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CHHAPOM TOKCHYHOCTI BiTaMiny D:
Nnornga TOKCHKoO/Ora

B.M. Mapanka, H.B. Kypains?, M.J1. 3inos’eBa?, I'.l. MeTpawweHko?
1 [13 «YkpaiHcbkuii HayKOBO-MPaKTUHHWI LIEHTP eKCTPEHOI MeanYHOT ONOMOry Ta MEaULMHN
katactpog MiHicTepcTBa 0XOpOoHY 340P0B'S YkpaiHn», M. Kuis, YkpaiHa
2 1M «HaykoBwuii LEHTP MPeBEeHTUBHOI TOKCHKOJIOTI, XapyoBoi Ta XiMidHOi 6e3neku iMeHi akagemika
J1.I. Measens MiHicTepcTBa 0X0poHu 340P0B'S Ykpainn», M. Knis, YkpaiHa

PE3KOME. Posnanw 340p0B’s, NoB’s3aHi 3 BitamiHoM D — rnobasbHa npobseMor 0X0poHU 340poB’s. 3pocTarya Kiflb-
KicTb npusHa4eHb BitamiHy D nikapsmu B nepion nanaemii COVID-19 1a 36inbLueHHs 06CSriB CaMOCTIliHOr0 CroXuBaHHS
BiTaMiHy D HaceneHHsIM Hece puU3nky BUHUKHEHHST eK30reHHOro rinepsitamiHody D abo cuHapoMy, BiOMOro sk TOKCHY-
HicTb BitamiHy D (aHrn., Vitamin D Toxicity).

MeTa. Y3aransHuty pe3ynbTaTi HayKOBUX AOC/IAXEHb, NMPUCBSIYEHUX TOKCUYHOCTI BiTamiHy D Ta OKpemMux acrekTis, LU0
10B’13aHi 3 1ioro nepenosyBaHHsIM.

Marepianu Ta meToau. BukopuctaHo METOAM KOHTEHT-aHasi3y, CUCTEMHOIO Ta MOPIBHS/IbHOIO aHasi3y; Matepiaam Hay-
KOBMX Or/IsiAiB Ta OKPEMUX AOCHIMKEeHb, npucssiyeHnx bioximii Ta Tokeukosorii BitamiHy D (Elsevier, PubMed, ToxNet) 3
rmbuHoto rnotuyky Ao 20 pokis.

Pe3ynbTat Ta 06roBopeHHs. Y 3B’3Ky i3 3arasibHOBIIOMUMM PU3MKaMu 4715 340PO0B’S, 00YMOBAEHUMU AeDILUNTOM
BiTamiHy D, BiH cTaB rornynsipHOK Xxap40B0to A00aBKOI0, MPO LLO CBIAYNTL MPOrPEeCUBHE 3P0CTaHHS IK TeMaTUYHUX HayKO-
Bux nybnikauivi (PubMed), Tak i 06¢csriB rioro cnoxuBaHHs y 6aratb0ox KpaiHax CBiTy. BxvuBaHHs1 papmaLeBTU4HOI Mpoayk-
uii Ta gieTnyHmx 406aBOK € HAMYaCTILLO MPUYMNHOI0 BUHUKHEHHS nepeano3yBaHb. Ors g BUNaaKkiB TOKCUYHOCTI BiTaMiHy D,
CIPUYMHEHUX NOMUIKAMU Y NPU3Ha4YeHHi abo BBeAeHHI npu BU3HaYeHHi HeoOXiaHOI [03u, nokasas, Lo 3piaka BOHU
MOXYTb CYrNpOBOXYBaTHCS PO3BUTKOM iHTOKCUKALII. IcHye 6araTto ¢popm eK30reHHOro Ta eHA0reHHOro CUHAPOMY TOKCHY-
HocTi BitamiHy D. [Jo cuHApOMY TOKCUYHOCTI BiTamiHy D BigHOCSITb HACTYMHI CUMITOMMU: NOPYLUEHHS CBI4OMOCTI, anarito,
nepioanyHy 6110B0TY, binb y XMUBOTI, NOiypito, NOMAMMACIIO, AeriapaTauil, a Takox — rinepkanbuieMit, ska xoqa Tpar-
JISETLCSA 3PiaKa, ane MOXe 3arpPoXyBaTy 340P0B’I0 Ta XUTTIO, SKLLO ii He BUSIBUTY CBOEYACHO, ase € BaXIMBUM CAMITOMOM
rpuv angepeHLiaibHOMY AiarHo3i y NalieHTIB 3 rinepkasabuiemieto. He3Baxatodm Ha Pi3Hi AyMKW LLOAO Li/IbOBOI KOHLEHT-
pauii 25(0OH)D abo pekomeHnoBaHux 03 BiTamiHy D ans 3aranbHoi nonynsuii, BU3Ha4eHo, Lo KoHueHTpauis 25(0H)D
> 150 Hr/Mn 9BASIE 3HAYHWIA PU3KK PO3BUTKY CUHAPOMY TOKCUYHOCTI BiTaMiHy D, a cxemu nikyBaHHSI feiunty sitamiHy D
Mpv 3aCTOCYBaHHI BUCOKMX [103 MOTPEOYIOTbL PEryISPHOrO MOHITOPUHTY.

BucHoBku. Y 3aranbHivi nonynsuii 3poctae 06i3HaHIiCTb L10A0 KopuCTi BitTamiHy D ans 3n0poB’s. OaHak 36ibLUeHHS Horo
CrIOXVBAHHS 3arPOXYE BUHUKHEHHSIM Creumn®iyHOro CUHAPOMY — TOKCUYHOCTI BiTamiHy D. Cnin iHpopmyBaTtu ciMeriHmnx
nikapiB Mpo Hebe3rneky rnepeBuLLIEeHHS PeKOMEHA0BaHWX (3a BIKOM Ta MaCOI0 Tifia) 403, @ TaKOX MPOBOANTH PO3’ICHIOBAITb-
Hy pobOTY 3 HaceneHHsM, abu cpopmyBaT 00i3HAHICTb LLOAO HEraTMBHOIO eeKTy nepeao3yBaHHs BitamiHy D.
Knio4yoBi cnosa: BitamiH [, TOKCUYHICTb.

Vitamin D toxicity syndrome: a toxicologist's view

V. Padalka, N. Kurdil?, M. Zinovieva?, G. Petrashenko?
''SI "Ukrainian Scientific and Practical Center for Emergency Medical Care and Medicine Disaster
of the Ministry of Health of Ukraine", Kyiv, Ukraine
2] .I. Medved’s Research Center of Preventive Toxicology,
Food and Chemical Safety, Ministry of Health, Ukraine (State Interprise), Kyiv, Ukraine

ABSTRACT. Vitamin D-related health problems remain a global health problem. The growing number of prescriptions of
vitamin D by doctors during the COVID-19 pandemic and the increase in self-intake of vitamin D by the population carries
the risk of exogenous hypervitaminosis D, or a syndrome known as vitamin D toxicity.

Aim: to summarize the results of scientific research on the vitamin D toxicity, and some aspects related to its overdose.
Material and Methods: used methods of content analysis, system and comparative analysis;, materials of scientific
reviews and separate researches devoted to biochemistry and toxicology of vitamin D (Elsevier, PubMed, ToxNet) with
depth of search to 20 years.

Results and Discussion. Due to the well-known health risks of vitamin D deficiency, it has become a popular dietary sup-
plement, as evidenced by the progressive growth of both thematic scientific publications (PubMed) and its consumption in
many countries around the world. The use of pharmaceuticals and dietary supplements is the most common cause of over-
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dose. A review of cases of vitamin D toxicity caused by errors in prescribing or administering the required dose has shown that
they may occasionally be accompanied by the development of intoxication. There are many forms of exogenous and endoge-
nous vitamin D toxicity syndrome. Vitamin D toxicity syndrome includes the following symptoms: loss of consciousness, apa-
thy, intermittent vomiting, abdominal pain, polyuria, polydipsia, dehydration, and hypercalcemia, which, although uncommon,
can be life-threatening if not detected timely, and is an important symptom in the differential diagnosis in patients with hyper-
calcemia. Despite differing opinions on the target concentration of 25(OH)D or recommended doses of vitamin D for the gen-
eral population, it was determined that the concentration of 25 (OH) D> 150 ng/ml is a significant risk of developing vitamin D
toxicity syndrome, and vitamin D deficiency treatment regimens at high doses require regular monitoring.

Conclusions: There is a growing public awareness of the health benefits of vitamin D; however, the increase in its con-
sumption carries, inter alia, the risk of a specific syndrome — the vitamin D toxicity. Family physicians should be informed
about the danger of exceeding the recommended (age and body weight) doses, and carry out explanatory work with the
public to raise awareness of adverse effects vitamin D overdose.

Key Words: vitamin D, toxicity.

CMH,quM TOKCUYHOCTU BUTamuHa D: B3rnsa Tokcukonora

B.H. Naganka', H.B. Kypauns?, M.J1.3uHosbeBa?, A.W. MeTtpawwenko?
I TY «YKpanHCKnii Hay4HO-PaKTUHECKUI LIeHTD SKCTPEHHOM MEaULMHCKO MOMOLLM
M MeanUWHbI kKatacTpod MuHUCTEPCTBA 34paBOOXpaHeHUs YkpauHsbl», r. Knes, YkpauHa
2 [T1 «Hay4HblIii LIEHTP NPEBEHTUBHOM TOKCUKOIOMAN, MALLIEBOM U XUMUYECKOM 6830MacHOCTH
nmeHn akagemmka J1.U. Measeas MuHncTepcTBa 34apaBooxpaHeHns YkpavHbl», r. Kues, YkpavHa

PE3HKME. PaccTpoicTBa 310p0BbSl, CBSI3aHHbIE C BUTaMUHOM D, [10 cux rnop octatoTcs rnobasnbHov npobiemor 34paBo-
OXpaHeHwus1. PacTyluee KOM4ecTBO Ha3HaqYeHuii ButamvHa D Bpadamu B nepuon naHaemuu COVID-19 u ysennyeHue
06bEMOB CaMOCTOSITE/IbHOIr0 NOTPEBIEHNs] BUTaMuHa D HaceneHnem HeceT PUCKU BO3HUKHOBEHMSI 9K30reHHOro rurnep-
BuTamMuHo3a D vy cuHapoma, n3BeCTHOr0 kak TOKCUYHOCTb ButamuHa D (aHrn., Vitamin D Toxicity).

Lens. O6006LeH1e pe3ybTaToB HAaY4YHbIX UCCNEA0BaHWNI, MOCBSILLEHHBIX TOKCUYHOCTU BUTaMuHa D 1 oTAenbHbIX acrek-
TOB, CBSI3aHHbIX C €ro rnepeno3vpoBKO.

Marepuanbi u MeToabl. VIcrionb30BaHbl METOAbl KOHTEHT-aHaN3a, CUCTEMHOI0 U CPaBHUTEIbHOIO aHam3a; Matepua-
JIbl Hay4YHbIX 0630POB 1 OTAE/bHbIX UCCAEN0BaHWI, MOCBSLLEHHbIX OUOXUMUM 1 ToKcukonormm ButammuHa D (Elsevier,
PubMed, ToxNet) ¢ rny6u+osi noncka ao 20 ner.

PesynbTatsi u obcyxaeHue. B cBs3u ¢ 00LLeN3BECTHbIMU PUCKAMU )15 34,0P0BbS], 00YCN0BAEHHbIMY AEPULNTOM BUTA-
MuHa D, oH cTan nonynsipHoi nuLeBol 06aBKOW, 0 Y4eM CBUAETEIbCTBYET MPOrPEeCCUBHBINM POCT Kak TeMaTU4eCKmX
HayyHbIx nybmkaunii (PubMed), Tak n 06bemoB ero noTpebneHvs BO MHOMVX CTpaHax Mypa. [pumeHeHne papmaleBTy-
Yeckow npoaykuuu 1N AneTndeckux [o00aBoK sSIBASETCS Hanbosiee YacTou NMPUYUHON BO3HUKHOBEHUS Nepeno3vpoBKU.
0630p cnyyaeB TOKCUYHOCTY BUTaMuHa D, BbI3BAHHbIX OLLIMOKAMU B HA3HAYEHUW WM BBEAEHWU MPU OMpeneseHun
HeobxoauMOoui [03bkl, 110Ka3as, YTo u3peaka OHU MOryT CONPOBOXAATLCS Pa3BUTUEM UHTOKCUKaLmy. CylLLecTBYeT MHOMO
HOPM 3K30reHHOro 1 SHAOreHHOro CUHAPOMA TOKCUYHOCTY BUTaMuHa D. [ns cuHapoma TOKCuyHOCTY BuTammuHa D xapak-
TEPHbI C/IeayoLUMe CUMITOMBI. HapYLLIEHNE CO3HaHWS, anatwvsi, nepuoamnyeckasl peota, 60/ B XUBOTE, MNOJIMYPUS, NOM-
Auncus, gernaparauus, a Takxe — rurepkanbUnemMusi, KoTopasi XoTs C/ly4aeTcs PEeAKo, HO MOXET yrpoxaTtb 340P0Bb0 U
XN3HU, €CIIN ee He 0OHaPyXUTb CBOEBPEMEHHO, U SIBJIIETCS BaXHbIM CUMITOMOM r1pu ANGOEPEHLManbHON AnarHoCTke
y MaumMeHToB C runepkaabuuemmen. HecMoTpsi Ha pa3indHbie MHEHUS OTHOCUTE/TbHO LieeBOU KOHUeHTpauun 25(0H)D
WM PeKOMEHAO0BaHHbIX 103 BuTaMmuHa D ans o6Lueri nonynsummy, onpeaeneHo, 4to koHueHTpaumsa 25(0H)D> 150 Hr/mn
peacTaBaseT 3HAYUTENbHBIV PUCK Pa3BUTUSI CUHAPOMA TOKCUYHOCTY BUTaMuHa D, a cxembl nevyenns geuumra Butamm-
Ha D npv npuMeHeHn BbICOKVX 103, TPEOYIOT PErynsipHOro MOHUTOPYIHIA.

BoeiBoabl. B 06Leii nonynsiumm pacteT 0CBEAOMIEHHOCTb O Mo/b3e BUTaMuHa D Ans 340p0BbsI; 0AHAKO yBeIn4eHne ero
noTpeb1eHNss HECET Yrpo3y BO3HUKHOBEHMS CIIELIMPUYECKOro CUHAPOMAa —TOKCUYHOCTY BuTamuHa D. Cnenyet nHgpopmu-
poBaTh CeMeliHbix Bpayeri 06 0racHOCTU NPEBLILLEHUS PEKOMEHAO0BAHHBIX (110 BO3PACTy U Macce Tena) 403 v MPOBOAUTb
DPa3bICHUTENbHYIO PaboTy C HaceneHnem ans popMUpoBaHMS 0CBEAOMIIEHHOCTU O HeraTuBHbIX agekTax nepenosu-
PoBky BUuTaMmHa D.

KmioyeBbie cnoBa: sutamuH L], TOKCUYHOCTb.

Bctyn. BitamiH D — nporopmoH, sikuin Bigirpae
XUTTEBO BaXJ/MBY POSb Yy 3abe3neyeHHi 300POBUX
KICTOK i piBHS Kanbujto. Jediunt BitamiHy D npn3Bo-
ONTb [0 rinokanbuiemii Ta gedekTiB MiHepanidaujl
KiCTOK, PO3BUTKY NMO3aCKENETHNX YCKNALHEHb, Takux
K @yTOIMYHHI 3aXBOPIOBAHHS, XPOHIYHA 0BCTPYKTUB-
Ha xBopo0Oa nereHb, pak Ta MeTaboNi4YHNIA CUHAPOM.
OeodiunT BiTamiHy D € rno6ansHo0 Npo6aemMoio 0xo-
POHM 30POB 4.

Introduction. Vitamin D is a hormone that plays a
vital role in maintaining healthy bones and calcium
levels. Vitamin D deficiency leads to hypocalcemia
and bone mineralization defects, the development of
extraskeletal complications such as autoimmune dis-
eases, chronic obstructive pulmonary disease, can-
cer and metabolic syndrome. Vitamin D deficiency is
a global health problem.



Yepes 3pocTatody 06i3HaHICTb NPo AediunT BiTami-
Hy D Ta noB’s3aHi 3 UMM npobnemu 3i 340POB’IM,
BiTamiH D cTaB nonynspHoto J06aBKOI MOro BXMBaH-
HS1 NOMITHO 3POCO.

306inbLUeHHs] cnoxuBaHHs BiTamiHy D cepep, Hace-
NIEHHS Ta 3pocTaroya KinbKiCTb MPU3HAYeHb (BKJIIO-
yaroum ayxe BUCOKi [103K) 663 MeAMYHOrO CrocTepe-
XEHHSI MOXE MPU3BECTN A0 BUHUKHEHHS EK30ME€HHO-
ro rinepeitamiHody D i3 cumnToMamu rinepkanbLie-
Mii, TakoX BiGOMUMMK K TOKCWMYHICTb BiTamiHy D
(aHrn., Vitamin D Toxicity, VDT).

MeTa. 3 ornaay Ha BuULLE3a3HA4YeHEe, METOO AAHOI
po60TK 06paHO y3aranbHEHHS Pe3ynbTaTiB HayKOBMX
OOCHIIXEHb, MPUCBAYEHNX TOKCUMYHOCTI BiTamiHy D Ta
OKPEMMX acrMekTiB, L0 NOB’a3aHi 3 MOro nepenosy-
BaHHSIM.

Marepianm Ta meTogu. BukopucTtaHi METOAM KOH-
TEHT-aHanidy, CUCTEMHOr0 Ta NOPIBHANLHOIO aHaniay,
HayKOBWX OrNaAiB Ta OKPEMMX OOCAIAKEHb, MPUCBSAYE-
HUX BioxiMmil Ta ToKkcuKonorii BitamiHy D nepeBaxHo 3a
ocTaHHi 20 pockis (Elsevier, PubMed, ToxNet).

PesynbTtatm Ta o6GroBopeHHs. BitamiH D -
3aranbHa Ha3Ba rpynu Cnosyk, Cepea akux eprokasb-
undepon (Bitamin D,) Ta xonekansuudepon (BitamiH
D;) € ocHoBHMMM dopmamm BiTamiHy 3 ornisay Ha
ponb UMX CMOMAYK B OpraHiami noguHun. Bitamin D €
BaX/MBUM PEryNSTOPOM rOMEOCTady KasnbLito Ta
docdartis. MMpoTe pesynbTaTv AOCNIAKEHb, NPOBEAE-
HUX y Apyrivi nonosuHi 20 CTONITTS Nokasanu, Lo posib
BiTamiHy D B opraHiamMi BMLLMX XpebeTHMX Habarato
cknagHiwa i Bkoyae GyHKLjto Nporopmony [1-4].

Ixepena HagxopkeHHs BiTamiHy D 3 xelo ans
noayHY 0O6MexeHi. BiH MiCTUTbCA B AEAKNX Xap4OBKX
npoaykTax TBAPUHHOrO MOXOMKEHHS (slus, puba,
neviHka Ta XuMp MOPCLKMX CCaBLIB) i BiACYTHIi y poc-
NAHHIR i, Taka cuTyaujis npr3eena Ao po3pobku pis-
HOMaHITHOI TexHonoriyHo 36arayeHoi BiTamiHoM D
Xap4yoBOI MPoayKLji. NepeBaxHO Le MOMOYHI TPOAYKTM
Ta POCANHHI O, SIKi CbOrOAHI MOXHA BBaXaTy OOHUM
i3 BHAYUMUX JIETUHHNX JXKEPEN LbOro BiTaMiHy.

OkpiM Uporo, BiTamiH D BUPOGASETLCS B LUKIPI, LLO
nigaaeTbesa Ail ynbTpadioneToBoro cnekrpa CoHaY-
Horo ceitna. CuHTes BiTamiHy Dy y LKipi npoTsarom
NiTHIX MicALIB MOXe OyTV MOro OCHOBHUM OXEPENOM
ONs opraniamy ntoanHn. OoToNiTUYHMIA NPOLEC, L0
[ie Ha xonecTepuHonoaibHuiA nonepeaHuk (7-peria-
POXONECTEPUH), MPU3BOAMTb A0 BUPOOSIEHHS Mpe-
BiTaMiHy D, 9kuil NOTIM NOBINIbHO iI30MEPU3YETLCS A0
BitTamiHy D,. lMpoTarom BecHw, nita Ta oceHi 10-
15-xBUnMHHE nepebyBaHHs Ha COoHL B nepioa 3 10 oo
15 roamHn (3a yMOB BigKpUTKX PYK Ta 06511448, abo
PYK Ta Hir) BBaXaeTbCsa OOCTATHIM AN YTBOPEHHS
HeoOXiAHOI KiNlbKOCTi €HOOrEHHOro BiTamiHy D vy
nogen 3i CBITNOKW LWKipo. MexaHiamMu cuHTesy
eH0reHHoro D4 y LKIPi Mg, BMIMBOM COHSIHHOrO CBIT-
na BiOPI3HAOTLCA Big, MexaHi3aMiB TpaHcdopmaLii
BiTamiHy D, 110 HaaXxoANTb 3 NMPOAYKTaMM Xap4yBaH-
Hs. Lle Moxe npr3BoanTh A0 CYTTEBUX PO3BIXKHOCTEN

Opnrinanchi gocnigwenns | Original researches

Due to the growing awareness of vitamin D defi-
ciency and related health problems, vitamin D has
become a popular supplement, and its use has
increased significantly.

Increased vitamin D intake in the population and an
increasing number of prescriptions (including very
high doses) without medical supervision can lead to
exogenous hypervitaminosis D with symptoms of
hypercalcemia, also known as vitamin D toxicity
(VDT).

In view of the above, the aim of this paper is to sum-
marize the results of scientific research on the toxicity
of vitamin D and some aspects related to its overdose.

Material and Methods. Used methods of content
analysis, systematic and comparative analysis, scien-
tific reviews and individual studies on the biochem-
istry and toxicology of vitamin D, mainly for the last
20 years (Elsevier, PubMed, ToxNet).

Results for Discussion. Vitamin D is the general
name of a group of compounds, among which ergo-
calciferol (vitamin D,) and cholecalciferol (vitamin D)
are the main forms of vitamin given the role of these
compounds in the human body. Vitamin D is an impor-
tant regulator of calcium and phosphate homeostasis.
However, the results of studies conducted in the sec-
ond half of the 20th century showed that the role of vit-
amin D in higher vertebrates is much more complex
and includes the function of the hormone [1-4].

Sources of vitamin D with human food are limited. It
is found in some foods of animal origin (eggs, fish,
liver and fat of marine mammals) and is absent in
plant foods. This situation has led to the development
of a variety of technologically vitamin D-enriched
foods. These are mainly dairy products and vegetable
oils, which today can be considered one of the impor-
tant dietary sources of this vitamin.

In addition, vitamin D is produced in the skin, which
is exposed to the ultraviolet spectrum of sunlight. The
synthesis of vitamin Dy in the skin during the summer
months can be its main source for the human body.

The photolytic process acting on the cholesterol-
like precursor (7-dehydrocholesterol) leads to the
production of pre-vitamin D, which is then slowly iso-
merized to vitamin D,. During spring, summer and
autumn, a 10-15 minute stay in the sun between
10 am and 3 pm (with open arms and face, or arms
and legs) is considered sufficient for the formation of
the required amount of endogenous vitamin D in peo-
ple with fair skin. The mechanisms of synthesis of
endogenous D, in the skin under the influence of sun-
light differ from the mechanisms of transformation of
vitamin D, that comes with food. This can lead to sig-
nificant differences in the results of estimating the vol-
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pe3ynbTaTiB OLiHKM 06CAriB Ta MilLlEHEN A0ro Po3Mno-
Ziny B opraniami [4-5].

Kntoyosoto ocobnuBicTiO KiHeTVku BiTamiHy D; B
OpraHiamMi Npu Moro HagXo4XKEHHI 3 NPOAYKTaMM Xapy-
BaHHs ab0 AieTU4HUMN 06aBKamu € Te, 1o Dy BCMOK-
TYETLCS 3 KMLLKOBOIO TPAKTY 32 AOMOMOr OO XifIOMIKPO-
HiB, 9Ki NPOHUKAIOTb Y NiMdATUYHY CUCTEMY, a BXE
NOTiM NOBEPTAOTLCSA YEPES rPyaHY NPOTOKY A0 BEHO3-
Horo pycna. MpuGnnsHo TpetuHa BitamiHy Dj, wo
noTpan/isie B OPraHiamMm 4Yepes LUAYHKOBO-KMLLKOBWIA
TPaKT, TPAHCNOPTYETLCA AINONPOTEIHAaMMK, a peLTa — 3
Ginkamu, LLLO 3B’A3yt0Tb BiTamiH D (nani - B3D).

D5 IK @HI0reHHOr 0, TaK | EK30reHHOT0 MOXOKEHHS
nepeHocuTbLCS KpoB’io abo 3 B3D abo 3 ninonpoTei-
Jamun Ta NPOXOAMTb ABOCTYNEHEBE NOCIOOBHE rif-
POKCUIIOBAHHS 10 YTBOPEHHS! aKTUBHMX MeTaboniTiB.
CnoyaTky BiH NMEpPeTBOPIOETLCA 25-rigpoKcmMnasoio
Ha MoHoriapokcu-noxigHe — 25(0OH)D; (kanbumde-
pon, kanbumgion). Liel npouec BinGyBaeTbcsa nepe-
BaXKHO B MEYiHLL, aie MOXe MaTh MiCLe i B iHLLIMX TKa-
HMHaXx.

Kanbumdepon — 0OCHOBHa umMpkynooya dopma
BiTamiHy D, nepiog HaniBBMBEOEHHS SKOI CTAHOBUTb
2-3 TUXHi. /loro piBeHb BUMIPIOIOTb 419 AiarHOCTUY-
HOrO BU3Ha4yeHHs BiTamiHy D. [ani BinOyBaeTbCs ria-
pokcunoBaHHa 25(0H)D 3a gonomoroio 1-anbda-
rigpokcunasun o akTUBHOI AMrigpoKCuabHOI GopmMu
1,25(0H),D, aka mae nepiof, HanievBeneHHA 4-6
roguH. Lei npouec perynioeTbcs napaTnpeoigHnm
rOPMOHOM Ta iHWWMW MegjaTopamu, BKIOYAKYU
rOPMOH POCTY, @ TaKoX piBHeM docdaTiB y KpoBi [3].
Mpouec BioOyBaeTbCA NepeBaXHO B kaninspax, Lio
OTOYYIOTb NMPOKCMMasbHI 3BMBUCTI KaHanblii HUPOK.
Xoya HMpKa € OCHOBHMM OpraHoM B SIKOMY Bifg0yBa-
€Tbcs umpkynsuia 1,25(0H),D, ane saxnusum €
dakT, Wo GEepPMEHT, FKNN NPOAYKYE aKTUBHY GOpPMY,
Takox OyB BUSIBAEHWI Y CYOMHHUX KNITUHAX | MOHOLM-
Tax iHWWX TKaHUH Ta opraHiB. OCHOBHI 0COBMBOCTI
mMeTaboniamy Ta 6ioNoriYHoi akTMBHOCTI BiTaMiHy D y
JI0AVHK NokasaHi Ha puc. 1.

BnpoooBx OCTaHHIX OecaTuiiTb CTano §CHO, LWO
edpektn 1,25(0H),D He 0OMEXyIOTLCH NIATPYMKOIO
romeocTtasdy kanbuito Ta ¢ocdaris. MincHo,
1,25(0H),D perynioe 4ncneHHi knituHHI npouecy,
BNAMBAIOYM HA HOPMabHUIA Ta 3N0SKICHWIA PICT Ta
andepeHuialilo KNiTvH, Ha BPOMKEHY Ta afanTUBHY
iIMYHHY YHKLLiI0, HA CEPLLEBO-CYAMHHY DYHKLLIO Ta Ha
CKNnagHy B3aEMOZIIO 3 iHLLIMMW ropMOHamum [ 6].

Taka Hag3BMYaNHO WKnpoka GyHKLioOHaNbHa aKTUB-
HiCTb BiTaMiHy D Ta 0coGnMBOCTI 10ro GpapmakokiHe-
TUKW BUKAUKANM CyMNepeynnsi Nornsgam Ha mnoro
NOTEHLINHO HEraTMBHWIA BNANB Ha 340POB’A 3a YMOB
nepenosyBaHHs. TOKCMYHICTb BiTaMiHy D, L0 BUHYK-
Kae BHaCMiZOK TPMBANOro Mpunomy BENMKMX 003
BiTaMiHy D, noB’a3aHa 3i 36i/IbLLUEHHSIM KOHLEHTPaLLii
B cmpoBatLi kposi 25(0H)D Ta aeakmx iHwmx meTabo-
niTis BitamiHy D, ane 3a3Bumyai He akTMBHOIO MeTa-
Gonity 1,25(0OH),D.

ume and targets of its distribution in the body [4-5].

A key feature of the kinetics of vitamin D5 in the
body when it comes with food or dietary supplements
is that D5 is absorbed from the intestinal tract by chy-
lomicrons, which enter the lymphatic system and then
return through the thoracic duct to the venous bed.
About a third of vitamin D,, which enters the body
through the gastrointestinal tract, is transported by
lipoproteins, and the rest by Vitamin D binding Protein
(hereinafter, DBP).

D, of endogenous and exogenous origin is trans-
ported in the blood with either DBP or lipoproteins
and undergoes two-step sequential hydroxylation to
form active metabolites. Initially, it is converted by 25-
hydroxylase to a monohydroxy derivative — 25(0OH)D,
(calciferol, calcidiol). This process occurs mainly in
the liver, but can also occur in other tissues.

Calciferol is the main circulating form of vitamin D,
the half-life of which is 2-3 weeks. Its level is mea-
sured for the diagnostic determination of vitamin D.
Next is the hydroxylation of 25(0OH)D using 1-alpha-
hydroxylase to the active, dihydroxyl form,
1,25(0OH)2D, which has a half-life of 4-6 hours. This
process is regulated by parathyroid hormone and
other mediators, including growth hormone, as well
as the level of phosphates in the blood [3].

The process occurs mainly in the capillaries sur-
rounding the proximal convoluted tubules of the kid-
neys. Although the kidney is the main organ in which
1,25(0H),D, circulates, importantly, the enzyme that
produces the active form has also been found in vas-
cular cells and monocytes of other tissues and
organs. The main features of metabolism and biolog-
ical activity of vitamin D in humans are shown in Fig. 1.

In recent decades, it has become clear that the
effects of 1,25(0H),D are not limited to maintaining
calcium and phosphate homeostasis. Indeed,
1,25(0H),D, regulates numerous cellular processes,
affecting normal and malignant cell growth and differ-
entiation, innate and adaptive immune function, car-
diovascular function, and complex interactions with
other hormones [6].

This extremely broad functional activity of vitamin D
and its pharmacokinetic properties have led to con-
flicting views on its potential health effects in the
event of an overdose. Vitamin D toxicity due to long-
term "high" doses of vitamin D is associated with
increased serum concentrations of 25(OH)D and
some other metabolites of vitamin D, but usually not
the active metabolite 1,25(0H),D.

Confusion, apathy, vomiting, abdominal pain,
polyuria, polydipsia, and dehydration are the most
often noted clinical symptoms of vitamin D toxicity
(VDT,; also called vitamin D intoxication or hypervita-
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Puc. 1. Metaboniam Ta 6ionoriyHa akTMBHICTb BiTamiHy D. CyuinbHMMM CTPiNKaMmmn NO3HA4€HO NPSIMUIA BMNVB
NMPOAYKTIB MOro TpaHchopmMaLiii B 0praHi3mi, a NyHKTUPHI JTiHIT — HeraTMBHUI 3BOPOTHUM 3B'A30K 3 PiIBHEM
KanbLjto nnasmm abo 1,25(0H),D,4

lMo3HayeHHs: Ca — kanbuin; 7-DHC - 7-pgerigpoxonectepuH; GH — ropmMOH pocTy;

1a-OHase — 1-anbda-rigpokcunasa; 25-OHase- 25-rigpokcunasa; P — docdat, PTH — napatmpeoigHuii
ropmoH; VDR - peuenTop BiTamiHy D; Vit — BiTamiH) [5]

Fig. 1. Metabolism and biological activity of vitamin D. Solid arrows indicate the direct effect of the products
of its transformation in the body, and dotted lines - negative feedback with the level of plasma calcium or
1.25 (OH) ,D4

Designation: Ca - calcium; 7-DHC - 7-dehydrocholesterol; GH - growth hormone; 1a-OHase - 1-alpha-
hydroxylase; 25-OHase - 25-hydroxylase; P - phosphate, PTH - parathyroid hormone; VDR - vitamin D recep-
tor; Vit - vitamin) [5]

CnnyTtaHa cBigomicTb, anaTis, 6noBoTa, 6inb y  minosis D). Severe hypercalcemia may also be asso-
XMBOTI, moniypig, noniauncia Ta gerigpartauid — ue  ciated with excessive long-term intake of vitamin D,
OCHOBHI KJTIHI4HI CUMMTOMM NPOSIBY TOKCU4HOCTI BITa-  malfunctions of the vitamin D metabolic pathway, or

MiHy D (VDT; Takox Ha31Ba€ETLCS IHTOKCHKALIEIO BT~ the existence of diseases accompanied by the pro-
MiHom D abo rinepsitamiHo3om D). Baxka rinepkasnb- duction of active metabolites of vitamin D.

ieMmi 'a3aH HaaMipHUM i itami
WieMis TAKOX MOXe GyTn nos'ssaHa 3 Haamip Some hypotheses about the mechanisms of vitamin
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TPUBaNUM MPUINOMOM BiTamiHy D, mopylieHHaSMK B
poboTi MeTaboniyHOro wnaxy BitamiHy D abo icHy-
BaHHSAM 3axBOPIOBaHb, WO CYMPOBOOXKYIOTLCS MPO-
LYKLIEIO akTUBHMX MeTaboniTie BiTamiHy D.
3anponoHOBAHO AEesKi rinoTe3n LWOoA0 MexaHi3MiB
TOKCMYHOCTI BiTamMiHy D. HasiBHICTb NiABMLLEHOI KOH-
ueHTpauii BinbHoro 1,25(0H),D y cuposartLi kposi, 3a
YyMOB HOpMasbHOro pisHa 1,25(0H),D, cBinumts Npo
noro 3amileHHs y 53D Ha 25(0H)D abo iHLwi meTabo-
NiTW, BHACNIAO0K HYOro MOXe Bia0yBaTUCs HAOXOOXKEH-
Ha 1,25(0H),D 0o knitvH-MmilleHer 3 NoJabLIO
CTUMYNSLLED TpaHcKpunuii rexiB [1]. ICHyloun cbo-
rOJHi rin0Te3n TOKCMYHOCTI BiTaMiHy D 0CTaTo4HO He
NiaTBEPOXKEHI EKCMEPUMEHTANBHO Ta KANiHIYHO [7-15].

MoTeHuianbHa TOKCUYHICTL BiTamiHy D posrnspa-
€TbCS 9K rinepkasbLIiEMia 3 HACTYNHOI KanbupudikaLli-
€10 CTIHOK CYIMH Ta HUPOK, LLIO MOXe NPU3BOAUTU [0
rinepTOHii, HUPKOBOI Ta CEPLLEBOI HEAOCTATHOCTI [7].

BepxHa Mexa 6e3neyHOro 3acToCyBaHHS nmpena-
paTiB ek30reHHoro BitTamiHy D cborogHi Bu3HaveHa
Ha pieHi 4000 MO/no0y i 6a3yeTbCa Ha BU3HAYEHHI
piBHs 25(0OH)D B opraHi3ami Ta pu3nKy BUHUKHEHHS
rinepkanbuiemii [9-12].

MpoTe NoTPiIOHO TakoX BPaxoByBaTW iHOMBIOYyaNbHi
0co0nMBOCTI, AKi BNAMBalOTh Ha 6e3nevHiCTb 403U
BiTaMiHy — MOTOYHWIA PIBEHb OrO B OPraHi3mi, iHauBi-
JyanbHi 1031 Ta CXeMW NliKYyBaHHS, KNiHIYHOrO CTaHy
naujieHTa (Hanpuknag, HasBHICTb rinepkanbLiemii Ta
rinepkanbLiypii), Bik Ta CTaTb NaLieHTa.

3 ypaxyBaHHAM MOTEHUNHWMX PU3UKIB AN 300-
poB’sa, 6e3neyHMMmM go3amu BiTamiHy D, L0 MOXYTb
3aCTOCOBYBATUCS ANs NpodinakTkmy Ta/abo KopekLii
noro gediunty B OpraHiaMi, CbOroAHi BBaXatTbCs
800-1000 MO/n006y, abo 10 MKr/aeHb kanbumaiony —
25(OH)D. binbLui 031 HE peKOMEHA0BaAHO 0OUpaTH
SK 019 TPMBANoro, Tak i A NepioanyHoOro pexmMis
3acTocyBaHHs [13].

3’acyBaHHs GaraTorpaHHoi posi BiTamiHy D B opra-
Hi3Mi NIOAVHN Ta YCBIAOMIIEHHS 3araibHOi NpobaemMu
nediunTy BiTamiHy D 3HANWNO CBOE BiZOOPaXEHHS y
30iNbLUEHHI KiNbKOCTi TECTYBaHb PiBHS BiTaMiHy D, sike
cnocTepiraeTeca y Garatbox naboparopiax, 9K ue
BMAHO Ha puUC. 2, Ha Npukiaai OKpeMoi KiiHiku [16].

Y TOIn Xe yac BMTpaTK Ha npuadaHHa [o6aBok 3
BiTamiHOM D, 3pocnn maixe y 15 pagis 3 2001 no
2011 pik [17].

OcTtaHHiMM pokamu BiTamiH D cTaB nonynspHoto
[00aBKOI0, MPO WO CBiAYMTb NPOrpecunBHE 3pOCTaH-
HS TemaTuyHMX HaykoBux nybnikauin (PubMed),
3okpema nig, yac naHaemii COVID-19 (puc.3). Taka
cuTyauis BigoOpaxae 3p0CTaHHS py3KnKy rinepsiTami-
Ho3y BiTaminy D [18-20].

AHanis Bunagkis nepenosyBaHHs BiTamiHy D noka-
3aB, LU0 Yy BiNbLIOCTI NALEHTIB, NPO AKMX NOBIAOMAS-
Nocsl, cnocTepiranmcs Taki CUMATOMU TOKCUYHOCTI:
6noBoTa, 3HEBOAHEHHS, Oifb Ta BTpaTa anetuTy.
MpuyvHamn BUNAZKIB iHTOKCUKAUi Oy noMunku
npyv BUPOOHMUTBI BiTamiH D-BMiCHMX NpPOAYKTIB,

D toxicity have been proposed. The presence of an
increased concentration of free 1,25(0H),D in the
serum, under normal levels of 1,25(0OH),D, indicates
its replacement in DBP by 25 (OH) D or other metabo-
lites, as a result of which 1,25(0H),D, can enter tar-
get cells, with subsequent stimulation of gene tran-
scription [1]. The existing hypotheses of vitamin D
toxicity have not been definitively confirmed experi-
mentally and clinically [7-15].

The potential toxicity of vitamin D is considered as
hypercalcemia, followed by calcification of the walls
of blood vessels and kidneys, which can lead to
hypertension, renal and heart failure [7].

The upper limit of safe use of exogenous vitamin D
drugs today is set at 4000 IU/day and is based on the
determination of the level of 25(0OH)D in the body and
the risk of hypercalcemia [9-12].

However, it is also necessary to take into account
individual characteristics that affect the safety of the
vitamin dose — its current level in the body, individual
doses and treatment regimens, the patient's clinical
condition (eg. hypercalcemia and hypercalciuria),
age and sex of the patient. Given the potential health
risks, safe doses of vitamin D that can be used to pre-
vent and / or correct its deficiency in the body are
now considered to be 800-1000 IU/day, or 10
mcg/day of calcidiol - 25(0OH)D. Larger doses are not
recommended for both long-term and intermittent
use [13].

The elucidation of the multifaceted role of vitamin D
in the human body and the awareness of the general
problem of vitamin D deficiency was reflected in the
increasing number of vitamin D tests observed in
many laboratories, as shown in Fig.2, on the example
of a separate clinic [16].

At the same time, the cost of purchasing vitamin D
supplements increased almost 15 times from 2001 to
2011 [17]. In recent years, vitamin D has become a
popular supplement, as evidenced by the progressive
growth of thematic scientific publications (PubMed),
in particular during the COVID-19 pandemic (Fig. 3).
This situation reflects an increased risk of vitamin D
hypervitaminosis [18-20].

Analysis of cases of vitamin D overdose showed
that most patients reported toxic symptoms such as
vomiting, dehydration, pain, and loss of appetite.
Causes of intoxication were errors in the production
of vitamin D-containing products, overdoses by
patients or doctors, as well as a combination of these
factors.

Marcinowska-Suchowierska E. and co-authors
(2018) emphasize [21] that vitamin D intoxication can
be exogenous (iatrogenic) and endogenous. The lat-
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Fig. 3. The growing number of publications searching for "vitamin D toxicity" in the PubMed network

nepeao3yBaHHa MauieHTamMn Y JlikapsaMu, a Takox
KoMOBiHaLjis Lx GpakTopiB.
Marcinowska-Suchowierska E. Ta cniBaBTOpM
(2018) HaronowwytoTb [21], WO iHTOKCKKALLS BiTami-
HOM D MoOXe OyTM eK30reHHOW (ATPOreHHOo) Ta
eHgoreHHow. OcTaHHa Moxe OyTv MOB'A3aHO 3
TakUMy NaTONONYHUMU CTaHAMMU, SIK FPaHYIbOMaTO3-
Hi 3aXBOPIOBaAHHS, JiMOOMK Ta iGiONATUYHOIO OUTS-
4oI0 rinepkasbLiemieto. Y oMy BUNaaKy rinepsita-
MiHO3, CIPUYMHEHWIA HAOMIPHOKO NPOOYKLIEID aKTUB-
Horo metabonity Bitaminy D - 1,25(0H),D.
leHeTnyHuiAn posnag CvHapom Binbsamca — bopeHa
TaKOX MOXe NPuU3BECT A0 IHTOKCKKaU,l BiTamMiHOM D
yepes HaaMipHe yTBopeHHst meTabonitie 25(0OH)D Ta
1,25(0H),D. MigBuLLeHnin piBeHb y CMPOBATLL KPOBI
25(0OH)D (noHapg 375 HMonb/n), rinepkanbLiemia Ta
rinepkasnbLiypis cBigYaTb NPO HaAMIpHE O03YBaHHSA

ter may be associated with pathological conditions
such as granulomatous diseases, lymphoma and
idiopathic childhood hypercalcemia. In this case,
hypervitaminosis is caused by excessive production
of the active metabolite of vitamin D - 1,25(0OH),D.
Genetic disorder Williams-Boren syndrome can also
lead to vitamin D intoxication due to excessive forma-
tion of metabolites 25(0OH)D and 1,25(0OH),D.
Elevated serum levels of 25(OH)D (above 375 nmol/l),
hypercalcemia and hypercalciuria indicate an over-
dose of vitamin D and a risk of toxic effects.

Vitamin D toxicity may also result from excessive
efforts to correct vitamin D deficiency in the general
population. Although not many of these cases, both
patients and physicians should be aware of the
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BiTamiHy D Ta pu3nk TOKCMYHMX eDekTiB. TOKCUYHICTb
BiTaMiHy D MOXe BMHMKATV TaKoX BHACMILOK HAAMIp-
HYX 3yCuib 3 KopekLii aediunTy BiTamiHy D y 3aranb-
Hii monynsuii. Xoya umx Bunaakis He 6araTo, ane sk
nauieHTn, Tak i fikapi, MOBUHHI 3HATVU NPO NOTEHLN-
HWUIA PU3KNK Ons 340POB's, NOB'A3aHMI i3 Nepenosy-
BaHHaM BiTamiHy D [22-25].

MaujeHT mMaloTb 6yTK NPOIHMOPMOBAHUMM LLIOAO
NpPaBWUIbLHOMO BXMBAHHS [00aBOK, L0 MICTATb BiTa-
MiH D, ocobnnBo y BMNAAKy MPU3HAYEHHST BUCOKMX
[103. HuHi ocobauBy yBary chif, npuainaT nawieHtam
yepes pekoMeHZ0BaHe BMKOPUCTaHHS BiTaMiHy D ans
nikyBaHHs Ta npodinaktmku iHdekuii COVID-19.

KniHiyHi NposiBn TOKCUYHOCTI BiTamiHy D pidHOMa-
HIiTHIi, ane NoB'sa3aHi, B NepLUy Yyepry, 3 rinepkanbLie-
mieto [26-31].

CUMNTOMM TOKCUMYHOCTI BiTamiHy D MoxyTb OyTn
NOAIGHMMM 10 CUMNTOMIB iHLLKMX TinepKanbLieMi4HNX
CTaHIB i BKJIOYATW HEMpOoncuxiaTpuyHi NposiBK, Taki
K YTPYLHEHHS KOHLLeHTpaLi yBaru, CriyTaHiCTb CBi-
JOMOCTI, anarisi, COHNMBICTb, AENPECid, NCMX03, a B
KpanHix BMnagkax cTynop Ta koma.

LLINyHKOBO-KMLWKOBI pO3fagn MOXYTb BKOYaTK
nepioanyHy 60BOTY, Gislb Y XMBOTI, NOMIAMNCIO, aHO-
pekcito, 3anop, BUPaskoBy XBOPOOY Ta NnaHkpeaTuT.

CepLeBo-CyanHHI NposiBM 3a3BuUYali BKIOYAIOTb
apTepianbHy rinepTeHsilo Ta 3MiHM Ha enekTpokKap-
giorpami: ckopoyeHuin iHTepsan QT, MigBULLEHHS
cermeHTa ST Ta GpagiapnTMmito 3 610Ka00 NepLIoro
ctynens [32].

HVpKOBI CUMNTOMM BKAKOYAIOTL FiNepKanbLiypilo [k
nepuly 03Haky, noniypito, Noaiguncio, aerigparawiio,
HedpPOKaNbLUMHO3 Ta HUPKOBY HEOOCTaTHICTb. IHLUI
CYMMTOMM TOKCUYHOCTI BiTaMiHy D, CnipuvynHeHi rinep-
KanbLIEMIEID, BKNIOYAIOTL CTPIYKOBY KepaTonarito, BTpa-
Ty CyXy Ta NepiapTUKyNSpHU KanbLmHO3 [33-35].

[JiarHocTuky TokcnyHUx edekTis BiTamiHy D MoxHa
30INCHUTN KNiHIYHO. PaHHa giarHocTuka BMMarae
OEeTanbHOro KAiHIYHOMO aHaMHe3y Ta aHamHesy
XUTTS. TOKCUYHWIA CUHAPOM Y BiNbLIOCTI NALEHTIB €
HacniakoM HaaMipHUX 003yBaHb @00 3aHAATO YaCTMX
iHTepBanis [03yBaHHs BiTaMiHy D, BBeaoeHUx npu
0CTeonopoai, rinonapatupeosi, rinodocdaremii,
ocTeoMansuii abo HMPKOBI ocTeoaucTpodii. Yepes
«HaAMIpHY NONYASPHICTb» BiTaMiHy D sk nikyBanbHO-
ro 3acoby ansa 6araTbox 3aXBOPIOBaHb, 40OaBKM BiTa-
MiHy D (Bkntovaloum BUKOPWUCTaAHHS TepaneBTUYHUX
[003) cTanu A0BOAI NOWMPEHMU cepen, 300P0BMX
cnoxweadis. Jlikapi 3aranbHOi NpakTUK1 MaloTb OyTK
YBXHUMW OO CUMMTOMIB NEpPeno3yBaHHs Y NaLji€eH-
TiB, SKi OTPMMYyBanu TepaneBTUYHI 403K BiTamiHy D
abo noro metabonitis.

MauieHTam 3 rpaHyIbOMaTO3HVMYM 3aXBOPIOBAHHS-
Mn abo nimMdpomolo HeobximHO 0BGCTexyBaTUCS Ha
HasBHICTb rinepkanbLiemii. JlTabopaTopHi pe3ynbtaTu
(kpiM rinepkanbuieMil) y nauieHTiB i3 cMmnToMaTny-
HWMM ek30reHHUM D rinepsiTamiHO30M, NOB’A3aHNUM i3
nepeno3yBaHHaM BiTamiHy D abo 25(0OH)D, neMoH-

potential health risks associated with vitamin D over-
dose [22-25]. Patients should be informed about the
proper use of supplements containing vitamin D,
especially in the case of high doses. Today, special
attention should be paid to patients due to the recom-
mended use of vitamin D for the treatment and pre-
vention of COVID-19 infection.

Clinical manifestations of vitamin D toxicity are
diverse, but are associated primarily with hypercal-
cemia [26-31].

Symptoms of vitamin D toxicity may be similar to
those of other hypercalcemic conditions and include
neuropsychiatric manifestations such as difficulty
concentrating, confusion, apathy, drowsiness,
depression, psychosis, and, in extreme cases, stupor
and coma.

Gastrointestinal disorders may include intermittent
vomiting, abdominal pain, polydipsia, anorexia, con-
stipation, peptic ulcer disease, and pancreatitis.

Cardiovascular manifestations usually include
hypertension and changes in the electrocardiogram:
shortened QT interval, increased ST segment and
bradyarrhythmia with first-degree blockade [32].

Renal symptoms include hypercalciuria as the first
sign, polyuria, polydipsia, dehydration, nephrocalci-
nosis, and renal failure. Other symptoms of vitamin D
toxicity caused by hypercalcemia include tape ker-
atopathy, hearing loss, and periarticular calcification
[33-35].

Diagnosis of the toxic effects of vitamin D can be
made clinically. Early diagnosis requires a detailed
clinical history and life history. Toxic syndrome in
most patients is the result of overdose or too frequent
vitamin D dosing intervals administered for osteo-
porosis, hypoparathyroidism, hypophosphatemia,
osteomalacia, or renal osteodystrophy. Due to the
"excessive popularity” of vitamin D as a treatment for
many diseases, vitamin D supplements (including the
use of therapeutic doses) have become quite com-
mon among healthy consumers. General practition-
ers should be alert to the symptoms of overdose in
patients receiving therapeutic doses of vitamin D or
its metabolites.

Patients with granulomatous disease or lymphoma
should be screened for hypercalcemia. Laboratory
results (except for hypercalcemia) in patients with
symptomatic exogenous D hypervitaminosis associ-
ated with vitamin D or 25(0OH)D overdose show
reduced parathyroid hormone (PTH) levels with a con-
centration of 25(OH)D > 150 ng/ml (> 375 nmol/l),
and normal or elevated levels of 1,25(0H),D.

Exogenous vitamin D toxicity syndrome resulting
from therapy with the active metabolite of vitamin D



CTPYIOTb 3HVXEHWI piBEHb NapaTtropMoHy (gani —
PTH), 3 koHueHTpauieto 25(0OH)D > 150 Hr/mn
(> 375 HMonb/n), i HopManbHi abo MiABWLLEHI PiBHI
koHueHTpauii 1,25(0H),D.

EK30reHHnin CMHAPOM TOKCUMYHOCTI BiTaMiHy D, wio
BMHMKAE BHACNIOOK Tepanil i3 3aCTOCYBaHHSIM aKTUB-
Horo meTabonity Bitaminy D (1,25(0H),D i 25(0H)D),
XapakTepu3yeTbCa 3HMKEHHAM piBHS PTH, nigguieH-
HAM KOHUeHTpauji 1,25(0H),D, a Takox 3HUXEHOo
abo HopManbHOK  KoHueHTpauielo 25(0OH)D.
EHOoreHHa iHTOKCUKauis, WO BUMHMKAE Ha GOHI rpa-
HYNbOMAaTO3HMX 3axBOPIOBaHb abo niMdomMu, Moxe
XapakTepnayBaTncs NpurHiveHnM pisHa PTH Ta 3HK-
X€eHot0 abo HopManbHO KOHLeHTpauieto 25(0H)D Ta
nigsuiieHoo KoHueHTpauieo 1,25(0H),D. Y naujeHTa
3 rinepkanbLjiemieto rinepdocdaremis CBiAYMTL NP0
TOKCWYHICTb BiTamiHy D, Toai K rinogocdartemisa —
npo nepBUHHUIA rinepnapaTtnpeosd. OCTaHHil cTaH
000AaTKOBO XapakTepuayeTbCs NiABULLEHOIO aKTUBHI-
cTio PTH Ta 306inblueHHam koHueHTpadii 1,25(0H),D
Npw HopManbHii KoHueHTpauii 25(0H)D [35-41].

Hes3Baxaloum Ha Te, L0 CMHAPOM TOKCUYHOCTI BiTa-
MiHy D TpannaeTtbea pigko, BiH MOXe NpuU3BOAUTM A0
rinepkanbLiemil Ta 3arpoXxyBaTu XUTTIO, SKLLO NOro
HE BUSIBUTW CBOEYACHO.

OnucaHo 6arato GopM eK30reHHOro (ATPOreHHo-
ro) Ta eHOAOreHHOro CUHAPOMIB TOKCUYHOCTI BiTaMiHy
D. HenaBmMuUCHE nepeno3yBaHHS 4Yepe3 BXMBAHHSA
dapMaueBTUYHMX NPOJYKTIB € HANYACTILLO NPUYK-
HOIO MOro BUMHWMKHEHHS. Ornsg Bunaakie nepenosy-
BaHb, CMPUYMHEHNX MOMWUAKAMK Y NPU3Ha4YeHHi abo
BBE/EHHI BiTaMiHy D, niaTBepamB, L0 TSXKKA iIHTOKCHK-
Kaujs BMHMKAEe Bkpaw pigko. OgHak mpo CUHAPOM
TOKCMYHOCTI BiTamiHy D 3aBxau cnig nam’aratm y
BMNagKax rinepkanbuieMii Npu rpaHynbOMaTO3HNUX
3aXBOPIOBAHHAX, TaKMX SK CApPKOino3, Ty6epKynbo3
a6o npu nimdomi [42-46].

HesBaxatoun Ha 6araTo cynepeyok, MoB'A3aHUX 3
LiNboBOIO KOHLeHTpauieto 25(0OH)D abo pekoMeHa0-
BaHMMK O03amu BiTamiHy D ang 3aranbHoi nonynauji,
BYEHI-MEAMKM HarooLWyloTb, WO KOHLEHTpaLis
25(0OH)D > 150 Hr/mn Hece pu3nK PO3BUTKY CUHAPO-
MYy TOKCUYHOCTI BiTaMiHy D, a cxemu nikyBaHHs aedi-
unTy BiTaMiHy D npu 3acTtocyBaHHi BUCOKUX 03
noTpebyloTb PErynsapHOro MOHITOPUHIY MOro KOH-
LeHTpauji [47-52].

BucHoBku

Y 3aranbHiin nonynauji 3poctae 06i3HAHICTL NPO
KOPUCHICTb AJ19 300poB’a BiTamiHy D. OpHak 36inb-
LLEHHS MO0 CMOXWUBAHHS MOXE BUKJIMKATW CUHAPOM
TOKCMYHOCTI BiTaMiHy D. Crig iHbopmyBaTh CiMeNHMX
nikapie Npo Hebe3neky NepeBunLLEHHS peKOMeHA0Ba-
HUX (32 BIKOM Ta Macolo Tina) 403 Ta NPOBOAUTU
po3’acHIOBaNbHY PobOTYy cepepn HaceneHHs, abu
chopmyBath 00i3HAHICTb MPO HEraTWBHI HACIAKA
nepenosyBaHHs, a TakoX BWHUKHEHHSI CUHAPOMY
TOKCUYHOCTI BiTaMiHy D.
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(1,25(0H),D and 25(0OH)D) is characterized by
decreased PTH levels, increased concentrations of
1,25(0H),D, and decreased or a normal concentra-
tion of 25(0OH)D.

Endogenous intoxication with granulomatous dis-
ease or lymphoma may be characterized by sup-
pressed PTH levels and a reduced or normal concen-
tration of 25(0OH)D and an increased concentration of
1,25(0H),D. In a patient with hypercalcemia, hyper-
phosphatemia indicates vitamin D toxicity, whereas
hypophosphatemia indicates primary hyperparathy-
roidism.

The latter condition is additionally characterized by
increased PTH activity and an increase in the concen-
tration of 1,25(0H),D at a normal concentration of
25(0H)D [35-41].

Although vitamin D toxicity syndrome is rare, it can
lead to hypercalcemia and be life-threatening if not
detected in time.

Many forms of exogenous (iatrogenic) and
endogenous vitamin D toxicity syndrome have been
described.

Unintentional overdose due to the use of pharma-
ceutical products is the most common cause of its
occurrence. Examination of cases of overdose
caused by errors in the appointment or administration
of vitamin D, confirmed that severe intoxication is
extremely rare. However, vitamin D toxicity syndrome
should always be kept in mind in cases of hypercal-
cemia in granulomatous diseases such as sarcoido-
sis, tuberculosis, or lymphoma [42-46].

Despite much controversy over the target concen-
tration of 25(OH)D or recommended doses of vitamin
D for the general population, current guidelines
emphasize that concentrations of 25(0H)D > 150
ng/ml carry a risk of developing vitamin D toxicity syn-
drome, and Vitamin D deficiency treatment regimens
at high doses require regular monitoring of its con-
centration [47-52].

Conclusions

There is a growing awareness among the general
population about the health benefits of vitamin D;
however, an increase in its consumption carries, inter
alia, the risk of vitamin D toxicity syndrome. Family
physicians should be informed about the danger of
exceeding the recommended (age and body weight)
doses, and explanatory work should be conducted
with the public to raise awareness of the negative
effects of overdose and occurrence of vitamin D toxi-
city syndrome.
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