentracija kalcidiola kriticna za optimalno
zdravlje kosti i za zastitu od osteoporoze $to se podudara s
rezultatima klinickih istrazivanja na ljudima™.

Definicija i prevalencija manjka
vitamina D

lako je kalcitriol aktivan oblika vitamina D, njegova serum-
ska koncentracija ne odrazava ukupni status vitamina D te
klinicki nije od znacaja. Serumska koncentracija kalcidiola
koja odrazava koncentraciju vitamina D i endogenog i eg-
zogenog podrijetla se uzima kao mjera za klinicko odre-
divanje vitamin D statusa®. Nekoliko je razloga za to: 1. vri-
jeme poluzivota kalcidiola je duze od vremena poluzivota
kalcitriola ( -3 tjedna u odnosu na -8 sati), 2. koncentracija
kalcidiola u cirkulaciji je 1.000x veca od koncentracije kal-
citriola (ng/ml u odnosu na pg/ml), 3. stvaranje kalcitriola je
uglavnom pod utjecajem PTH koji regulira i koncentraciju
kalcija. Zbog toga je moguce da koncentracija kalcitriola
bude poviSena u bolesnika s teskim manjkom vitamina D,
kako bi se odrzala normalna koncentracija kalcija. Vecina
stru¢njaka se slaze da cirkulirajuca koncentracija kalcidiola
predstavlja ukupni vitamin D status pojedinca, ali koja je
optimalna koncentracija vitamina D ostaje upitno. Trenutno
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Previtamin Ds is produced in the skin from 7-dihydroxycho-
lesterol by action of ultraviolet B rays from the sunlight,
which thereafter turns into vitamin Ds. It enters the tissues
with a help of transmission protein to which it is bound in
blood. Overexposure to sunlight cannot lead to hypervita-
minosis D and toxicity, because ultraviolet rays convert ex-
cess vitamin Ds into biologically inert isomer®. Metabolism of
vitamins Dz or Ds in the organism is the same. In the liver, by
activity of the enzyme 25-hydroxylase of cytochrome P 450
vitamin D converts into 25-hydroxyvitamin D (25(0OH)D, cal-
cidiol) which is biologically less active®. The most important
step occurs in the kidney where 1.25-dihydroxyvitamin D
(1.25(0H)=D, calcidiol) is produced from 25(0OH)D by the
activity of PTH on 1-alpha-hydroxylase, the effect of which
in the nucleus and composition equals those of steroid hor-
mones®. Vitamin D receptor is present in most of the tissues,
including endothelial cells, smooth muscle cells of blood
vessels and myocardial cells’. Both smooth muscle cells of
blood vessels and endothelial cells are capable of conver-
ting calcidiol to calcitriol’. The effects of vitamin D are achie-
ved by the interaction calcitriol and VDR***. Circulating cal-
citriol passes through the cell membrane, enters the cyto-
plasm and binds to VDR in the nucleus. VDR complex-
1,25(0OH)=D forms heterodimer with X-retinoic acid receptor,
binds to the DNA acceptor site and stimulates transcription
of genes and the synthesis of new mRNA. Directly and indi-
rectly, calcitriol regulates over 200 genes, including the ge-
nes important for the production of renin in the kidney, pro-
duction of insulin in the pancreas, release of cytokines from
lymphocytes, growth and proliferation of vascular smooth
muscle cells and myocardial cells®’. With relatively low bio-
logical activity, calcidiol is the form that has the largest con-
centration in the circulation and is taken for determining the
total stock of vitamin Ds. While endocrine activity of the
active metabolite, calcitriol, is characterized by maintaining
homeostasis of calcium and phosphate', recent studies ha-
ve focused on the autocrine and paracrine actions of vitamin
D. Autocrine/paracrine action of vitamin D is best indicated
in the skin and the immune system, where it regulates cellu-
lar differentiation and maturation. Recent studies indicate
that the autocrine/paracrine action in the main bone cells al-
so regulates the proliferation and differentiation. Studies in
rats have shown that adequate serum concentration of cal-
cidiol is critical for optimal bone health and for the preven-
tion of osteoporosis which coincides with the results of clin-
ical studies in humans™.

Definition and prevalence of vitamin D
deficiency

Although calcitriol is the active form of vitamin D, its serum
concentration does not reflect the overall status of vitamin D
and is of no clinical significance. Serum calcidiol concentra-
tion that reflects the concentration of vitamin D and of endo-
genous and exogenous origin is taken as a measure for the
clinical determination of vitamin D status®. There are several
reasons for this: 1. half-life of calcidiol is longer than the half-
life of calcitriol (-3 weeks compared to -8 hours), 2. concen-
tration of calcidiol in the circulation is 1,000x greater than the
concentration of calcitriol (ng/ml compared to the pg/ml ) 3.
formation of calcitriol is mainly influenced by regulating PTH
which regulates the calcium concentration. For that reason
the calcitriol concentration may be elevated in patients with
severe vitamin D deficiency, in order to maintain normal cal-
cium concentration. Most experts agree that the circulating
concentration of calcidiol represents total vitamin D status of
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se manjak vitamina D definira kao koncentracija kalcidiola
manja od 20 ng/ml****. Postoji i definicija da koncentracija
kalcidiola izmedu 20 i 30 ng/ml oznagava relativnu insufici-
jenciju vitamina D, dok koncentracija iznad 30 ng/ml pred-
stavlja zadovoljavajuéu koncentraciju vitamina D>'**, Into-
ksikacijske koncentracije vitamina D smatraju se one iznad
150 ng/ml i uzrokuju tesku hiperkalcemiju, hiperfosfatemiju i
bubrezno ostecenje (Tablica 2)>**". Cimbenici rizika za ma-
njak vitamina D su sljedeci: nedovoljno izlaganje suncevoj
svjetlosti, tamnija put, uznapredovale godine, hospitalizaci-
ja, manjak unosa vitamina D hranom, zivot u sjevernoj Zem-
ljiinoj polutki, sindrom malapsorpcije, lijekovi koji ubrzavaju
metabolizam kalcitriola (fenitoin, fenobarbital, kortikosteroi-
di), kroniéna bubrezna bolest, disfunckija jetre, pretilost.

an individual, but what is the optimal concentration of vita-
min D remains questionable. Currently, vitamin D deficiency
is defined as a concentration of calcidiol less than 20
ng/mP>***. There is a definition that calcidiol concentration
between 20 and 30 ng/ml indicates the relative insufficiency
of vitamin D, while the concentration above 30 ng/ml is a
sufficient concentration of vitamin D>, Intoxication con-
centrations of vitamin D are considered to be those above
150 ng/ml and cause severe hypercalcemia, hyperphos-
phatemia and renal damage (Table 2)***. The risk factors
of vitamin D insufficiency are the following: insufficient expo-
sure to sunlight, brown tan, advanced age, hospitalization,
insufficient intake of vitamin D with food, life in the northern
hemisphere, malabsorption syndrome, drugs that speed up
the metabolism of calcitriol (phenytoin, phenobarbital, corti-
costeroids), chronic kidney disease, liver dysfunction, obesi-

ty.

Table 2. Relationship between serum 25-hydroxyvitamin — concentration and health.

25-Hydroxyvitamin D

Concentration (ng/ml) Status Health Consequence

<15 Severe deficienc Can lead to rickets and severe

y bone disease
- Inadequate bone health and

<20 Deficient osteoporosis
Recently considered

20-30 Relative insufficiency inadequate for optimal health
status

>30 Adequate stores Optimal health status
Hypercalcemia,

>150 Toxicity hyperphosphatemia, and
renal impairment

Patofiziologija vitamina D u sréanozilnim
bolestima

Dosadasnja mnogobrojna istraZivanja upucuju na inverznu
povezanost serumske koncentracije vitamina D i disfunkcije
sréanozilnog sustava'™". Prva istrazivanja koja su poku$ala
dokazati povezanost vitamina D i SZB su radena na mode-
lima $takora s manjkom vitamina D prije viSe od 20 godi-
na*®. Ta istrazivanja na zivotinjama su pokazala vezu iz-
medu manjka vitamina D i hipertrofije sr¢anih klijetki, fibroze,
arterijske hipertenzije. Podupirala su ulogu vitamina D u odr-
zavanju sréanozilnog sustava putem neposrednog utjecaja
kalcitriola na kardiomiocite i posredno putem djelovanja na
cirkulirajuce hormone i kalcij.

Prvi klinicki dokazi da bi manjak vitamina D mogao imati
utjecaj na razvoj SZB videni su u bolesnika s terminalnim
stadijem kroni¢ne bubrezne insuficijencije (ESRD)*. Zbog
smanjene bubrezne funkcije, pretvorba kalcidiola u kalcitriol
je smanjena $to dovodi do manjka aktivnog oblika vitamina
D*. Zbog manjka kalcitriola razvija se sekundarni hiperpa-
ratireoidizam $to dovodi do porasta koncentracije PTH™.
PoviSena koncentracija PTH se povezuje s porastom AT i
povecanom kontrakcijom miokarda $to dovodi do hipertrofi-
je i fibroze miokarda te zatajivanja srca®. Smanjenje hiper-
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Pathophysiology of vitamin D in
cardiovascular diseases

Numerous studies conducted so far suggest an inverse as-
sociation of serum concentrations of vitamin D and cardio-
vascular system dysfunction'*. The first studies that were
to prove the connection between vitamin D and CVDs were
conducted on models of rats with vitamin D deficiency more
than 20 years ago®®. These trials on animals showed a link
between vitamin D deficiency and cardiac ventricular hyper-
trophy, fibrosis and arterial hypertension. They supported the
role of vitamin D in maintaining the cardiovascular system
through the direct impact of calcitriol on cardiomyocytes and
indirectly through the effect on circulating hormones and cal-
cium.

The first clinical evidence that vitamin D vitamin deficiency
could have an impact on the development of CVDs was seen
in patients with end-stage chronic renal disease (ESRD)>.
Because of the impaired renal function, the conversion of
calcidiol to calcitriol is reduced causing thus deficiency of
the active form of vitamin D*. Calcitriol deficiency causes a
development of secondary hyperparathyroidism leading to
an elevated concentration of PTH"*. The high PTH concen-
tration is associated with a BP elevation and elevated myo-
cardial contraction which leads to myocardial hypertrophy
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trofije lijeve klijetke (HLK)” uz smanjenje kardiovaskularne
smrtnosti*®* primjeceno je u bolesnika s ESRD i sekundar-
nim hiperparatireoidizmom koji su dobivali aktivni oblik vita-
mina D (kalcitriol ili analog). U toj grupi bolesnika povisena
koncentracija PTH se smatra primarnim uzrokom sréane
disfunkcije te je terapija usmjerena na smanjenje koncen-
tracije PTH. Nekoliko istrazivanja je pokazalo da nakon pa-
ratireoidektomije u bolesnika s ESRD dolazi do smanjenja
AT i HLK, ali neka istrazivanja nisu uocila takve rezulta-
te*¥, 1z tog je proizaslo pitanje da li je poviSena razina
PTH jedini uzrok sr¢ane disfunkcije u bolesnika s ESRD.
Tako je nastala hipoteza o direktnom ucinku vitamin D na
sr¢anu funkciju. Receptor za vitamin D je prisutan u mnogim
tkivima koja nemaju ulogu u regulaciji metabolizma kalcija
kao sto su limfociti, stanice kolona, hepatociti i sréani mio-
citi®. Izrazena ekpresija VDR na drugim tkivima jaca teoriju
da vitamin D ima i drugu endokrinu ulogu, a ne samo reguli-
ranje homeostaze kalcija9. Vitamin D djelovanjem na VDR
u srcanim stanica regulira ulazak kalcija u stanice, kontrolira
koli¢inu slobodnog kalcija u citosolu te time regulira kon-
traktilnost miokarda i kontrolira rast i proliferaciju stanica®
23% |zravne fizioloSke posliedice nepostojanja VDR na
sr¢anu funkciju su prouc¢avane u nekoliko studija na zivotin-
jama®*¥. U tim studijama, vitamin D receptor knockout mi-
Sevi su usporedeni s misevima divljeg tipa koji imaju prisu-
tan VDR*®*. Histolosko bojenje miokarda pokazalo je vrlo
znacajnu stani¢nu hipertrofiju u vitamin D receptor knockout
mideva u usporedbi s mievima divljeg tipa. Hipertrofija mio-
karda i fibroza miokarda zabiljezena je isklju¢ivo u vitamin D
receptor knockout miseva®®. lIstrazivanje na vitamin D
receptor knockout misevima takoder dokazuje da vitamin D
posredno utje¢e na rad srca zbog svoje uloge kao negativni
regulator renin-angiotenzin-aldosteron sustava (RAAS)™*
Ustanovilo se da je u vitamin D receptor knockout miseva
bila prisutna trostruko izrazenija ekspresije renin glasnicke
RNA (mRNA) i vise od 2,5x povecanje koncentracije an-
giotenzin Il u plazmi u usporedbi s divljim tipom miSeva®.
Kako kalcitriol regulira PTH i odrZzava koncentraciju kalcija,
sekundarni hiperparatiroidizam i hipokalcemija su se nemi-
novno razvili u vitamin D receptor knockout miseva. Vitamin
D receptor knockout midevi su prije razvoja sekundarnog
hiperparatiroidizma dobivali kalcija za odrzavanje odgovara-
juce razine u serumu. Usprkos normalnoj koncentraciji se-
rumskog kalcija i PTH, u vitamin D receptor knockout mise-
va i dalje je zabiljezena povisena proizvodnja renin mRNA i
angiotenzina Il sto ukazuje da kalcitriol ima izravan utjecaj
na RAAS koji je neovisan o Kkalciju ili PTH.

Osim RAAS aktivacije, pojacana aktivacija imunosnog su-
stava ¢esto se povezuje s SZB, tocnije s aterosklerozom i
kalcifikacijom valvula i nestabilnim plakom i njegovim pu-
canjem®. Prekomjerno stvaranje upalnih citokina doprinosi
razvoju i progresiji zatajenja srca®. Eksperimentalne studije
su pokazale da vitamin D igra vaznu ulogu u regulaciji ne-
koliko vaznih upalnih i protuupalnih citokina*“*. U jednoj stu-
diji je opazena smanjena proizvodnja upalnih citokina (inter-
leukin [IL]-6 i ¢imbenika tumorske nekroze [TNF] kada su
aktivirani monociti bili izlozeni kalcitriolu®. Sli¢no, u drugoj
studiji, produkcija protuupalnog citokina IL-10 se zna¢ajno
povecala kada su dendriticke stanice bile izloZene kalcitriolu
u usporedbi s kontrolnim stanicama koje nisu*'. Ove studije
su pokazale da hormonsko djelovanje vitamina D ima ak-
tivnu i izravnu ulogu u regulaciji nekoliko imunomodulator-
skih citokina sto dovodi do smanjenja upale.

Iz rezultata eksperimentalnih laboratorijskih studija proiza-
8la su mnoga klinicka ispitivanja o poveznosti manjka vita-
mina D i arterijske hipertenzije, a neka od njih su dobila poz-
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and fibrosis as well as the heart failure.® Reduction of the
left ventricular hypertrophy (HLK)? along with a reduction of
cardiovascular mortality*®* was observed in patients with
ESRD and secondary hyperparathyroidism who received
the active form of vitamin D (calcitriol or its analog). In this
group of patients, the high PTH level is considered to be the
primary cause of cardiac dysfunction and the therapy is
aimed at reducing the PTH levels. Several trials have shown
that parathyroidectomy in patients with ESRD is followed by
a decrease in BP and LVH, but some trials have not obser-
ved such results”***. This brings up a question of whether
the high PTH level is the only cause of cardiac dysfunction
in patients with ESRD. This is the way how the hypothesis
on a direct effect of vitamin D on cardiac function was set
up. Receptor for vitamin D is present in many tissues, which
do not have a role in the regulation of calcium metabolism
such as lymphocytes, colon cells, hepatocytes and cardiac
myocytes®. The pronounced expression of VDR in other tis-
sues supports the theory that vitamin D also has another en-
docrine role, not only the regulation of calcium homeosta-
sis9. By activity on VDR, vitamin D in cardiac cells regulates
the flux of calcium into the cells, controls the amount of free
calcium in the cytosol and thereby regulates myocardial
contractility and controls the growth and proliferation of
cells®**%%* Direct physiological consequences of non-exis-
tence of VDR on the cardiac function were studied in seve-
ral trials on animals®¥. In these studies, the vitamin D recep-
tor knockout mice were compared to wild type mice, which
have present VDR*®. Histological staining showed a signifi-
cant cell hypertrophy in the vitamin D receptor knockout mi-
ce compared to the wild type mice. Myocardial hypertrophy
and myocardial fibrosis was observed only in the vitamin D
receptor knockout mice®*. The trial on vitamin D receptor
knockout mice also proves that vitamin D directly affects the
heart function due to its role as a negative regulator of renin
— angiotensin-aldosterone system (RAAS)**, It was found
that the vitamin D receptor knockout mice had three times
more pronounced expression of renin messenger RNA
(mRNA) and more than 2.5x increase in concentration of an-
giotensin Il in plasma compared to the wild type mice®. Sin-
ce calcitriol regulates PTH and maintains calcium concen-
tration, secondary hyperparathyroidism and hypocalcemia
inevitably developed in the vitamin D receptor knockout mi-
ce. Vitamin D receptor knockout mice received calcium for
maintenance of appropriate serum levels before the devel-
opment of secondary hyperparathyroidism. Despite normal
serum calcium and PTH level, an increased production of
renin mRN and angiotensin |l is still recorded in vitamin D
receptor knockout mice, indicating that calcitriol has a direct
impact on RAAS which is independent of calcium or PTH.

In addition to RAAS activation, an increased activation of the
immune system is often associated with CVDs, to be more
specific, atherosclerosis and calcification of heart valves
and unstable plaque and its rupture®. Excessive production
of inflammatory cytokines contributes to the development
and progression of the heart failure*. Experimental studies
have shown that vitamin D plays an important role in the re-
gulation of several important inflammatory and anti-inflam-
matory cytokines**. One trial showed a decreased produc-
tion of inflammatory cytokines (interleukin [IL]-6 and tumor
necrosis factors [TNF] when the activated monocytes were
exposed to calcitriol”. Similarly, another trial showed that
the production of anti-inflammatory cytokine IL-10 signifi-
cantly increased when dendritic cells were exposed to cal-
citriol in comparison to control cells that were not exposed
to it". These trials showed that hormonal effect of vitamin D
has a direct and active role in the regulation of several im-
munomodulatory cytokines leading to a reduction of inflam-
mation.
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itivnu povezanost izmedu deficita vitamina D i arterijske hi-
pertenzije, dok neke studije nisu uspjele dobiti takve rezul-
tate*.

Dong i sur. su dokazali da kalcitriol djeluje vazoprotektivno
na krvne zile u bolesnika s arterijskom hipertenzijom.
Djelovanjem na VDR, kalcitriol djeluje povoljno na reno-
vaskularnu disfunkciju u hipertenziji putem uc¢inka na ekpre-
siju i aktivnost pojedinih kljuénih proteina koji sudjeluju u
stvaranju slobodnih radikala. Kalcitriol uravnotezuje stvaran-
je slobodnih radikala, hiperpordukciju angiotenzin 1 recepto-
ra te podjedinica NADPH oksidaze te tako sudjeluje u o¢u-
vanju funkcije endotela u hipertenziji®.

Bolesti kardiovaskularnog sustava i
vitamin D

Buduci da se aktivacija RAAS i imunoloskog sustava po-
vezuje s vaskularnim bolestima, istrazivanja odnosa nedo-
statka vitamina D u ljudi i vaskularnih bolesti je logi¢an ko-
rak. Nedostatak vitamina D se povezivao s mnogim bolesti-
ma vaskularnog sustava, ukljucujuci bolesti perifernih arteri-
ja, aterosklerozu, infarkt miokarda i ishemijski mozdani udar.
Pojedina istrazivanja su pokazala da postoji povezanost iz-
medu nizih koncentracija kalcidiola i vec¢e ucestalosti perifer-
ne arterijske bolesti sugerirajuci da male razlike u koncen-
traciji kalcidiola u serumu mogu uvelike utjecati na rizik od
razvoja bolesti perifernih arterija®. U istrazivanju provede-
nom na bolesnicima sa Secernom bolescu uoceno je da je
teSka ateroskleroza koja je mjerena debljinom intime medije
karotidnih arterija povezana s niZzim koncentracijama vita-
mina D*. Bolesnici s manjkom vitamina D imali su zna¢ajno
vecéu debljinu intime medije karotidne arterije od bolesnika
sa zadovoljavaju¢om koncentracijom vitamina D .

Jasna povezanost izmedu koncentracije vitamina D i pojave
akutnog infarkta miokarda (AIM) nije utvrdena. Jedno istrazi-
vanje je ¢ak pokazalo da su bolesnici koji su dozivjeli AIM
imali povecan unos vitamin D u usporedbi s kontrolnom sku-
pinom, ali nedostatak tog istrazivanja je bio $to nije navede-
na serumska koncentracija kalcidiola®. Nakon ovog istrazi-
vanja proizadle su mnoge studije koje su prouc¢avale kon-
centraciju kalcidiola bolesnika s AIM i kontrolne zdrave sku-
pine te su doSle do rezultata da se razina vitamina D nije
bitno razlikovala izmedu skupina®®'. Novija istraZivanja su
ipak uocila povezanost nize koncentracije kalcidiola i po-
vecanog rizika za nastanak AIM, u kojima se manjak vitam-
ina D pokazao kao nezavisni ¢imbenik rizika za razvoj nefa-
talnog AIM ili fatalne koronarne bolesti srca s tim da su ispi-
tanici s koncentracijom vitamin D 30 ng/ml i viSe imali upola
maniji rizik®.

Povezanost manjka vitamina D i SZB koje su definirane kao
koronarnih bolest srca, bolest perifernih arterija i cerebro-
vaskularna bolest takoder je prou¢avana u nekoliko studi-
ja®*. U istrazivanju na preko 400 bolesnika sa $e¢ernom
bolescu uoceno je da bolesnici s manjkom vitamina D (de-
finirano kao <20 ng/ml) imaju veéu prevalenciju SZB koja je
ostala statisticki znacajna i nakon prilagodbe za bubreznu
funkciju, lijekove, vrijednost LDL, prisutnost metaboli¢kog
sindroma i vrijednost hemoglobina A1c .

Jedna studija je proucavala moze li manjak vitamina D biti
prediktor za razvoj SZB*. Proucavano je 1.739 bolesnika
bez poznatih SZB ili bubrezne bolesti te su im izmjerene
koncentracije kalcidiola. Bolesnici su praceni prosje¢no 5,4
godine te se pratila ucestalost AIM, mozdanog udara, an-
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The results of experimental lab trials resulted in many clini-
cal studies on association between vitamin D deficiency and
hypertension, and some of them showed a positive associa-
tion between vitamin D deficiency and hypertension, while
some studies failed to obtain such results*.

Dong et al. have proved that calcitriol acts in a vasoprote-
cive way on the blood vessels in patients with arterial hyper-
tension. By action of the VDR, calcitriol has a beneficial ef-
fect on renovascular hypertension through the effect on the
expression and activity of specific key proteins that are in-
volved in the creation of free radicals. Calcitriol balances the
formation of free radicals, hyperproduction of angiotensin re-
ceptor 1 and subunits of NADPH oxidase and thus partici-
pates in the preservation of endothelial function in hyperten-
sion®,

Cardiovascular diseases and vitamin D

Since the activation of RAAS and the immune system is as-
sociated with vascular diseases, the research of the relation-
ship of vitamin D deficiency and vascular diseases is a logi-
cal step. Vitamin D deficiency was associated with many
vascular diseases, including peripheral artery diseases, ath-
erosclerosis, myocardial infarction and ischemic stroke. So-
me trials have shown that there is a correlation between lo-
wer calcidiol concentrations and higher incidence of periphe-
ral arterial disease, suggesting that small differences in the
concentration of calcidiol in serum can greatly affect the risk
of developing peripheral artery diseases®. The trial conduc-
ted on patients with diabetes showed that severe athero-
sclerosis as measured by intima media thickness of the
carotid arteries is associated with lower concentrations of vi-
tamin D¥. The patients with vitamin D deficiency had signifi-
cantly greater intima media thickness of the carotid artery
than the patients with sufficient concentration of vitamin D.

A clear correlation between the concentration of vitamin D
and the occurrence of acute myocardial infarction (AMI) has
not been established. One trial even showed that the pa-
tients who had a history of AMI showed an increased intake
of vitamin D compared with the control group, but the disad-
vantage of this trial was that the serum concentration of cal-
cidiol was not indicated®. This trial was followed by many
studies that studied the concentration of calcidiol in patients
with AMI and healthy control group and reached a conclu-
sion that the level of vitamin D did not significantly differ
among the groups*®'. Recent studies have, however sho-
wed the connection between a lower concentration of calci-
diol and an increased risk of AMI, where vitamin D deficien-
cy proved to be an independent risk factor for the develop-
ment of non-fatal AMI or fatal coronary heart disease, pro-
vided that the subjects with vitamin D concentration of 30
ng/ml and more had twice lower risk®.

The connection between vitamin D deficiency and CVD defi-
ned as coronary heart disease, peripheral artery disease,
and cerebrovascular disease has also been studied in seve-
ral trials*®**. The trial conducted on over 400 patients with
diabetes showed that patients with vitamin D deficiency (de-
fined as <20 ng/ml) had higher prevalence of CVD which re-
mained statistically significant even after the adjustment for
renal function, medications, LDL, presence of metabolic
syndrome and value of hemoglobin A1c.

One trial studied whether vitamin D deficiency can be a pre-
dictor for the development CVD*. 1,739 patients without
known CVD or kidney disease were studied and their con-
centrations of calcidiol were measured. Patients were fol-
lowed up over a median period of 5.4 years and incidence of
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gine pektoris, tranzitorne ishemijske atake, klaudikacija ili
zatajivanja srca. Pokazalo se da je nedostatak vitamina D
(<5 ng/ml) povezan s povecéanim rizikom za razvoj SZB.

Mnoga opservacijska istrazivanja upucuju na povezanost
manjka vitamina D i SZB, ukljucujuéi perifernu vaskularnu
bolest*, poveéano zadebljanje intime medije karotidnih arte-
rija®” i AIM*. Nadalje, nedostatak vitamina D je povezan sa
smrtno$éu od SZB, ali i ukupnom smrtnosti®***. lako su ta
istrazivanja opservacijska, njihovi podaci podupiru hipotezu
predlozenu od strane ranih eksperimentalnih studija. 1z me-
ta-analize Autiera i Gandinija koja je uklju¢ivala 18 rando-
miziranih kontroliranih studija je proizaslo da terapija vita-
minom D dovodi do smanjenja ukupne smrtnosti za 7%.
Bitna je ¢injenica da su studije koje su bile uklju¢ene u ana-
lizu koristile medusobno jako razli¢ite doze vitamina D*%.

Wang i sur. su proucili 8 randomiziranih kontroliranih studi-
ja i zakljucili da je smanjenije rizika od oboljenja od SZB pri
koristenju srednjih do visokih doza vitamina D neznacaj-
n058,60.

Vitamin D i zatajivanje srca

Aktivacija RAAS i imunolodkog sustava povezana s nedo-
statkom vitamina D ima potencijal da uzrokuje Stetne ucinke
u bolesnika sa zatajivanjem srca. Odnos izmedu razine vi-
tamina D te ucestalost i stupanj zatajivanja srca je istrazena
u nekoliko studija®®. Istrazivanje na Afroamerikancima koji
su bili podijeljeni u tri skupine sréanog zatajivanja nije do-
kazalo povezanost izmedu koncentracije kalcidiola i stupnja
sr¢anog zatajivanja. Jedno drugo istraZivanje je proucavalo
bolesnike sa zatajivanjem srca koji su prolazili testiranja za
listu ¢ekanja za transplantaciju srca®. Bolesnici koji su imali
tezi stupanj zatajivanja srca imali su zna¢ajno nize koncen-
tracije kalcidiola od onih s blazim stupnjem.

Podaci iz studije LURIC koja je prou¢avala povezanost kon-
centracije kalcidiola i renin-angiotenzin sustava u bolesnika
koji su bili podvrgnuti koronarografiji®* sluzili su za pro¢ava-
nje odnosa izmedi manjka vitamina D i smrtnog dogadaja
uzrokovanog sréanim zatajivanjem ili iznenadnom sréanom
smréu®. Pokazalo se da su bolesnici s tesSkim nedostatkom
vitamina D (kalcidiol <10 ng/ml) imali zna¢ajno veci rizik za
smrt zbog zatajivanja srca i iznenadne sr¢ane smrti u us-
poredbi s bolesnicima s optimalnom koncentracijom vitami-
na D (kalcidiol =30 ng/ml). Takoder se pokazalo da je se-
rumska koncentracija kalcidiola obrnuto proporcionalna
koncentraciji NT-proBNP i stupnju NYHA klasifikacije.

Vitamin D i koronarna bolest srca

Koronarna bolest srca (KBS) je i dalje jedan od vodecih uz-
roka smrti u razvijenim zemljama unato¢ napretku medicine.
Stariji bolesnici koji su preboljeli akutni koronarni sindrom
imaju teze klinicke posljedice sto je vezano uz brojne ko-
morbiditete, ali i uz malnutriciju, a snizene koncentracije vit-
amina D se takoder spominju kao jedan od bitnih ¢imbeni-
ka. Niske vrijednosti vitamina D se povezuju s poja¢anim
odlaganjem kacija u koronarnim arterijama, oStecenom
funkcijom endotela i poveéanim vaskularnim otporom® %,
Chen i sur. su prouc¢avali povezanost vitamina D i tezine
KBS. Tezina KBS je mjerena SYNTAX ljestvicom. Bolesnici
koji su imali koncentraciju vitamina D <20 ng/mL, imali su
vedi rezultat prema ljiestvici SYNTAX®. Bajaj i sur. su pratili
3.019 bolesnika od 65 godina i starije kroz Sest godina.
Proucavali su dvije grupe bolesnika, jedna s koncentracijom
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AMI, stroke, angina pectoris, transient ischemic attack, clau-
dication or heart failure was monitored. It has been shown
that vitamin D deficiency (<5 ng/ml) was associated with an
increased risk for the development of CVD.

Many observational studies suggest a connection between
vitamin D deficiency and CVD, including peripheral vascular
disease®, increased thickening of intima media of the caro-
tid arteries”” and AMI®. Furthermore, vitamin D deficiency is
associated with mortality from CVDs, but also with the total
mortality®**" Although these studies are observational
ones, their data support the hypothesis suggested by the
early experimental studies. Meta-analysis of Autiero and
Gandini which included 18 randomized controlled trials sho-
wed that the therapy with vitamin D leads to a reduction in
total mortality by 7%. The important fact is that the studies
that were included in the analysis used doses of vitamins D
that differed from each other to a great extent®*.

Wang et al. studied eight randomized controlled trials and
concluded that the reduction of the risk of CVD while using
medium to high doses of vitamin D was insignificant®®.

Vitamin D and heart failure

Activation of RAAS and immune system associated with a
vitamin D deficiency may cause adverse effects in patients
with heart failure. The relation between vitamin D level and
incidence and degree of heart failure has been explored in
several studies®*. The trial on African-Americans who were
divided into three groups of heart failure has not proven the
correlation between the concentration of calcidiol and a de-
gree of heart failure. Another trial studied the patients with
heart failure who were undergoing the tests for the list for
the heart transplant®. Patients who had a more severe de-
gree of heart failure had significantly lower concentrations of
calcidiol than those with a milder degree.

Data from the LURIC trial which studied the correlation bet-
ween calcidiol and the renin-angiotensin system in patients
who underwent coronarography® were used for studying the
relationship between vitamin D deficiency and fatal event
caused by heart failure or sudden cardiac death®. It was
shown that patients with severe vitamin D deficiency (calci-
diol <10 ng/ml) had a significantly higher risk of death due to
heart failure and sudden cardiac death compared to patients
with optimal concentration of vitamin D (calcidiol >30
ng/ml). It was also shown that the serum concentration of
calcidiol is inversely proportional to the concentration of NT-
proBNP and degree of NYHA classification.

Vitamin D and coronary heart disease

Coronary artery disease (CAD) remains the leading cause
of death in developed countries despite the advance in med-
icine. Elderly patients who have a history of acute coronary
syndrome suffer from severe clinical consequences, which
is related to a number of comorbidities, but also to malnutri-
tion, whereas reduced concentrations of vitamin D are also
mentioned as one of the important factors. Low levels of
vitamin D are associated with an increased depositing of
calcium in the coronary arteries, impaired endothelial func-
tion and increased vascular resistance*®**. Chen and et.
studied the association of vitamin D and severity of CAD.
The severity of CAD was measured by SYNTAX scale. Pa-
tients who had vitamin D concentration <20 ng/mL, had a
higher score on the SYNTAX scale®. Bajaj and et. have fol-
lowed up 3,019 patients aged 65 and older for six years.
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vitamina D manjom od 20 ng/mL, a druga s koncentracijom
>20 ng/mL. Konacni ishod koji su pratili je bila KBS i cere-
brovaskularni dogadaj. Nisu uogili znacéajnu razliku izmedu
grupa za rizik od KBS, ali su uogili vedi rizik za oboljenje od
cerebrovaskularnih dogadaja u grupi s nizom koncentraci-
jom vitamina D™.

Unato¢ dosadasnjim istrazivanjima, samo nekoliko randomi-
ziranih kontroliranih studija je proucavalo ucinke dodatka vi-
tamina D na prevenciju SZB. Vecina istrazivanja je prouca-
vala ucinke niskih doza vitamina D na populaciji relativno
niskog rizika®. Potrebna su daljnja istrazivanja na starijoj po-
pulaciji visokog rizika s akutnim koronarnim sindromom ka-
ko bi se potvrdila u¢inkovitost vitamina D u prevenciji.

Nedostatak vitamina D i zivotna dob

U djecjoj dobi nedostatak vitamina D uzrokuje rahiti¢he pro-
mjene na kostima. U odrasloj dobi nedostatka vitamina D se
manifestira osteomalacijom (bolovi u kostima, deformacija
skeleta) i najéesce se javlja u starijoj dobi. Kod takvih osoba
serumska koncentracija kalcidiola je ispod 20 nmol/L, uz po-
vienu vrijednost PTH.

U zadnjih nekoliko godina postalo je o¢ito da nedostatak vi-
tamina D manjeg stupnja moze dovesti do sekundarnog hi-
perparatireoidizma koji dovodi do razvoja osteoporoze s mo-
gucéim teskim komplikacijama i javnozdravstvenim poslje-
dicama’”. Pokazalo se da bolesnici koji su imali spontani
prijelom kostiju imaju niZze koncentracije vitamina D nego
kontrolna skupina.

Dodatak vitamina D i kalcija se pokazao ucinkovit u lijec¢enju
insuficijencije vitamina D, sekundarnog hiperparatireoidizma
i smanjenja rizika od prijeloma kuka i drugih nevertebralnih
fraktura u pojedinaca smjestenih u domovima za starije oso-
be™. Novija istrazivanja nisu uspjela dokazati taj povoljni u¢i-
nak u osoba koje su smjestene u vlastitim domovima™’.
Prije mnogo godina manjak vitamina D je bio problem dijag-
nosticiranja i lije¢enja djecije dobi pretezno u velikim gra-
dovima. Danas je manjak vitamina D veliki javnozdravstveni
problem koji zahvaca populaciju starije dobi koja boravi u
domovima za starije osobe. Unato¢ brojnim istrazivanjima,
terapija preparatima kalcija i vitaminom D ne dovodi uvijek
do Zeljenog ucinka.

Zakljuéak

Eksperimentalna istraZivanja na Zivotinjama pokazala su da
nedostatak vitamina D dovodi do povecanog izlu¢ivanja
paratiroidnog hormona i aktivacije RAAS i imunoloskog sus-
tava. Brojne opservacijske studije na ljudima su takoder po-
vezala manjak vitamina D i SZB. Unato¢ velikom broju istra-
Zivanja, mali broj randomiziranih, kontroliranih studija je pro-
ucavao korist dodatka vitamina D za snizavanje kardiova-
skularnog rizika. Manji broj istrazivanja sugerira da pove-
¢anje koncentracije kalcidiola moze biti od koristi u bolesni-
ka sa zatajivanjem srca ili povisenim AT.

lako procjena vitamin D statusa i lije¢enje dodatkom vitami-
na D nije rutinski dio lije¢enja, mozda bi se trebao uzeti u
obzir u bolesnika kod kojih se ne postizu optimalni rezultati
lijecenja unato¢ provedenoj zadovoljavajucoj terapiji. Po-
trebna su velika randomizirana kontrolirana istrazivanja ka-
ko bi se ispitalo ima li lije¢enje vitaminom D ucinka na pre-
venciju ili lijecenje SZB.
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They studied two groups of patients, one with a concentra-
tion of vitamin D less than 20 ng/mL, and the other with a
concentration =20 ng/mL. The final outcome they obtained
was CAD and cerebrovascular event. They did not notice a
significant difference between the groups regarding the risk
of CAD, but noticed a greater risk of cerebrovascular events
in the group with a lower concentration of vitamin D”.

Despite previous trials, only a few randomized controlled tri-
als studied the effects of the addition of vitamin D to prevent
CVDs. Most trials studied the effects of low doses of vitamin
D on the population of a relatively low risk®.Further trials are
needed on elderly populations with a high risk of acute coro-
nary syndrome in order to verify the effectiveness of vitamin
D in prevention.

Vitamin D deficiency and age

In childhood, vitamin D deficiency causes rachitic changes
in the bones. In adulthood, vitamin D deficiency was reflect-
ed in osteomalacia (bone pain, skeletal deformities) and
most often it occurs in older age. In such persons, serum
concentration of calcidiol is below 20 nmol/L , with elevated
PTH level.

In the last few years it has become apparent that the lack of
vitamin D of a minor degree can cause secondary hyperpa-
rathyroidism, which leads to the development of osteoporo-
sis with possible severe complications and public health
consequences’™. It was shown that the patients who had
spontaneous bone fracture have lower concentration of vita-
min D than the control group.

The addition of vitamin D and calcium proved to be effective
in the treatment of vitamin D insufficiency, secondary hyper-
parathyroidism and reduction of the risk of hip fracture and
other non-vertebral fractures in individuals accommodated
in the nursing homes for the elderly™. Recent studies failed
to demonstrate the beneficial effect in persons who are ac-
commodated in their own homes™”. Many years ago, vita-
min D deficiency was the problem regarding diagnosis and
treatment at children age mainly in large cities. Today, vita-
min D deficiency is a public health problem that affects the
elderly population residing in the nursing homes for the el-
derly. Despite numerous trials, the therapy by using prepa-
rations of calcium and vitamin D do not always lead to the
desired effect.

Conclusion

Experimental trials on animals have shown that vitamin D
deficiency leads to increased secretion of parathyroid hor-
mone and activation of the RAAS and the immune system.
Numerous observational studies on humans were also as-
sociated with vitamin D deficiency and CVDs. Despite a
great number of trials, a small number of randomized, con-
trolled trials have studied the benefit of addition of vitamin D
for lowering cardiovascular risk. A small number of trials
suggest that increasing concentrations of calcidiol may be
beneficial in patients with heart failure or elevated BP.

Although the evaluation of vitamin D status and the treat-
ment by adding vitamin D is not a routine part of the treat-
ment, maybe it should be considered in patients in whom
optimal treatment results are not achieved in spite of a sat-
isfactory therapy conducted. Large randomized controlled
trials are required to examine whether the treatment with

2014;9(5-6):270.



Received: 18" Mar 2014; Updated: 22" Apr 2014; Accepted: 3¢ May 2014. vitamin D has an effect on the prevention or treatment of

Klinicki bolnicki centar Sestre milosrdnice, Vinogradska 29, HR-10000 Zagreb, CVD.
Croatia.

Phone: +385-1- 3787-526
E-mail: drasko.pavlovic@kbcsm.hr

Literature

1. Khazai N, Judd SE, Tangpricha V. Calcium and vitamin D: skeletal and extraskeletal health. Curr Rheumatol Rep. 2008;10:110-7.

2. Nibbelink KA, Tishkoff DX, Hershey SD, et al. 1,25 (OH)2-vitamin D3 actions on cell proliferation, size, gene expression, and receptor licalization, in the HL-1 cardiac myocyte.
J Steroid Biochem Mol Biol. 2007;103:533-7.

3. Wu-Wong JR, Nakane M, Ma J, et al. Effects of Vitamin D analogs on gene expression profiling in human coronary artery smooth muscle cells. Atherosclerosis. 2006;186:20-8.

4. Merke J, Milde P, lewicka S, et al. Indetification and regulation of 1,25-dihydroxyvitamin D3 receptor activity and biosynthesis of 1,25-dihydroxyvitamin D3. Studies in cultured
bovine aortic endithelial cells and human dermal capillaries. J Clin Invest. 1989;83:1903-15.

5. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357:266-81.
6. Wikvall K., Cytochrome P450 enzymes in the bioactivation of vitamin D to its hormonale form. Int J Mol Med 2001;7:201-9.
7. Zittermann A. Vitamin D and disease prevention with special reference to cardiovascular disease. Prog Biophys Mol Biol. 2006;92:39-48.

8. Zehnder D, Bland R Chana RS, et al. Synthesis of 1,25-dihydroxyvitamin D(3) by human endothelial cells is regulated by inflammatory cytokines: a novel autocrine determina-
tion of vascular cell adhesion. J Am Soc Nephrol. 2002;13:621-9.

9. Li YC, Qiao G, Uskokovic M, Xiang W, Zheng W, Kong J. Vitamin D: a negative endocrine regulator of the reninangiotensin system and blood pressure. J Steroid Biochem Mol
Biol. 2004;89-90:387-92.

10. Zhou C, Assem M, Tay JC, et al. Steroid and xenobiotic receptor and vitamin D receptor crosstalk mediates CYP24 expression and drug-induced osteomalacia. J Clin Invest.
2006;116:1703-12.

11. Pavlovic D, Tomic Brzac H. Prevention and treatment of secondary hyperparathyroidism : still a challenge for the nephrologist? Nephrol Dial Transplant. 2003;18:45-6.
12. Morris HA, Anderson PH. Autocrine and paracrine actions of vitamine d. Clin Biochem Rev. 2010;31:129-38.

13. Holick MF, Chen TC. Vitamin D deficiency: a world problem with health consequences. Am J Clin Nutr. 2008;87:1080-6.

14. Holick MF. Vitamin D status: measurement, interpretation, and clinical application. Ann Epidemiol. 2009;19:73-8.

15. Heaney RP. Vitamin D endocrine physiology. J Bone Miner Res. 2007;22:V25-7.

16. Heaney R. Vitamin D and calcium interactions: functional outcomes. Am J Clin Nutr 2008;88:541-4.

17. Dong JH, Lau CW, Wong SL, Huang Y. Cardiovascular benefits of vitamin D. Acta Physiologica Sinica 2014;66:30-6.

18. Kong J, Kim GH, Wei M, et al. Therapeutic effects of vitamin D analogs on cardiac hyperthrophy in spontaneously hypertensive rats. Am J Pathol. 2010;177:622-31.

19. Vaidya A, Forman JP, Hopkins PN, Seely EW, Williams JS. 25-Hydroxyvitamin D is associated with plasma renin activity and the pressor response to dietary sodium intake in
Caucasians. J Renin Angiotensin Aldosterone Syst. 2011;12:311-9.

20. Weishaar RE, Kim SN, Saunders DE, Simpson RU. Involvement of vitamin D3 with cardiovascular function. Ill. Effects on physical and morphological properties. Am J Physiol
1990;258:134-42.

21. Weishaar RE, Simpson RU. Vitamin D3 and cardiovascular function in rats. J Clin Invest 1987;79:1706-12.

22. Weishaar RE, Simpson RU. Involvement of vitamin D3 with cardiovascular function Il. Direct and indirect effects. Am J Physiol Endocrinol Metab. 1987;253:675-83.
23. Pavlovi¢ D, Josipovi¢ J, Pavlovi¢ N. Vitamin D in cardiovascular and renal disease prevention. Journal of Medi Biochem. 2013;32:11-5.

24. Pavlovi¢ D, Josipovi¢ J, Pavlovi¢, N. Vitamin D and hypertension. Period Biol. 2011;113:299- 302.

25. Zittermann A, Schleithoff SS, Koerfer R. Vitamin D insufficiency in congestive heart failure: why and what to do about it? Heart Fail Rev. 2006;11:25-33.

26. Rostand SG, Drueke TB. Parathyroid hormone, vitamin D, and cardiovascular disease in chronic renal failure. Kidney Int. 1999;56:383-92.

27. Park CW, Oh YS, Shin YS, et al. Intravenous calcitriol regresses myocardial hypertrophy in hemodialysis patients with secondary hyperparathyroidism. Am J Kidney Dis.
1999;33:73-81.

28. Shoji T, Shinohara K, Kimoto E, et al. Lower risk for cardiovascular mortality in oral 1-alpha-hydroxy vitamin D3 users in a haemodialysis population. Nephrol Dial Transplant.
2004;19:179-84.

29. Teng M, Wolf M, Ofsthun MN, et al. Activated injectable vitamin D and hemodialysis survival: a historical cohort study. J Am Soc Nephrol. 2005;16:1115-25.
30. Driieke T, Fleury J, Toure Y, et al. Effect of parathyroidectomy on left-ventricular function in haemodialysis patients. Lancet. 1980;1:112-4.

31. Gafter U, Battler A, Eldar M, et al. Effect of hyperparathyroidism on cardiac function in patients with end-stage renal disease. Nephron. 1985;41:30-3.

32. DeLuca HF. Overview of general physiologic features and functions of vitamin D. Am J Clin Nutr 2004;80:1689-96.

33. Nibbelink KA, Tishkoff DX, Hershey SD, Rahman A, Simpson RU. 1,25(0OH)2-vitamin D3 actions on cell proliferation, size, gene expression, and receptor localization, in the
HL-1 cardiac myocyte. J Steroid Biochem Mol Biol. 2007;103:533-7.

34. Walters MR, llenchuk TT, Claycomb WC. 1,25-dihydroxyvitamin D3 stimulates 45Ca2 uptake by cultured adult rat ventricular cardiac muscle cells. J Biol Chem. 1987;262:2536-
41.

35. Rahman A, Hershey S, Ahmed S, Nibbelink K, Simpson RU. Heart extracellular matrix gene expression profile in the vitamin D receptor knockout mice. J Steroid Biochem Mol
Biol 2007;103:416-19.

36. Simpson RU, Hershey SH, Nibbelink KA. Characterization of heart size and blood pressure in the vitamin D receptor knockout mouse. J Steroid Biochem Mol Biol 2007;103:521-
4.

37. Xiang W, Kong J, Chen S, et al. Cardiac hypertrophy in vitamin D receptor knockout mice: role of the systemic and cardiac renin-angiotensin systems. Am J Physiol Endocrinol
Metab. 2005;288:125-32.

38. Li YC, Kong J, Wei M, et al. 1,25-dihydroxyvitamin D3 is a negative endocrine regulator of the renin-angiotensin system. J Clin Invest 2002;110:229-38.
39. Zittermann A, Koerfer R. Protective and toxic effects of vitamin D on vascular calcification: clinical implications. Mol Aspects Med. 2008;29:423-32.
40. Mann DL, Young JB. Basic mechanisms in congestive heart failure: recognizing the role of proinflammatory cytokines. Chest. 1994;105:897-904.

41. Canning MO, Grotenhuis K, Wit H, Ruwhof C, Drexhage HA. 1-alpha,25-dihydroxyvitamin D3 (1,25(0OH)2D3) hampers the maturation of fully active immature dendritic cells from
monocytes. Eur J Endocrinol. 2001;145:351-7.

42. Miller K, Haahr PM, Diamant M, Rieneck K, Kharazmi A, Bendtzen K. 1,25-Dihydroxyvitamin D3 inhibits cytokine production by human blood monocytes at the posttranscrip-
tional level. Cytokine. 1992;4:506-12.

43. Zhu Y, Mahon BD, Froicu M, Cantorna T. Calcium and 1-alpha,25-dihydroxyvitamin D 3 target the TNF-alpha pathway to suppress experimental inflammatory bowel disease.
Eur J Immunol. 2005;35:217-24.

44. Dong JH, Wong SL, Lau CW, et al. Calcitriol restores renovascular function in estrogen-deficient rats through downregulation of cyclooxygenase-2 and the thromboxane-
prostenoid receptor. Kidney Int. 2013;84:54-63.

45. Dong JH, Wong SL, Lau CW, et al. Calcitriol protects renovascular function in hypertension by downregulating angiotensin Il type 1 receptors and reducing oxidative stress. Eur
Heart J. 2012;33:2980-90.

2014;9(5-6):271. Cardiologia CROATICA



46. Melamed ML, Muntner P, Michos ED, et al. Serum 25-hydroxyvitamin D levels and the prevalence of peripheral arterial disease: results from NHANES 2001 to 2004. Arterioscler
Thromb Vasc Biol. 2008;28:1179-85.

47. Targher G, Bertolini L, Padovani R, et al. Serum 25-hydroxyvitamin D3 concentrations and carotid artery intimamedia thickness among type 2 diabetic patients. Clin Endocrinol.
2006;65:593-7.

48. Lindén V. Vitamin D and myocardial infarction. Br Med J. 1974;3:647-50.

49. Lund B, Badskjaer J, Lund BJ, Soerensen OH. Vitamin D and ischaemic heart disease. Horm Metab Res. 1978;10:553-6.

50. Schmidt-Gayk H, Goossen J, Lendle F, Seidel D. Serum 25-hydroxycalciferol in myocardial infarction. Atherosclerosis. 1977;26:55-8.

51. Vik B, Try K, Thelle DS, Forde OH. Tromso heart study: vitamin D metabolism and myocardial infarction. Br Med J. 1979;2:176.

52. Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-Hydroxyvitamin D and risk of myocardial infarction in men: a prospective study. Arch Intern Med. 2008;168:1174-80.

53. Cigolini M, lagulli MP, Miconi V, et al. Serum 25-hydroxyvitamin D 3 concentrations and prevalence of cardiovascular disease among type 2 diabetic patients. Diabetes Care.
2006;29:722-4.

54. Wang TJ, Pencina MJ, Booth SL, et al. Vitamin D deficiency and risk of cardiovascular disease. Circulation. 2008;117: 503-11.

55. Dobnig H, Pilz S, Scharnagl H, et al. Independent association of low serum 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D levels with all-cause and cardiovascular mortali-
ty. Arch Intern Med. 2008;168:1340-9.

56. Autier P, Gandini S. Vitamin D supplementation and total mortality: a meta-analysis of randomized controlled trials. Arch Intern Med. 2007;167:1730-7.

57. Melamed ML, Michos ED, Post W, Astor B. 25-Hydroxyvitamin D levels and the risk of mortality in the general population. Arch Intern Med. 2008;168:1629-37.

58. Abu el Maaty MA, Gad MZ. Vitamin D deficiency and cardiovascular disease: potential mechanisms and novel perspectives. J Nutr Sci Vitaminol. 2013;59:479-88.

59. Autier P, Gandini S. Vitamin D supplementation and total mortality: a meta-analysis of randomized controlled trials. Arch Intern Med. 2007;167:1730-7.

60. Wang L, Manson JE, Song Y, Sesso HD. Systematic review: Vitamin D and calcium supplentation in prevention of cardiovascular events. Ann Intern Med. 2010;152:315-23.

61. Boxer RS, Dauser DA, Walsh SJ, Hager WD, Kenny AM. The association between vitamin D and inflammation with the 6-minute walk and frailty in patients with heart failure. J
Am Geriatr Soc. 2008;56:454-61.

62. Arroyo M, Laguardia SP, Bhattacharya SK, et al. Micronutrients in African-Americans with decompensated and compensated heart failure. Transl Res. 2006;148:301-8.

63. Laguardia SP, Dockery BK, Bhattacharya SK, Nelson MD, Carbone LD, Weber KT. Secondary hyperparathyroidism and hypovitaminosis D in African-Americans with decom-
pensated heart failure. Am J Med Sci. 2006;332:112-8.

64. Shane E, Mancini D, Aaronson K, et al. Bone mass, vitamin D deficiency, and hyperparathyroidism in congestive heart failure. Am J Med. 1997;103:197-207.

65. Zittermann A, Schleithoff SS, Tenderich G, Berthold HK, Koerfer R, Stehle P. Low vitamin D status: a contributing factor in the pathogenesis of congestive heart failure? J Am
Coll Cardiol. 2003;41:105-12.

66. Zittermann A, Schleithoff SS, Gotting C, et al. Poor outcome in end-stage heart failure patients with low circulating calcitriol levels. Eur J Heart Fail. 2008;10:321-7.

67. Pilz S, Marz W, Wellnitz B, et al. Association of vitamin D deficiency with heart failure and sudden cardiac death in a large cross-sectional study of patients referred for coro-
nary angiography. J Clin Endocrinol Metab. 2008;93:3927-35.

68. Kunadian V, Ford GA, Bawamia B, Qiu W, Manson JE. Vitamin D deficiency and coronary artery disease: a review of the evidence. Am Heart J 2014;167:283-91.
69. Chen WR, Qian YA, Chen YD, et al. The effects of low vitamin D on coronary artery disease. Heart Lung Circ. 2014;23:314-9.

70. Bajaj A, Stone KL, Peters KL, et al. Circulating vitamin D, supplement use, and cardiovascular disease risk: the MrOS sleep study. J Clin Endocrinol Metab. 2014. Mar
26:jc20134178. [Epub ahead of print].

71. Sahota O, Gaynor K, Harwood RH, et al. Hypovitaminosis D and “functional hypoparathyroidism’-the NoNoF (Nottingham Neck of Femur) study. Age Ageing. 2001;30:467-72.

72. Sahota O, Mundey MK, San P, et al. The relationship between vitamin D an parathyroid hormone:calcium homeostasis, bone turnover, and bone mineral density in post-
menopausal women with established osteoporosis. Bone. 2004;35:312-9.

73. Lips P. Vitamin D deficiency and secondary hyperparathyreoidism in the elderly: consequences for bone loss and fractures and therapeutic implications. Endocr Rev. 2001;22:
477-501.

74. Aspray TJ, Francis RM. Vitamin D deficiency-can old age learn from childhood? Age Ageing. 2008;37:6-7.

75. Grant AM, Avenell A, Campbell MK et al. RECORD Trial Group. Oral vitamin D3 and calcium for secondary prevention of low-trauma fracturesin elderly people (Randomised
Evaluation of Calcium or vitamin D, RECORD): a randomised placebo-controlled trial. Lancet. 2005;365:1621-8.

76. Jackson RD, LaCroix AZ, Gass M et al. Women's Health Initiative Investigators. Calcium plus vitamin D supplementation and the risk of fractures. N Engl J Med. 2006; 354:
669-83.

Cardiologia CROATICA 2014;9(5-6):272.



