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EXTRASKELETAL BENEFITS AND RISKS OF CALCIUM,
VITAMIN D AND ANTI-OSTEOPOROSIS MEDICATIONS

NMEPEBATU TA PUSUKN NO3ACKEJIETHOI
Al KANbLIIO, BITAMIHY D TA
AHTUOCTEONOPOTUYHUX MPEMAPATIB

MpoposxkeHns. MouaTtok y N2 1(9), 2013

Vitamin D

Rickets and osteomalacia are the diseases tradi-
tionally associated with severe vitamin D deficiency,
defined as 25(OH) vitamin D levels below 10 ng/ml
(25 nmol/1). A growing body of evidence has emerged
indicating that less severe degrees of vitamin D defi-
ciency between 10 and 20 ng/ml (25 and 50 nmol/I)
and even vitamin D insufficiency, defined as 25(OH)
vitamin D levels between 20 and 30 ng/ml (50 and
75 nmol/l), impair gastrointestinal absorption of cal-
cium and bone mineralization, contributing to the
pathogenesis of osteoporosis in older people [60]. Vita-
min D has an impact on bone density and bone quality.
In addition, by increasing muscle strength, adequate
vitamin D status reduces the risk of falling in older in-
dividuals (see below). Therefore, vitamin D has a dual
benefit for prevention of fractures in the elderly, a ben-
efit on bone density and on muscle strength [61]. The
importance of vitamin D for the prevention and treat-
ment of osteoporosis has notably been reviewed in a
previous Consensus of the Belgian Bone Club [1].

Furthermore, many studies have implicated vita-
min D and its metabolites in the pathogenesis of a wide
variety of clinically important non-skeletal functions
or diseases, especially muscle function, cardiovascu-
lar disease, autoimmune diseases and several common
cancers. The principal non-classical targets will be re-
viewed in this section. Whilst the evidence on bone and
muscle health is based on randomised clinical trials,
the evidence on other disease areas is nevertheless of a
lower level. Most trials are small to moderate sized, and
the outcomes of interest are only secondary outcomes.
Interestingly, a meta-analysis of 18 randomised clini-
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Bitamin D

PaxiT i ocTeoMalIsIiIist € THMY 3aXBOPIOBAHHSIMMU, IIIO TPATULIIITHO
aCOLIIOIOTECS 3 TSLKKUM AediroM Bitaminy D, ocTanHiii miarHOC-
tyeThest nipu piBHi 25(OH) Bitaminy D (25(OH)D) nukue 10 Hr/mn
(25 HMonb/m). 3pocTatoya KiJIbKiCTh 10Ka3iB CBIIUUTH PO TE, 110
JIETKU cTymiHb aediumry Bitaminy D (Bin 10 no 20 Hr/ma (25—
50 HMOJIb/IT)) i HaBiITh HEIOCTATHICTD BiTaMiHy D (BU3HAYa€ThCS SIK
piBeHb 25(OH)D wmix 20 i 30 Hr/mu (50—75 HMOJIb/JT)) TIOTIiPILYIOTh
BCMOKTYBAHHSI KaJIbIIil0 B IIUTYHKOBO-KHUIIIKOBOMY TPaKTi i MiHepa-
Jli3alilo KiCTKOBOI TKAHWHU, MAaTOT€HETUYHO CIPUSIIOUM OCTEOMO-
po3y B mozei JIiTHhoro Biky [60]. Bitamin D BIiMBae Ha LIUIBHICTD
KiCTKOBOI TKAHMHM Ta SIKiCTh KiCTKOBOI TKaHMHU. Kpim Toro, 3a pa-
XYHOK 301IbIIIEHHST M $I30BOI CHJTU, ONITUMAIbHUI PiBEHb BiTaMiHy
D y cupoBariii KpoBi 3HIKYE PU3UK MAAiHHS Y JITHIX JIIOnei (IuB.
Hkue). Takum unHOM, BitamiH D Mae moaBiliHy KOpUCTh — IIPO-
¢inakTUKa MepeIOMiB y JITHIX JIIOAEH i MiABUIIEHHS MiHEepaJIbHOI
IITBHOCTI KiCTKOBOI TKAHMHU Ta M’s130B0i ¢t [61]. BaxkiuBicThb
BiTaMmiHy D 17151 mpoiniakTUKY Ta JiKyBaHHSI OCTEONOPO3y AeTaslb-
HO OyJI0 pO3IVISIHYTO B IOIepeaHboMy KoHceHcyci Belgian Bone
Club [1].

Kpim Toro, 6arato mociimkeHb BiI3HaYWIM pojib BitamiHy D i
ioro MeTaboJIiTiB y MaToreHe3i pisHUX KJIHIYHO BaXKJIMBUX 1103a-
ckeJleTHUX (DyHKIIii Ta 3aXBOPIOBaHb, OCOOJIMBO M’SI30BO1 (DYHKILIT,
CeplIeBO-CYIMHHUX Ta aBTOIMyHHUX 3aXBOPIOBAHb i1 JESIKMX MOLIH -
peHux BumiB paky. OCHOBHI HEKJIACMYHI BIUIMBU BiTamiHy D OymyTh
PO3IJISIHYTI B LIbOMY PO3/IiIi. Y TOM Yac SIK AaHi PO BIUIUB BiTaMiHY
D Ha KicTKu Ta M’$SI3U IPYHTYIOTBCSI Ha pe3y/ibTaTax paHaoMi3oBa-
HUX KJIHIYHUX JOCIIIKEHb, OKA3U MPO HMOro 3B’SI30K 3 iHIIUMU
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cal trials including 57,311 individuals nevertheless con-
cluded that vitamin D supplementation was associated
with a decrease in total mortality (RR 0.93; 95% CI
0.77—0.96 compared to the control group) that could
be due to effects of vitamin D on the musculoskeletal
system or, as summarized below, on various non-skel-
etal diseases [35].

Vitamin D and muscular function

Vitamin D receptors have been shown to be pres-
ent in muscle tissue [62], and a direct effect of vitamin
D on muscle physiology is probable [63]. In muscle,
vitamin D activates protein kinase C, which promotes
calcium release, increasing the calcium pool that is es-
sential for muscle contraction [64]. The potential cell
signalling pathways affected by vitamin D in muscle
have been recently reviewed [65]. Vitamin D deficien-
cy has long been clinically associated with impaired
muscle strength [66] and is also associated with loss
of muscle mass [67]. With ageing, the number of vita-
min D receptors in muscle decreases and the number
of type II fibres, the first to be recruited to avoid falls,
also decreases [68]. Treatment of elderly stroke survi-
vors with 1,000 IU of vitamin D, daily increases mean
type II muscle fibre diameter by 2.5-fold over a 2-year
period [69]. Because muscle weakness is a major risk
factor for falls, it is not surprising that low vitamin D
status is associated with an increased falls risk, as nota-
bly shown in a longitudinal study [70]. A meta-analysis
including seven randomised, double-blind trials evalu-
ating a daily dose of 700—1,000 TU/day of vitamin D
demonstrated that falling was significantly reduced by
19 % (RR 0.81; 95% CI 0.71—0.92) in vitamin D sup-
plemented individuals compared with those receiving
calcium or placebo [71]. This benefit may not depend
on additional calcium supplementation, was significant
within 2—5 months of treatment and extended beyond
12 months of treatment.

Vitamin D insufficiency and deficiency are asso-
ciated with an increase in muscle fat as demonstrated
by a significant negative relationship between circulat-
ing 25(OH) vitamin D levels and computed tomogra-
phy measures of percent muscle fat (p < 0.001) [72].
Most studies have not found a significant relation-
ship between baseline 25(OH) vitamin D levels and
muscle strength [73]. However, correction of vitamin
D deficiency has most often been associated with an
improvement in muscle strength. Vitamin D supple-
mentation in vitamin D-deficient Asian Indians during
6 months has thus shown an enhancement in skeletal
muscle strength and physical performance [74]. A re-
cent randomised, placebo-controlled, double-blind
trial of 1,000 IU/day of vitamin D for 1 year showed a
significant increase in muscle strength and mobility in
subjects in the lowest tertile of baseline 25(OH) vitamin
D values [75]. A longer duration trial showed that vita-
min D and calcium supplementation during 20 months
were superior to calcium alone in reducing fall fre-
quency and improving muscle function in community-
dwelling elderly subjects with 25 (OH) vitamin D levels
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3aXBOPIOBAHHSIMU HaJIeXaTh IO OiIbII HU3bKOTO PiBHS. BinblIicTh
KJTiHIYHUX JOCJIIKEeHb € MAJIUMU I CepelHiMU 3a pO3MipaMM BU-
OipKM, a TakoX Oy/IM Kiacu(piKoBaHi SIK BTOPUHHI 3a KPUTEPisIMU
iHTepecy. LlikaBo, 1110 BUCHOBKOM MeTaaHaslizy 18 paHaoMi3oBaHUX
KJIiHIYHMX JOCTIIKEeHb, SIKWii BKIto4aB 57 311 ocib, Oysio Te, 1110 A0-
JIaTKOBE MPU3HAYEHHSI BiTaMiHy D NIpUBOAUTH 10 3HVKEHHST PiBHS
3arayibHoi cmeptHOcTi (BP = 0,93, 95% 11 0,77—0,96 ropiBHSIHO 3
KOHTPOJIEHOIO TPYIIOI0), IO, MOXKJIMBO, ITOB’SI3aHO i3 BILIMBOM Bi-
TaMiHy D Ha ormopHO-pyxoBuii arapar, ado, SIK HaBeIeHO HIKYe, Ha
Pi3Hi MO3acKeIeTHI 3aXBOpIoBaHHS [35].

Bitamiu D i m'asoBa ¢pyHKuUinA

Ak Oyno mokazaHo, peuenTtopu 10 BitaMiHy D mpucytHi B
M’SI30Biii TKaHUHI [62], TOMY MMOBIpHMIA TIPSIMUIA BIIMB BiTaMiHy
D Ha ¢isiosoriuni mporecu y M’si3ax [63]. Y Hux BitTamiH D akTHBY€
npoteiHkiHazy C, sika Crpusie BUBLIBHEHHIO KaJIbIlito, TTiIBUIIECH-
HIO KOHIEHTpALlii KaJblli0, 1110 MA€ BasKJIMBE 3HAUEHHSI JJIsS1 CKOPO-
YEHHST M’SI30BOTO BOJIOKHA [64]. BrmmB BiTamiHy D Ha moTeHIian
CUTHAJIbHUX IIUISIXiB Y M $I30BUX BOJIOKHaX OyB HETaBHO IIEPeIJIsi-
HyTuit [65]. dediuut Bitaminy D KIiHIiYHO BXe TaBHO OB’ sI3aHUI
31 3HIKEHHSIM M’s130BOi CHIIM [66], a TaKOX i3 BTpaToi0 M’S130BOL
Macu [67]. 3 BIKOM KiJIbKIiCTh pelienTopiB 10 Bitaminy D y mM’s13ax
3MEHILYEThCS Ta 3HUKYETHCS KiJIbKICTh BOJIOKOH IPYroro Thiry [68].
JIikyBaHHS JITHIX JIFOAEH, sIKi EPEHECIM iHCYJIbT, BiTaMiHoM D, y
103i 1000 MO 1ioaHs1 IpoTSIroM 2-pivHOro Tepiony 30iUIbIIYE Tia-
MeTp M’s130BMX BOJIOKOH 11 Tumy B 2,5 pasa [69]. Ockinbku M’si30Ba
C1a0KiCTb € OCHOBHUM (DAKTOPOM PU3UKY MaliHb, TO HE IUBHO, 1110
HU3bKUI piBeHb BiTaMiHy D acollitoeThes 3 MiABUILIEHUM PU3UKOM
MajiiHb, SIK, 30KpeMa, IM0Ka3aHO B JOBIOTPUBAJIOMY JOCTiKEHHI
[70]. ¥ meraaHanisi, y skuii yBiiluIM ciM paHIO0Mi30BaHUX TjIatle-
00-KOHTPOJbOBAHUX JTOCTIIKEHb, TOBSACHO, 10 MPUIIOM BiTaMiHy
Dy no6ogiii m03i 700—1000 MO/neHb IpUBOAXUTH 10 3HUXKEHHSI T1a-
ninb Ha 19 % (BP = 0,81, 95% 11 0,71—0,92) mopiBHSHO 3 rpyIioo,
siKa TpuiimMana Kajbliii abo miane6o [71]. 3a3HaueHuii eekT He
3aj1exkaB BiJl 1OAATKOBOTO MPUIAOMY KaJIblilo, OyB 3HAUYIIIUM TPO-
TATOM 2—35 MICSILIB JIiKyBaHHS il TpuBaB 12 MicsI1liB Tic/st mpumnu-
HEHHS Tepartii.

Hediuut Ta HeroCcTaTHICTD BiTaMiHy D acollitoeThes 3i 3pocTaH-
HSIM YaCTKU XKUPY B M’SI30Bill TKAHUHI, TTPO 110 CBiAUNTD BUSBICHUI
BipOTigHMIT HeraTUBHMI 3B’130K MixX piBHeM 25(OH)D y cupobart-
i KPOBi Ta BiICOTKOM KMpPY B M SI30Bili TKAHWHI, TOCTIIKEHUI 3a
JIOIOMOTroi0 KoMIt 1oTepHoi Tomorpadii (p < 0,001) [72]. Binbiricts
CIHOCTePeXXeHb HEe 3HAIIUIM BipOTiIHOTO 3B 513Ky MixK BUXiTHUM PiB-
HeM 25(OH)D y cupoBarui KpoBi Ta M’s130B010 cuiioro [73]. TIpo-
Te KopeKis nedinuty Bitaminy D Haityacriiie cynpoBoKyBaacst
TMOKpalleHHSIM M’ 130801 cviii. [TpoBeneHi JocIimKeHHs cepel Ha-
cenieHHs1 [HAii TToKas3anm 30iIbIIeHHST M SI30BOI CHMIM Ta (hi3MYHOI
Mpare3aaTHOCTi MPU KOopeKil nediuuty BiTamiHy D mpotsirom 6
MmicsauiB [74]. HemaBHe paHmomizoBaHe I11a11e00-KOHTPOJIbOBAHE
MOABIiMHE CIime OCimKeHHS e()eKTUBHOCTI BiTamiHy D y mo3i 1000
MO/neHb, ke TPOBOAMUIIOCS MPOTIToM 1 pokKy, NoKas3aao 3HauHe
301IbIIEHHST M’I30BO1 CUJIM 1 pyXJIMBOCTI B 0Ci0 HAMHIZKYIOTO Tep-
T 6a3oBoro piBHs 25(OH)D [75]. TpuBani mociimkeHHs, IpoBe-
NIeHi cepen JIofiei, sIKi MPoXUBaloTh y OyIMHKaX 7151 OCiO JIITHHOTrO
BiKy, MOKa3aiu, IO NMpUHOM TpenapaTiB BiTaMiHy D Ta kanbliito
npotsirom 20 MicsiiiB MaB Kpaiiuii eheKT y 3MEHIIIeHHI YacTOTH
MajiHb i MOMIMIIeHH] (PYHKIIT M’sI3iB TTOPiBHSIHO 3 MOHOTEpPAIi€0
KasbllieM y cy0’exTiB 3 piBHeM 25(OH)D y cupoBariii KpoBi HIK4Ye
31 ur/mi [76]. i mocmimKeHHS y3romKyIOThCsT 3 HeTaBHO OITy0JTiKO-
BaHUM CHCTEMAaTUYHUM OTJISIIOM Ta METaaHali30M, Y SKOMY aBTOpH
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below 31 ng/ml [76]. These studies are in agreement
with a recent systematic review and metaanalysis where
the authors confirmed a beneficial effect of vitamin D
supplementation on proximal muscle strength in adults
with vitamin D deficiency but no significant effect on
muscle strength in vitamin D replete adults [77].

Vitamin D and cardiovascular risk

Alow level of 25(OH) vitamin D could be an inde-
pendent risk factor for cardiovascular events, although
a causal relationship has yet to be supported by large
interventional trials. The evidence supporting a link
between vitamin D deficiency and myocardial diseases
has recently been reviewed [78]. In addition to pos-
sible direct effects due to the presence of the vitamin
D receptor and of the 1-alpha hydroxylase enzyme in
cardiac myocytes and other cells of the cardiovascular
system [79], vitamin D has significant effects on several
cardiovascular risk factors. Studies, ranging from ani-
mal studies to clinical trials, have shown that pharma-
cological doses of vitamin D notably reduce inflamma-
tion [80], improve endothelial function [81], control
the secretion of insulin and improve insulin sensitivity
[82].

Furthermore, as recently reviewed, vitamin D sta-
tus has been linked to arterial hypertension [83]. Sever-
al observational studies suggest that 25(OH) vitamin D
levels less than 15 ng/ml are associated with an excess
risk of cardiovascular events when compared to levels
> 30—40 ng/ml. A nested case—control study in 18,225
men in the Health Professionals Follow-up Study
(men aged 40—75 years, free of cardiovascular disease
at baseline) showed that men with a 25(OH) vitamin
D level < 15 ng/ml had an increased risk for myocar-
dial infarction relative to men with a level > 30 ng/ml
(RR 2.42; 95% CI 1.35—3.84) [84]. Even men with a
25(0OH) vitamin D level 22.6—29.9 ng/ml had an in-
creased risk (RR 1.60; 95% CI 1.10—2.32) compared
with those with a level > 30 ng/ml. In the Framing-
ham offspring cohort study, 25(OH) vitamin D was
measured in 1,739 participants without prior heart dis-
ease. At a mean follow-up of 5.4 years, amongst those
with hypertension, there was a 2-fold increase in the
risk of cardiovascular events for the participants with
a 25(OH) vitamin D level < 15 ng/ml compared to
those with a level > 15 ng/ml [34]. The Ludwigshafen
Risk and Cardiovascular Health Study, a prospective
cohort comprising 3,300 patients referred to coronary
angiography and followed for 7.7 years, demonstrated a
strong association between vitamin D status and several
cardiovascular outcomes, such as cardiovascular mor-
tality [85], stroke [86], heart failure and sudden car-
diac death with the lowest risk amongst those with the
highest 25(OH) vitamin D levels [87]. However, such
associations have not been found in other studies. In
the Osteoporotic Fractures in Men Study, vitamin D
intake was evaluated in 3,094 men and 25(OH) vitamin
D was measured in 813 men. The authors found no as-
sociation between vitamin D intake or 25(OH) vitamin
D levels and incidence of cardiovascular disease during
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MiATBEpIWIA MO3UTUBHUI e(PeKT 10IaTKOBOro IprM3HaYeHHs BiTa-
MiHy D Ha 30i1bILIeHHST CUJTU TTPOKCUMAJTBHOI IPYITA M’SI3iB y JOPOC-
Jx i3 neditmToM Bitaminy D, ajie He BUSIBUIJIM TaKOTO BIUIUBY B OCiO
i3 fioro onTUMaabLHUM piBHEM [77].

Biramin D Ta pu3ukK cepueBo-CyaANHHUX
yCKNnagHeHb

Husbkuii piBers 25(OH)D moxe Oyt He3anesXKHUM YMTHHIKOM
PUBHKY PO3BUTKY CEpIEBO-CYTMHHUX YCKIATHEHb, XOU TPUUNH-
HO-HACJIIIKOBMI 3B’S130K 11 OCI HE MiATBEPIKEHNI BETUKUMU KITi-
HIYHUMM JOCHIIKeHHSIMU. Y HEIIOAaBHO OMyOJIiKOBAaHOMY OIJISIIi
HaBeJIeHi JJ0Ka3u, 1110 MiATBEPIKYIOTh 3B’I30K MixX Ae(illuTOM BiTa-
miHy D Ta 3axBoproBaHHsIMU MioKapaa [78]. Y 3B’13Ky 3 MOXJIMBOIO
MpsIMOIO Ji€to BiTaMiHy D, sika 3yMOBJIeHa BUSIBJIEHUMM PeLienTopa-
MU 110 BitaMiHy D #i 1-anbgda-rizpokcuiazoro B KapaioMioluTax Ta
IHIIMX KJIITUHAX CePLEBO-CYIUHHOI cuctemMu [79], Bitamin D Moxe
MaTy BIUIMB Ha peastizallito 1esikux (pakTopiB pusnKy pO3BUTKY Cep-
1IeBO-CYIMHHUX YCKIamHeHb. [IpoBeneHi AOCHTimKeHHs, TToYrnHa-
FOYM Bifl eKCIIEpUMEHTAIbHIX Ha TBApMHAX IO BEIMKUX KIIIHIYHMX
BUIIPOOYBaHb, IOKa3alu, 10 IpU3HAYeHHsS BitamiHy D Beme mo
3MEHIIIEHHSI BUpaKeHOCTi 3arajieHHs [80], mokpaleHHsT (yHKIIil
eHporelito [81], HopMatizalii cekpelil i MOJiMIIeHHsT YyTIMBOCTI
TKaHMH J10 iHcysiny [82]. KpiMm Toro, sik HeloaaBHo ONM1caHo, cTa-
Tyc BitamiHy D noB’si3aHuit 3 apTepiaabHOO TirnepreHsiero [83].

JlekinbKa CIiocTepeXeHb MOKa3yloTh, 10 MAIliEHTH i3 piBHEM
25(0OH)D Huxue 15 Hr/mil MaloTh BUILLIMI PU3UK PO3BUTKY ceplie-
BO-CYIMHHUX YCKJIAIHEHb TIOPIBHSIHO 3 OOCTEXXEHUMM, SIKi MAlOTh
piBeHb moHan 30—40 Hr/mir. [Ipu peTpocrieKTUBHOMY aHami3i J10-
caimkenHs: Health Professionals Follow-up Study, mpoBemeHoro
cepen 18 225 4yosoBikiB (dyonoBiku BikoM 40—75 pokiB, sIKi He MaJld
CepLEBO-CYIMHHMX 3aXBOPIOBaHb Ha IMOYATKY JOCJIIIKEHHs), IO-
KazaHo, 1110 4oJioBiku 3 piBHeM 25(OH)D 15 Hr/mi i HUxXK4Ye Maau
MiZIBUILIEHU I PU3UK PO3BUTKY iH(DapKTy MioKap/a MOPiBHSIHO 3 4O-
JoBikamu 3 piBHeM 30 Hr/mit i Butie (BP = 2,42, 95% 11 1,35—3,84)
[84]. Hagitb yomnosiku 3 piBHeM 25(OH)D 22,6—29,9 Hr/ma Manu
migBuinenuii pusuk (BP = 1,60, 95% 1 1,10—2,32) mopiBHsIHO 3
TUMHU, Y SIKUX foro piBeHb OyB moHan 30 Hr/Mj. Y Koropti Haiai-
KiB yyacHUKiB @peMiHreMChbKOro JociimkeHHs pieHb 25(OH)D y
CHpoOBaTLi KpoBi BuBYaBcs cepen 1739 ocid, y sikMx Ha yac criocTe-
peXeHHs1 He OYyJIO BUSIBJICHO CEPLIEBO-CYAIMHHUX 3aXBOPIOBaHb. Y
cepeauHi nepioay criocrepexxeHHs (5,4 poKy) cepell TUX, XTO XBOPiB
Ha TilePTOHII0, CIIOCTEPiraaocs 2-KpaTHe 30UIbIIEHHST pU3UKY Cep-
LIEBO-CYIMHHUX YCKJIaIHEHb cepejl yYacHUKIB i3 piBHeM 25(OH)D
HWKYe 15 Hr/MJ1 TOPiBHSTHO 3 TUMMU, Y SIKUX 1OTO PiBeHb OYB 15 Hr/MJT
i Bume [34]. ¥ npocnektuBHuX pociimkeHHsx Ludwigshafen Risk
ta Cardiovascular Health Study, y SIKix Ha TTO4aTKy CIIOCTEPEXKEHHS
Oyso mmpoBeneHo KopoHapHy aHriorpadiro 3300 mamieHTam, yepes
7,7 poky Oyj0 Big3Ha4€HO TICHUI1 3B’SI30K MiXK CTaTyCOM BiTaMi-
Hy D Ta gesakuMu cepleBO-CyTMHHUMM YCKJIATHEHHSIMM, TAaKUMU
SIK CMEPTHICTb Bill CepLIeBO-CYIMHHOI martoJorii [85], iHcyabT [86],
ceplieBa HeJOCTAaTHICTh Ta panToBa cepiieBa CMePTh i3 HAWHMKIUM
pu3uKoM cepen oci6 i3 HaiiBuinumM piBHeM 25(OH)D y cuposariii
KpoBi [87]. TuM He MeHIIIe TaKOTro 3B’SI3Ky He OyJI0 BUSIBJIEHO B iH-
X JOCTIIKeHHX. Y criocTepeskeHHi the Osteoporotic Fractures in
Men Study, no sikoro 6yso BkimoueHo 3094 ocobu, piseHb 25(OH)D
Y CUpOBaTIli BUBYABCA B 8§13 40JIOBIKiB. ABTOPY He BUSIBUJIU BipOTiI-
HUX 3B’SI3KiB MiXK KiJTbKiCTIO BiTaMiHy D y hakTmaHOMY Xap4yBaHHi
4y piBHeM 25(OH)D y cupoBatii KpoBi Ta 4aCTOTOIO CepLIeBO-CY-
IUHHMX 3aXBOPIOBaHb (MediaHa IMepiomy CIIOCTepeXKeHHSI CTaHO-
Bwia 4,4 poky) [88]. AHajoriuHi pe3yJbTaTh OTPMMAHO Y IMPOCIEeK-
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a median follow-up of 4.4 years [88]. Similarly, serum
levels of 25(OH) vitamin D levels were not indepen-
dently associated with cardiovascular mortality in the
prospective Rancho Bernardo study including 1,073
community-dwelling older adults followed up to 10.4
years [89]. On the other hand, in a cross-sectional study
of 2,722 subjects, the prevalence of hypertension was
found to be increased in subjects with 25(OH) vitamin
D levels < 40 ng/ml; odds ratios were 2.7 (1.4—5.2),
2.0 (1.4-5.2) and 1.3 (1.2—1.6) for 25(OH) vitamin
D levels < 15, 15—29 and 30—39 ng/ml, respectively,
compared with the >40 ng/ml group [90]. This inverse
relationship between 25(OH) vitamin D levels and hy-
pertension has been recently confirmed in a meta-anal-
ysis of 18 studies [91]. These various sets of data raise
the question of whether vitamin D supplementation
can prevent hypertension and cardiovascular events.

The evidence of benefit of vitamin D supplemen-
tation from randomised trials is, however, scarce. In a
small trial, 8 weeks of supplementation with vitamin D,
(800 Ul/day) and calcium was reportedly more effec-
tive in reducing systolic blood pressure than calcium
alone [92]. In the Women’s Health Initiative trial, in-
cluding 36,282 postmenopausal women, vitamin D,
plus calcium supplementation did not reduce blood
pressure, nor the risk of developing hypertension over
7 years of follow-up; however, in this trial, supplemen-
tation consisted only of 400 IU/day and adherence
to supplementation was only around 60 % [93]. A re-
cent metaanalysis of eight randomised clinical trials
in patients with a mean baseline blood pressure above
140/90 mmHg concluded that vitamin D reduces
blood pressure modestly but significantly [94]. In sum-
mary, results from different studies are conflicting and
trials specifically assessing effects of vitamin D on car-
diovascular diseases as a primary endpoint are lacking.
It is therefore premature to recommend supplemental
vitamin D intake for the prevention of cardiovascular
diseases or hypertension [95].

Vitamin D and the immune system

Vitamin D receptors are present in almost all im-
mune cells, including activated T and B lymphocytes
and antigenpresenting cells. Immune cells also express
vitamin Dactivating enzymes, allowing local conver-
sion of inactive vitamin D into calcitriol within the im-
mune system [96]. Several autoimmune diseases such
astype 1 diabetes mellitus or multiple sclerosis are more
frequent in countries with less sunshine, and vitamin
D deficiency in early life increases the risk of autoim-
mune diseases and infections later on [96, 97]. There
are several epidemiological studies that have reported
an association between vitamin D deficiency and sus-
ceptibility to respiratory infections, especially tubercu-
losis and Gram-negative infections [98]. Studies using
animal models of autoimmune diseases have identified
vitamin D as a potential modulator of differentiation,
proliferation and secretion processes in autoimmune
reaction [96]. Supplementation in humans might thus
be preventive in a number of autoimmune disorders.
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THBHOMY aociimkeHHi Rancho Bernardo, o tpusano 10,4 poky ta
Biumovasio 1073 xxuteni OynuHKY U1s1 TIOAEH JTITHBOTO BiKy. Y HbOMY
He BUSIBJIEHO 3B’s13Ky MixX piBHeM 25(OH)D ta cMepTHicTIO Biz cep-
eBO-CyIMHHOI Tatosiorii [89]. 3 iHIIoro 60Ky, B OTHOMOMEHTHOMY
eIiIeMioJIOTIYIHOMY JTOCTIKEHHI, ImpoBeaeHoMy cepen 2722 ocio,
TMOIIMPEHICTh TIMEPTOHIYHOI XBOpOoOU OyJia BUIIIOIO B TAIIEHTIB i3
piBaeM 25(OH)D y cuposatui kposi noHan 40 ur/ma (BP = 2.7,
95% Al 1,4-5,2; BP = 2,0, 95% A1 1,4-5,2 i BP = 1,3, 95% Ml
1,2—1,6 BignosingHo s piBHiB 25(OH)D y cupoBartiii KpoBi HIKYE
15, 15—29 1 30—39 ur/mn) [90]. Lieit 3BopoTHMIA 3B’ 130K MixX piBHEM
25(OH)D Ta rinepToHiYHOI XBOpOOOIO OYB HEILIOAABHO IiITBEp-
JoKeHUI y MeTtaaHautizi 18 pocnimkens [91]. OTpumani pesyabraTu
MOPYLIYIOTh MUTAHHS MPO T€, YM MOXKE JOJAaTKOBE MpPU3HAYECHHS
BiTaMiHy D 3amo0irt po3BUTKY TillePTOHIi Ta CepLeBO-CYIMHHUX
YCKJIATHEHb?

V mpoBeneHVX paHOOMI30BaHUX KIIHIYHUX ITOCTIIKEHHSIX €
CBiTYEeHHs PO KOPUCTH Teparii BitamiHoM D, mpoTe Takux mociti-
IKEHb MaJIo. Y HEeBEeJIMKOMY JOCIIiIKEeHHI e(DeKTUBHOCTI 8-TIKHE-
BOI Tepallii penaparaMu Kajbliiito 3 Bitaminom D, (800 MO/nenb)
TOBITOMJISIETBCS TIPO OUTBIN e(PEeKTUBHE 3HMKEHHSI CHUCTOJIIIHOTO
apTepiaTbHOTO THCKY TIOPiBHSIHO 3 TPYIIOI0, sIKa OTPUMYBaJIa JIMIIIE
npenapary Kaiblito [92]. ¥V kininiyHoMy gociimpkeHHi the Women’s
Health Initiative, sike Bkimio4aso 36 282 XiHOK y TOCTMEHOIAy3a/Ib-
HOMY Iepiofii, BCTAHOBJIEHO, 1110 MpernapaTy Kajbllilo i3 BiTaMiHOM
D, He 3HMKyBai Hi piBeHb apTepialbHOrO TUCKY, Hi PU3UK PO3-
BUTKY TillIEpTOHil IIPOTSITOM 7 POKiB CLOCTEPEXKEHHSI, MPOTE B 1IbO-
My AOCHTiKeHHI XiHku otpumyBanu auiie 400 MO/neHsb, a npu-
XWJIBHICTh 10 Tepamnii ctaHoBmIa 0yin3sko 60 % [93]. BucHoBKOM
HEaBHBOTO MeTaaHasli3y BOCbMU PAaHIOMI30BaHUX KJIiHIYHUX J0-
CJTi/DKEHb, MPOBEIEHUX Cepel MAIiEHTIB i3 cepeaHiM 0a30BUM ap-
TepiaTbHUM TUCKOM moHan 140/90 mwm pr.cT., € Te, 110 Bitamin D
3HIDKYE PiBEHb apTepiajIbHOTO THCKY BipOTiIHO, IIPOTE IOMipHO
[94]. TakuM yMHOM, pe3yIbTaTH Pi3ZHUX JOCIIIKEHb € CyNepewin-
BuMM. Ha cboromHi icHye Majio KJIiHIYHMX BUIIPOOYBaHb, Yy SKMX
MepBUMHHMMU TOYKaMM Aii BiTamiHy D € BIJIMB Ha ceplieBO-CyAMHHI
3aXBOpIOBaHHS. TOMY peKOMEHIyBaTH JOAATKOBE MTPU3HAYCHHSI Bi-
taMiny D st npodigakTuKu ceplieBo-CyIMHHUX 3aXBOPIOBaHb Y1
rinepToHii 1m1e 3apaHo [95].

Biramin D Ta imyHHa cucrema

Peuieniropu 1o BiTamiHy D mipucyTHi Maitke B yCiX KITiTMHAX
iMYHHOI cCTeMH, Y TOMY YuCITi i1 akTuBOoBaHUX T- i B-n1imMdormrax
Ta aHTUTEHIPE3EHTYIOUMX KJIITUHAX. IMyHHI KITITUHU TaKOX MTPOJIy-
KyI0Th (bepMEHT, 110 aKTUBYE BitTaMiH D, 1e cripusie JToKaJIbHOMY
MEePETBOPEHHIO HEAKTUBHOTO BitTaMiny D y kampuumtpion [96]. de-
sIKi aBTOIMYHHI 3aXBOPIOBaHHSI, TaKi SIK IlyKPOBUIA ia0eT 1-ro TUITy
YU PO3CISTHUM CKJIepO3, YacTillle 3yCTpidaloThCsl B KpaiHaX i3 HU3b-
Kolo iHcousui€eto. dediuut Bitaminy D y paHHbOMY Billi IiABUIILYE
3 pOKaMM PU3KMK PO3BUTKY aBTOIMYHHUX 3aXBOPIOBaHb Ta iH(EKILiit
[96, 97]. € kinbKa enineMioOriuHUX JOCTIIKEHD, Y IKMX BUSBICHO
3B’s130K MK JedinyroM BiTamiHy D Ta CXMIIBHICTIO 10 pecItipaTop-
HUX iH(EKIIii1, 0COOIMBO TyOEPKYJIbO3Yy Ta FpAMHEraTUBHUX iH(eK-
miit [98]. ¥V mocmimKeHHsIX i3 BUKOPUCTAHHSIM TBAPMHHUX MOJIEIei
aBTOIMYHHHUX 3aXBOPIOBaHb JOBEIECHO POJIb BiTaMiHy D SIK ToTeH-
HiltHOrO Momy/IsiTOpa MePeHIIiFOBaHHS, Ipoidepallii Ta cCeKpelil
MpoLeciB aBTOIMYHHOI peakiii [96]. JlonaTkoBe MpU3HAYECHHSI Malli-
€HTaM MpemnapariB BiTamiHy D Moxe nonepeauTy pO3BUTOK AKX
aBTOIMyHHUX PO3JIafiB.

Y npocnektruBHOMY (hiHCHKOMY MOCTIMXEHHI KOrOpTH HOBO-
HapomkeHux giteit (moHan 10 000 miteit, HapomkeHnX y 1966 porii)
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A Finnish birth-cohort study, including > 10,000
children born in 1966, showed that vitamin D supple-
mentation during the first year of life (2,000 IU/day)
was associated with a risk reduction of 78 % for de-
veloping type 1 diabetes (followed up until end 1997)
compared to no supplementation or use of lower doses
[99]. A meta-analysis of data from four case-control
studies and one cohort study support the beneficial
effects of vitamin D in prevention of type 1 diabetes
[100]. A more recent supplementation study, however,
was negative [101]. Data indicate that treatment with
vitamin D could be beneficial in reducing the risk of
developing multiple sclerosis and diminishing its ex-
acerbations [102]. Although contradictory data exist
concerning supplementation benefits in rheumatoid
arthritis (RA) and systemic lupus erythematosus, an as-
sociation between low levels of 25(OH) vitamin D lev-
els and activity of both diseases has been reported [103,
104]. Furthermore, an inverse association between
higher intake of vitamin D and risk of rheumatoid ar-
thritis was demonstrated in the lowa Women’s Health
Study [105]. However, we still lack non-biased large
cohort studies that can sustain the proposed benefits
of vitamin D supplementation for optimal immune
function. Large-scale intervention trials in humans
that support the findings in preclinical or observational
studies are lacking [96].

Vitamin D and cancer: treatment and
prevention

Many experimental data show that calcitriol stimu-
lates apoptosis and differentiation and inhibits angio-
genesis and proliferation in tumour cells [106]. Nu-
merous association studies suggest that serum 25(OH)
vitamin D levels are inversely associated with the risk of
many types of cancer. Further, in some studies of pa-
tients with cancer, an association between low 25(OH)
vitamin D levels and poor prognosis has been observed
[107, 108]. A meta-analysis of available studies indicat-
ed that there is a trend for lower incidence of colorectal
carcinoma and adenoma with 25(OH) vitamin D levels
> 20 ng/ml in a dose-response association [109]. For
breast cancer, a pooled analysis of two studies with 880
cases and 880 controls demonstrated that individu-
als with sufficient serum 25(OH) vitamin D levels had
50 % lower risk of breast cancer than those with levels
<13 ng/ml[110]. Inaddition, a large case-control study
on 1,394 post-menopausal breast cancer patients and
1,365 controls also showed that the 25(OH) vitamin
D level was significantly associated with lower breast
cancer risk, particularly at levels above 20 ng/ml [111].
Most evidence concerning the link between vitamin D
and cancer is derived fromlaboratory studies and obser-
vational investigations of 25(OH) vitamin D levels in
association with cancer incidence and outcome. There
are, however, several possible confounding factors and
association cannot prove causation. Moreover, results
from prospective studies only are more heterogeneous
and do not support a significant association between vi-
tamin D status and breast cancer [112].
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MOKa3aHo, 10 Mpu3HaYeHHs BitaMiHy D y 103i 2000 MO/neHb 1ipo-
TSITOM TIEPLIOTO POKY KUTTS Beie IO 3HUKEHHSI PUMKY PO3BUTKY
LIYKPOBOTO AiabeTy 1-ro Tumy Ha 78 % (criocTepeskeHHST TPUBAJIO 10
KiHI1s 1997 poKy) MOpiBHSHO 3 TPYTIOI0, SIKa He OTpUMYyBaJIa Tpera-
paTu Bitaminy D abo nmpuitmaia 6ibiil HU3bKi 1031 [99]. MetaaHani3
YOTHUPBOX PETPOCTIEKTUBHUX JOCTIKEHb «BUMATOK — KOHTPOJIb» i
OITHOTO KOTOPTHOTO CITOCTEPEXKEHHSI MiITBEPIKYIOTh €PEKTUBHICTD
BiTaminy D y mpodinakruiii irykpoBoro giadety 1-ro turry [100]. On-
Hak OUTBII Mi3Hi JOCIIIKEHHS 3 BABYEHHS €(DEKTUBHOCTI JOIATKO-
BOTO Mpu3HavYeHHs BitamiHy D manu HeratuBHM pesyibTar [101].
[JaHi mokasyloTb, 1110 JiKyBaHHSI BiTaMiHOM D Moxke 3HWXKyBaTu
PHY3UK PO3BUTKY PO3CISTHOTO CKJIepOo3y a00 3MEHIIyBaTH aKTUBHICTh
3aroctpeHs [ 102]. Xoua icHyr0Th CynepeuInBi pe3yJIbTaTH 1010 I1e-
peBary 101aTKOBOTO MpU3HaYeHHs BitaMiHy D mipu peBMaToimrHOMy
apTPUTi Ta CUCTEMHOMY Y€pPBOHOMY BOBYAKY, TTPOTE MTOBIIOMJISIETh-
s TIPO 3B’S130K MixK HM3BKUM piBHeM 25(OH)D y cupoBaTii KpoBi
Ta aKTUBHICTIO 000X 3axBoproBaHb [103, 104]. Kpim Toro, y mociti-
mkeHHi the lowa Women’s Health Study BctaHOBII€HO HeraTMBHMIA
3B’S130K MiK BUCOKUM piBHEM CHOXMBaHHS BiTamiHy D y dakTuu-
HOMY XapyyBaHHi Ta PU3UMKOM PO3BUTKY PEBMATOITHOIO apTPUTY
[105]. ITpoTte Ha ChOTOMHI BiICYTHI BEMKi KOTOPTHI TOCIiIKEHHS,
SIKi O TATBEPIKYBaI MO3UTUBHY Ait0 BiTaMiHy D 111 onTMMaIbHO1
(yHkuii imyHHoi cuctemu. Llle HepoCTaTHBO IMPOKOMACIITAOHUX
KJTHIYHMX TOCTIKEeHb cepell TIoJIeH, sIKi O iATBepAWIIA pe3yIbTaTh
JMOKJTIHIYHUX Y1 OMTHOMOMEHTHUX CIIOCTepesKeHb [96].

Biramin D Ta pak: nikyBaHHA i npoginakTuka

Y GaraTbox eKCrepMMEHTATbHUX POOOTaX MOKa3aHO, 10 KaJlb-
LIUTPIOJ CTUMYJTIOE arlonTo3, AvdepeHiiiallilo Ta MPUrHivye aHTio-
reHes i npojidepartiiro myxaMHHUX K1ituH [106]. YucneHnHi gocti-
ICKEHHS IMATBEPIKYIOTh, 10 piBeHb 25(OH)D y cupoBatmi KpoBi
Ma€ HeTaTMBHUI 3B’$130K i3 pU3MKOM 0OaratboxX BHUIIB paky. Kpim
TOTO, y JeSIKMX MOCTiIKEHHSIX, MPOBEACHNUX CEPel XBOPUX Ha pak,
cIiocTepiraBcs 3B’130K Mixk HU3bKMM piBHeM 25(OH)D y cupo-
BaTLi KPOBi Ta HETaTUBHMM IIPOrHO30M 3axBoptoBaHHs [107, 108].
MeraaHani3 HasiBHMX AOCTIIKEHb MOKa3aB, 10 iCHYE TEHICHLIs
JIO 3HVMDKEHHSI 3aXBOPIOBAHOCTI HAa KapLIMHOMY Ta aJicHOMY TOBCTO-
ro KMIlIeYHUKa B mallieHTiB i3 piBHeM 25(OH)D nonan 20 Hr/mi y
nmo3o3atexkHiit popMi [109]. It paKy MOJIOYHOI 3871031 CYKYITHUI
aHaJli3 JIBOX JOCTiMKeHb 3a yyacTio 880 mauieHToK i3 pakom i 880
0Ci0 rpyny KOHTPOJIIO ITOKa3aB, IO KiHKW 3 HaJIEKHUM DPiBHEM
25(0OH)D y cuposatii KpoBi Manu Ha 50 % HUKUMIT pU3UK PO3BU-
TKY paKy MOJIOYHOI 3aJ1034, HiX Ti, y Koro piBeHb 25(OH)D y cupo-
BarLi KpoBi 0yB Hykumii 3a 13 Hr/mi [110]. Kpim Toro, Benuke go-
CJTiJKEHHSI «BUIMAI0K — KOHTPOJIb», TIpoBeieHe cepel 1394 xKiHoK y
MOCTMEHOIAay3aJIbHOMY Iepiofli, XBOPUX Ha paK MOJOYHOI 3aJI03HU i
1365 ocib rpyru KOHTPOJTIO, TAKOX ITOKa3aio, o piseHb 25(OH)Dy
CHPOBATIIi KPOBi Ma€ BipOTiTHUIA 3B S130K i3 HU3bKHMM PU3UKOM paKy
MOJIOUHOI 3a1031, ocobmBo nipu piBHI 25(OH)D nonan 20 Hr/mi
[111]. BinbiricTs m0Ka3iB, IO CTOCYIOThCSI 3B’SI3KY MiX piBHEM
25(OH)D y cupoBaTii KpoBi Ta pakoM i MOro ycKIamHEHHSIMU
OTPUMAHO 3 eKCIEPUMEHTATbHUX TOCIIKEHb Ta OMHOMOMEHTHHUX
eIiIeMiOJIOTIYHUX CcIlocTepexkeHb. [IpoTe € mexinbKa BasKIMBUX
YMHHUKIB, 110 HE TO3BOJISIIOTh BCTAHOBUTH MPUYMHHO-HACTIIKO-
B 3B’5130K. Bisbliie TOro, pe3yabTaTi MPOCIEeKTUBHUX AOCIiTKEHb
€ TeTepOreHHUMMU I He MiATBEPIXKYIOTh BipOTiMHOIO 3B’I3KY MixX
craTycoM BitaMiHy D i pakoM MoiouHoi 3ay1o3u [112].

Ha croromHi BincyTHi KITiHiUHI TOCTIIKEHHS, Y IKUX 3aXBOPIO-
BaHICTb Ha pak ab0 CMEPTHICTh Oy O TIEPBUHHUMU TOUYKaMU CTIO-
CTEePEKeHHS [UTS TTiATBePIKEHHS IPUIMHHO-HACTIAKOBOTO 3B’SI3KY
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There have been no clinical trials with cancer in-
cidence or mortality as a primary outcome to support
causality between vitamin D status and cancer. One
population-based randomised clinical trial found that
calcium plus vitamin D supplementation decreased
cancer incidence as a secondary outcome. In that study
including 1,179 healthy postmenopausal women aged
>55 years, the mean level of 25(OH) vitamin D at
baseline was 29 ng/ml. Supplementation with 1,100 U
vitamin D/day increased serum 25(OH) vitamin D to
38 ng/ml. After 4 years of treatment, the supplemented
group had a 60 % lower risk of developing cancer than
the placebo group [113]. However, a recent reanalysis
has indicated that this inverse association between vi-
tamin D levels and cancer incidence disappeared after
adjustment for BMI and physical activity [9, 112]. In
another randomised trial, the Women’s Health Initia-
tive, no effect of calcium and 400 IU vitamin D/day
was found on the incidence of colorectal or breast can-
cer, which were secondary outcomes [114]. However,
the dose of 400 IU used in that trial may have been
inadequate to raise 25(OH) vitamin D blood levels
significantly, particularly after factoring in adherence
levels. A recent review of randomised vitamin D sup-
plementation trials with cancer incidence as a second-
ary endpoint concluded that the results were null [112].
Moreover, the recent large-scale «Cohort Consortium
Vitamin D Pooling Project of Rarer Cancers» showed
no evidence linking higher serum 25(OH) vitamin D
levels to reduced risks of less common cancers, includ-
ing endometrial, gastric, kidney, pancreatic and ovar-
ian cancers [115]. In summary, the available evidence
that vitamin D reduces cancer incidence is inconsistent
and inconclusive. Randomised controlled trials assess-
ing vitamin D supplementation for cancer prevention
are in progress. Their results are to be awaited before
promoting vitamin D supplementation to reduce can-
cer risk.

As a general conclusion, the importance of vitamin
D for bone health and the prevention of osteomalacia
and osteoporosis are well recognized. More recently,
vitamin D deficiency has been associated with other
chronic conditions, including cardiovascular discase,
autoimmune diseases and cancer. However, most evi-
dence for the importance of vitamin D in these condi-
tions comes from laboratory studies and observational
investigations. Randomised controlled trials are needed
to determine whether long-term supplementation with
vitamin D has a favourable impact on the development
or clinical course of non-skeletal diseases [116].

Bisphosphonates

BPs are the mainstay in the treatment of osteopo-
rosis and other metabolic bone diseases such as Paget’s
disease, as well as in tumoural conditions such as multi-
ple myeloma, bone metastases and cancer-induced hy-
percalcaemia. Their efficacy and safety have been thor-
oughly established on the basis of multiple large pivotal
trials dealing with their main indications. Their daily
use in clinical medicine since 1969 has confirmed the

16 Binb. Cyrno6u. Xpe6eT, ISSN 2224-1507

Mix cratycoM BitamiHy D i po3Butkom paky. OmHe momyJsiiiiiHe
pPaHAOMi30BaHe KIIiHIYHE JOCIIIKEHHS MOKAa3alo, 110 J0JaTKOBE
MpU3HAYEeHHS TpernapaTiB Kajlbllilo Ta BiTaMiHy D 3HIMKY€E 4acTOTy
paxy, ajie 11i pe3yJbTaTi Oy BTOPMHHUM 3aBIaHHSIM JTaHOTO CTIO-
CTepeXeHHs. 3a3HauyeHe OOCHiKeHHs BKiIouano 1179 3gopoBux
KIHOK Y TIOCTMEHOIay3albHOMY Tepiofi BiKOM TOHaa 55 POKiB,
cepenniit piBerb 25(0OH)D Ha moyaTKy criocTepeXXeHHsI CTAHOBUB
29 ur/mn. [MpusHayenHs Bitaminy D y no3i 1100 MO/neHb cripu-
su10 migBuieHHo piBHs 25(OH)D y cuposaTtiii KpoBi 10 38 HI/MIL.
ITicna 4 pokiB JiKyBaHHsS OCHOBHA Ipyra Maia Ha 60 % HIK4YMii
PUY3UK PO3BUTKY paKy MOpPiBHSHO 3 rpymnoto ruiate6o [113]. TTpore
HeJlaBHili TTOBTOPHUI aHaJIi3 MOKA3HMWKIB BUSIBUB, 1110 3a3HAUYCHMIA
HeraTUBHUI 3B’130K MiX piBHeM BiTamiHy D i yacToTolo paky 3HUK
Micyist BpaxyBaHHS MOKA3HMKIB iHIEKCY Macu Tijia Ta (i3nyHoi ak-
tuBHOCTI [9, 112]. B iHIIOMY paHmomizoBaHOMY AOCTiKEeHHI (the
Women’s Health Initiative) )omgHOTO BITIMBY MperiapartiB KaJbllito
ta BitamiHy D y no3i 400 MO/neHb Ha 4acTOTY paKy TOBCTOI KHIII-
KM Ta MOJIOYHOI 341031 He OyJI0 3HaiIeHO (BUBYEHHSI BILUIMBY IIpe-
mapartiB Ha 3a3Ha4eHe 3aXBOPIOBAHHSI OyJI0 BTOPUHHMM 3aBIaHHSIM
naHoro pocimkeHHs ) [114]. ITpote go3a Bitaminy D 400 MO/neHb,
1110 BUKOPUCTaHA B 3a3HAY€HOMY JOCIIKEHH1, MOXJIMBO, OyJ1a He-
JIoCTaTHLOIO [UIs TinBuiieHHs piBHs 25(OH)D y cuposartiii KpoBi.
HewmonasHiit orisia paHAOMi30BaHUX KJIIHIYHUX AOCJIiIKEHb 1100
edexTuBHOCTI Teparii BitTamiHOM D, ne BTOPMHHUM 3aBIaHHSIM
OyJI0O BUBYMTM YacCTOTYy paKy, BUSIBUB HYJbOBi pesysibratu [112].
binpme Toro, ocrtaHHiM yacoM macmTabHe mociimkeHHs Cohort
Consortium Vitamin D Pooling Project of Rarer Cancers He BUsB1iIo
JKOIHOTO 3B’s13Ky MiX migBuieHuM piBHeM 25(OH)D y cuposariii
KPOBI Ta 3HMKEHHSM PU3MKY MEHIII OLIMPEHUX BUJIIB paKy, BKIIIO-
yalouu pak eHJAOMETPilo, IIUTyHKa, HUPOK, MiIILIYHKOBOI 3371031 Ta
sieyHMKiB [115]. TakumM 4yMHOM, HasIBHI IaHi 111040 poJii BiTamiHy D
y 3MEHIIICHHI 3aXBOPIOBAHOCTI Ha paK € CyrnepedIMBUMM i Herepe-
KOHJIMBMMM. Ha choromHi 1mie TprBaroTh paHI0Mi30BaHi KOHTPOJIBO-
BaHi KJIHIYHI TOCIIKEHHS 3 BUBUEHHS BIUIMBY Tepartii BiraMiHOM
D 3 Metoto nipodiniakTrku paky. Tomy repii Hixk BIpOBaIXKyBaTh
npenapaty BitamiHy D mjis1 3HVDKeHHST pU3MKY 3aXBOPIOBAHOCTI Ha
pak, OYiKYIOTb iXHiX pe3y/IbTaTiB.

3arajibHUil BUCHOBOK. JloBelIeHO BaXKIMBY poJib BiTamiHy D
IIJIS1 3I0POB’sl KiCTOK Ta MpOodiIaKTUKKA OCTeOMAJIsLi i ocTeomno-
po3y. 30BCiM HELIOJABHO BCTAHOBJEHO 3B’SI30K MiX AedilrTom
BiTaMiHy D Ta po3BUTKOM XpOHIYHUX 3aXBOPIOBAHb, Y TOMY YMCJIi
CeplEeBO-CYIMHHMX, aBTOIMYHHUX Ta paKy. [1poTe GilblIicTh JOKa-
3iB BaXJIMBOCTI BiTaMiHy D y po3BUTKY 3a3HaYeHUX MATOJIOTiYHUX
CTaHiB OTPMMAHO 3 €KCIIEPUMEHTAIIbHUX Ta OTJISIIOBUX TOCIIIIKEHb.
PanpgomizoBaHi KOHTPOJIbOBaHI BUIIPOOYBaHHS HEOOXiIHI, 1100 BU-
3HAYNTH, Y1 MOXKE TpUBaJIa Tepallis IIperapataMu Bitaminy D matu
CIIPUSITIMBUM BIUIMB Ha PO3BUTOK Ta KIIiHIYHUI mepeOdir mo3acke-
JIETHHX 3aXBOPIOBaHb [116].

bicpocponaTn

bicdochoHat Ha CbOrofHi € OCHOBHUMU MperapaTamMu B Jii-
KyBaHHi OCTEOITOPO3y Ta iHIIMX METaOOJIYHUX 3aXBOPIOBAHb KiC-
TOK, 30KpeMa xBopobu [lemkera, a TaKoX OHKOJIOTIYHMX CTaHiB,
TaKuX sIK Mi€JIOMHa XBOpo0a, MeTacTa3u B KiCTKM CKeJieTa, paK-
{HIyKOBaHOI TiMepKasblieMil. [xHi edeKTHBHICTD i Gesnexa Gyam
peTeIbHO MOCIIMKEHI IIPOTIrOM OEKiIBKOX BEIUKMX ITLIOTHUX
JIOCJIIKEHb, TIOB’SI3aHMX i3 iXHIMM OCHOBHMMM ITOKAa3aHHSIMU.
IloneHHe BukopucTaHHs OichochoHATIB y KIiHIYHIN MpaKTULIi 3
1969 poky MinTBepawIo 3arajibHi BUCHOBKM KJIIHIYHUX BUIIPOOY-
BaHb. IX BUpaXxeHa TPOMHICTb 10 CKEJETa YaCTKOBO MOSICHIOE XO-

N2 2(10), 2013



HoBiTHi focAarHeHHsa / Latest Developments

general conclusions of the trials. Their strong affinity
for the skeleton partially explains their excellent safety
profile for other systems of the body. Even at high phar-
macologic doses, their bone affinity grossly precludes
tissue uptake outside the skeleton. First of all, intestinal
absorption after oral administration is weak, on the or-
der of less than 1 %, even under ideal conditions (after a
prolonged fast, with a full glass of water, and remaining
fasting for at least 30 min in an upright position before
any other food or beverage intake), leading to very low
peak values in the plasma. After intravenous adminis-
tration, however, if the plasma peak levels are higher,
these levels are transient and short-lived. Similarly to
what is observed after oral administration, serum levels
rapidly decrease due to their rapid adsorption on the
surface of bone (& 50 %). The rest is cleared by both
glomerular filtration and proximal tubular secretion
(£ the remaining 50 %) [117]. The retention time in the
skeleton is extremely long and depends on the individ-
ual bone affinity of the various BPs. Part of the released
BPs from the skeleton can be re-uptaken, and part is
eliminated in the urine. Even if their terminal half-life
is long, plasma levels remain very low. However, small
amounts have been detected in body fluids up to 8 years
after stopping the drug [118, 119]. This justified some
warning regarding the use of BPs in premenopausal
women of child bearing age. Even if there has been no
demonstrated adverse foetal events in humans, large
controlled studies are lacking to confirm their wide-
spread safe use [120]. Some caution to restrict the use
BPs to severe condition is still justified.

Bisphosphonate and acute phase
reaction

After the first intravenous administration of a ni-
trogencontaining bisphosphonate (n-BP) (e.g. diso-
dium pamidronate, zoledronic acid, ibandronate),
about 25 % of patients experienced flu-like symptoms,
consisting of transient and self-limited fever, myalgias
and/or arthralgias for 2 to 3 days. Acute phase reac-
tion (APR) has been associated with the release of
serum inflammatory cytokines such as tumour necro-
sis factor (TNFa) and IL-6, but not IL-1 [121]. The
origin of these pro-inflammatory agents was homed on
monocytes and/or macrophages [122] but also in hu-
man peripheral blood yd T cells, which could consti-
tute the trigger for activation of the former cells [123].
The APRs were absent or at least strongly attenuated
with subsequent infusions with n-BPs. The APR has
also been observed after high-dose oral monthly iban-
dronate [124]. The postinfusion syndrome can be re-
duced by acetaminophen [125]. It has been suggested
that the co-administration of statins could prevent this
reaction [123, 126], but this preventative effect does
not seem to be systematic [127]. On the contrary, con-
comitant glucocorticoid (GC) therapy did not alle-
viate it [128]. Depletion in 25(OH)D could constitute
a factor favouring the occurrence of APR after n-BPs
infusion in n-BP-naive patients, but this remains to be
confirmed [129].
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poruit podisib 6e3MeKu IS iHIIMX CUCTEM OpraHizmy. ¥ 3B’43Ky
3 BUCOKOIO CITOpiTHEeHicTIo OicpocoHaTIB 10 KiCTKOBOI TKAHUHU
MpU3HAYCHHSI BUCOKUX (DApMAaKOJIOTIYHUX 103 TIperapaTiB BUKITIO-
yae IXHE BiIKJIagaHHs B iHIIMX TKaHWHaX. Hacamrmepen Kuiikosa
abcopOIList TpU TIepopaIbHOMY BBelieHHi € ctabkoro (Hkue 1 %),
HaBITh 3a iJleaTbHUX YMOB 3aCTOCYBaHHsI Iperapary (IpuiiomM Ta-
0JIETKM HATIIIE, 3alTMBaHHSI il TOBHOO CKJITHKOIO BOJIN, YTPUMAaHHSI
Bim ki nmporsarom 30 xB Ta mepeOyBaHHS Y BepTUKAILHOMY I10JIO-
JKeHHi TOIIO) MPU3BOAUTH A0 Ay*Ke HU3bKOI MTIKOBOI KOHIIEHTpaLIii
npenapaty B 11a3Mi KpoBi. [1iciss BHYTPillTHbOBEHHOTO BBEIESHHS
JIIKapCchKOro 3acoly, Mpu SIKOMY MiKoBa KOHLIEHTpallisl € HallBU-
111010, MIOr0 KOHIIEHTpallisi B CUPOBATIIi KPOBi € THMYacOBOKO Ta
mBUIKOIIMHHOW. [logidHO 10 TOro, IO CIIOCTEpira€ThCsl Mpu
nepopaTbHOMY BBEJCHHI, KOHIIEHTpALlisl TTpernapary IBHUIKO 3HU-
KYETBCSI 3a paXyHOK IIBMIKOI abCopOIlii mpemapaTy KiCTKOBOIO
TKaHuHOMO (+ 50 %) Ta BUBeNEeHHS 3a paXyHOK KITyOOUKOBOI (DiTb-
Tpallii Ta MPOKCUMAJIbHOI KaHAJIbLEBOI cekpelii (3anuinok + 50 %)
[117]. I1pemapatu TpUBajIO AETIOHYIOTHCS Yy CKEJIETi, 10 3aJIeKUTh
BiIl iHAMBiAyaIbHOI CLIOPiAHEHOCTI KicTKu 10 OicpochonaTin. Yac-
TUHA BUAUIEHUX OicocdoHaTiB 3i ckeaeTa MOXe IOBTOPHO Bil-
KJIaCTHUCS B KICTKOBY TKAHMHY, @ YaCTMHA — BUIUIATUCH 3 CEYEIO.
HagiTb gK1110 iX epioq HamiBBUBEACHHS € JOBTMM, PIBEHb Y TJ1a3Mi
3aJIMILIAETHCS Iyke HU3bKUM. [IpoTe HeBenrKa KiJIbKicTb MOXKE BH-
SIBJISITUCSI B OPTaHi3Mi JIIOAWHU 111€ TIPOTSATOM 8 POKIB MicC/IsI TTPUTIN-
HeHHs ipuitomy nipeniapary [ 118, 119]. Lle mosicHioe nesiki 3acrepe-
JKEeHHS 11010 BUKOPUCTAaHHs 0icoc(OoHATIB y XKiHOK IiTOPOTHOTO
BiKy. X0U HE 3apeeECTPOBAHO >KOIHUX HECTPUSTIUBUX SIBUILL IS
TUT0/1a JIIOJIMHU, TIPOTE HE BUCTAYa€ BEJMKHUX KOHTPOJIBbOBAHUX J0-
CJIiIKeHb, 11100 MiATBepAUTHU iX Oe3IMeUHe INPOKE BUKOPUCTAHHS
[120]. desiki 0OMexKeHHSI 111010 BUKOPUCTaHHsI 6icochoHaTiB rpu
TSDKKMX CTaHAX € BUTIPaBIAHUMU.

bicpocPponaTu i rocTpa pasa peakuii
Ha BBefleHHA

[Ticns mepiiioro BHyTPillIHLOBEHHOTO BBEACHHSI a30TOBMiCHUX
6ichocdonari (n-bdP) (Harpukiam, MamMiTpoHOBa, 30J1eIPOHOBA
4K i0aHIPOHOBA KMCJI0TA) OJIM3bKO 25 % TallieHTiB MalOTh TPUIIO-
MoAiOHI CUMITOMM, 110 CYIPOBOIXKYIOTHCS TPAH3UTOPHOIO JINXO-
MaHKOI0, MiajrisMu Ta/abo apTpairismMu, 110 TPUBAIOTh Bia 2 10
3 nHiB. ['ocTpa (hasza peaxiiii Ha BBeIeHHSI Tperapary IMoB’si3aHa
3 BUJIUIEHHSIM Y CUPOBaTKy KpOBi 3aMajJibHUX HMTOKIHIB, TaKUX
K dakTop Hekposy myxiauHn (TNF-o) i 1L-6, ame ve IL-1 [121].
TToxomkeHHs IMX TTpo3anaJbHUX PEUOBUH OB’ A3YIOTh i3 MOHO-
uuramu i/adbo makpodaramu [122], a Takox i3 Y0 T-KaiTHHAMU Yy
nepudepudHii KpoBi JIOAUHU, SIKi MOXKYTh CTaTU TPUTEPOM ISt
aKTUBALil KIITUH-TIONepeIHUKIB [123]. 3 momaablIuM BBEACHHSIM
n-b® peakilisi Ha BBeJEHHSI CTa€ CIAOKIIIIO Ta MOXe MOBHICTIO
3HUKHYTU. Takox roctpa dasa peakilii Ha BBeneHHs bicdocdo-
HAaTiB CIOCTEPIraeTbcsl Mic/s BXUMBAHHS BUCOKMX J103 OpabHUX
dopM mpemapary, 30KpeMa IIOMiCSTYHOTO MpUiioMy idaHapoHATY
[124]. IMpuszHaueHHs aueTaMiHOGEHY MOXE 3MEHIIUTU TPOSIBU
nocTiHdy3iitHoro cuHapoMmy [125]. bymo BucnoBieHO mpuIy-
IIEHHS, 110 OMHOYACHE MPU3HAYEHHST CTATUHIB MOXKe 3amo0irTn
PO3BUTKY 3a3HadeHoi peakiii [123, 126], are 1ie He crcTeMaTH-
30BaHO JaHi 11010 IXHbOTo mpodinakTuyHoro edekty [127]. Ha-
BMAKM, CYMyTHSI Teparisi ITI0KOKOPTUKOITaMU He MOJIeTHIYE oro
[128]. Tskkuii nediunt 25(OH)D MoxkHa po3misiaaTv SK YMHHUK
Ha KOPUCTH MOSIBU TOCTpoi (ha3u peakilii Ha BBeaeHHs n-bd y na-
LI€HTIB, SIKi I1Ie HEe OTpUMYyBau OichochoHaTu, ae 1ie 111e Halle-
KUTh miaTBepautH [129].
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Bisphosphonate
and musculoskeletal pain

Some cases of prolonged musculoskeletal pain have
been reported [130] in up to 20 to 25 % of patients on
alendronate and risedronate, as well as zoledronic acid
[128, 131]. The majority of patients experienced gradu-
al relief of pain after discontinuation of the drug. A few
patients redeveloped pain following re-challenge of the
drug. No plausible explanation has been proposed for
their occurrence, and the association between BPs and
musculoskeletal pain has therefore been questioned
[132].

Bisphosphonate
and the risk of renal failure

In line with the renal elimination of BPs, it is not
recommended to prescribe BPs to patients with a cre-
atinine clearance less than 30 ml/min, and this is speci-
fied in the Summary of Products Characteristics of BP
who were granted an European Marketing Authorisa-
tion. In all pivotal studies of BPs, chronic kidney dis-
eases (CKD) constituted an exclusion criterion, based
on the calculated estimated glomerular filtration rate
using the formula of Miller et al. [133]. In these large
studies, however, several patients with CKD, but with-
out other calcium metabolism abnormalities, notably
in serum calcium, phosphate, alkaline phosphatase,
vitamin D and PTH were included. Some exceptions
to this 30 ml/min rule could therefore be theoretically
possible [133—135]. Even if clinical trials and clear
recommendations in the population with CKD are
lacking, many clinicians suggested to halve the dose
or reduce the frequency of administration of BPs in
CKD [135]. Potential indications of BPs in CKD are
the prevention of bone loss in kidney after transplanta-
tion. However, in these cases, no antifracture efficacy
has so far been demonstrated with BP use [136—138].
Moreover, some patients treated with IV pamidronate
developed low-bone turnover adynamic bone [137].
Calciphylaxis is a rare complication of CKD. Case re-
ports have suggested the potential usefulness of BPs in
its treatment [139, 140]. Proteinuria and proximal tu-
bular necrosis has been described in mice and rats after
parenteral doses of pamidronate sodium and clodro-
nate five to 20 times higher than clinical doses used in
humans [141]. However, acute renal toxicity was also
reported in humans after rapid infusion of high doses
of non-n-BPs [142]. Renal function deterioration, de-
fined by elevations in the serum creatinine level, was
observed in up to 15 % of the patients receiving 4 mg
of zoledronic acid over 15 min in trials of treatment for
bone metastases (compared with 6.7 % to 11.5 % in pa-
tients on placebo) [143]. In the doses registered for the
treatment of postmenopausal osteoporosis, oral BPs
did not adversely affect the renal function. With intra-
venous zoledronic acid infusions, with infusion times
of 15 min, short-term increases in serum creatinine
have been observed for 9 to 11 days in a small subset of
patients [144]. It seems therefore justified that patients
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bicpocponaTn Ta 6inb y ckeneTHnx m’asax

Bunanku tpuBasioro 00yt0 B CKEJIETHUX M’si3aX OyJu 3apee-
ctpoBani [130] y 20—25 % mauieHTiB, sIKi mpuiiMaiy aleHIPOHO-
BY, PU3EIPOHOBY 4M 30JieIpOHOBY Kucoty [128, 131]. Binbiicts
MAIiEHTIB CIOCTEPirajiv TMOCTYIIOBE 3MEHIILIEHHST OO0 TTiC/sT MpH-
NUHEHHS mpuiioMy IiperapaTy. JleKibka Malli€HTiB peecTpyBaIn
BiIHOBIIEHHST OOJIIO ITiC/IST 3aMiHM TpernapatiB. Hemae diTkoro 1mo-
SICHEHHSI IPUYMHU BUHUKHEHHS Ta 3B’513Ky Mixk B i rosiBoio 60J110
B CKeJIeTHUX M’s13ax. ToMy naHe muTaHHs 111e € BinkputuM [132].

bicpocpoHaTn Ta pU3NK HUPKOBOI HEJOCTATHOCTI

BinnoBinHo 10 Toro, 1o 6iccocdoHaT BUBOISTHLCS HUPKAMU,
1X He PeKOMEHIYIOTb MPU3HAYaTH B TMALIIEHTIB i3 KJIIpEHCOM KpeaTh-
HiHy HK4e 30 MJI/XB, 110 3a3HAUYEHO B KOPOTKIiil XapaKTepUCTUIL
bicdocdonarib, sika mogana 1o European Marketing Authorisation
(€Bporneiicbkoro ToBaprucTBa 3 MApPKETUHTY). Y BCiX OCHOBHUX JI0-
ciimkeHHsx OichocdoHaTiB XpOHIUHI 3aXBOPIOBAaHHS HUPOK Oy
KPUTEPIEM BUKIIOUCHHS, BM3HAYCHHS IIBUOKOCTI KIyOOYKOBOI
dinprpanii mpoBoaun 3a ¢popmynoro Miller i criBaBr. [133]. IIpo-
T€ B LIMX BEJIMKUX TOCTIIKEHHSIX IeKiJIbKa Malli€HTIB i3 XpOHIYHUMU
3aXBOPIOBAaHHSIMM HMPOK, ajie 0e3 iHIIMX MOpylLIeHb METa0oIi3My
KaJbllilo, 0COOJIMBO CUPOBATKOBOIO Kajbllito, (ochopy, JIy>KHOI
(ocdarazu, Bitaminy D i mapaTropmMoHy Bce K Oy BKIIIOUeHi. 3a-
OopoHa BBeleHHs OicchocoHaTiB TIpKM  KITYOOUKOBIil  (hibTpartii
Hkde 30 mu1/XB po3paxoBaHa TeopeTuHO [133—135]. Hagitb sikiiio
He BHCTAYa€ KJIiHIYHUX JOCTIIKEHb | HEMa€ YiTKUX peKOMEHAALIii y
TIOTTYJISIIIT 3 XPOHIYHUMU 3aXBOPIOBAHHSMM HUPOK, Oarato JiikapiB
TPOTIOHYIOTb 3HVXKYBATH J03Y 200 3MEHILIUTH YaCTOTY BBEJICHHSI Oic-
dochonaris [135]. [NokazanHsaMu 10 npu3HauYeHHs OGichocdoHaTiB
MIpU XPOHIUHMX 3aXBOPIOBAHHSIX HUPOK € 3aro0iraHHsI BTpaTi KicT-
KOBOI MacH B MALi€HTIB MiCJIs TpaHCIUIaHTallii HUpoK. I1poTte B 1ux
XBOPHX HE TOBEIEHO 3HWKEHHS pU3HKY repesomis [136—138]. Kpim
TOTO, y AESIKUX TALIEHTIB i3 BHYTPILIHBOBEHHUM 3aCTOCYBaHHAM
NaMiJpOHOBOI KMCJOTU PO3BUBABCSI CUHIPOM aAWHAMIYHOI KiCTKU
[137]. Kanbiudinakcist € piikicHUM yCKJIaIHEHHSIM XpOHIYHUX 3a-
XBOPIOBaHb HUPOK. OIMy0/1iKoBaHi KIIiHIYHI BUTIAIKW 3aCTOCYBAaHHSI
bicdocoHaTiB BKa3ylOTb Ha TOTEHIIiIIHYy KOPHUCTh 3aCTOCYBaH-
Hs1 Oicdocdonati y sikyBaHHi [139, 140]. Po3BuTok npoteiHypii
Ta HEKPO3y MPOKCUMAJIbHUX KaHAJIBIIIB OMWCAHO JIUIIEe B MUILIEH i
LIypiB MpY MapeHTepaJbHOMY 3aCTOCYBaHHI IaMiApOHATy HATpiio
Ta KJIOAPOHATY B 1031, BUlLliii y 5—20 pasiB MOPiBHSIHO 3 103010, sIKa
Mpy3Havanacs B KJIHIYHKUX JOCTIIKEHHSIX B itoauHu [141]. Tum He
MEHIIIe rocTpa HUPKOBA TOKCUYHICTh OyJia Bil3HAYeHa B JIIOIEH ITic-
JI TIBUIIKOI iH(Y3ii BUCOKMX /103 HEa30TOBMICHUX OicchocchoHaTiB
(re-n-b®d) [142]. ToripmeHHs GhYHKIII HUPOK, MiarHOCTOBaHe Ha
MifcTaBi TOCTIMKEHHS PiBHS KpEeaTUHIHY B CUPOBATIIi KPOBIi, CIO-
ctepiranocs B 15 % marttieHTiB, sIKi OTpUMyBad 4 MT 30J1€IPOHOBOI
KUCJIOTU TIPOTATOM 15 XB y KIIHIYHMX BUIIPOOYBAaHHSIX i3 ITOCIi-
JOKEHHS 1i eDeKTUBHOCTI TIpH JIIKyBaHHi KiCTKOBHMX MeTacTasiB (6,7
npotu 11,5 % mopiBHsIHO 3 rpymnoro miate6o) [143]. TabiaeToBaHi
biccocoHaTn y mo3ax, 3apeeCcTpOBaHUX IS JTIKyBaHHS MOCTMeE-
HOIIay3aJIbHOTO OCTEOINOpO3y, He MaloTh HECIPUSITIIMBOTO BILIUBY
Ha (pyHKIIi10 HUpoK. [Tpy BHYTpIillIHLOBEHHI i1 iH(]Y3il 301€APOHOBOI
KHCJIOTH TIPOTSITOM 15 XB criocTepirajiocsi KOpOTKOCTPOKOBE ITiji-
BMILIEHHSI PiBHSI KpeaTUHiHY MpoTsiroM 9—11 aHiB y Matiit miarpyri
nauieHTiB [144]. ToMmy BumaeTbcsi OOIPYHTOBAHUM <«HABOITHEHHS»
MAIiEHTIB Ta YHUKHEeHHS IIPU3HAYEHHS iHIINX (DapMalleBTUYHMX 3a-
CO0iB i3 METOIO 3HMKEHHSI pU3MKY MOIIKOMKEHHS (DYHKIIiT HUPOK.
TaiieHTiB 3i IMBUIAKICTIO KITYOOUKOBOI (piibTpaltii MeHiie 30 Mi1/XB
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be well hydrated and avoid simultaneous therapeutic
agents at risk of impairing renal function. Patients with
a glomerular filtration rate less than 30 ml/min should
ideally be excluded, the precise diagnosis of bone loss
in such patients being uncertain. Other kinds of bone
disease than osteoporosis could be present [144]. As
there exists no head-to-head comparative trial, it is not
possible to determine whether intravenous n-BPs such
as pamidronate disodium or ibandronate would have a
different renal safety profile than zoledronic acid [144].

Bisphosphonate and ocular risk

Cases of iritis, episcleritis and scleritis, but also
conjunctivitis, have been reported after therapy with
n-BPs (mainly alendronate, pamidronate disodium
and zoledronic acid) inup to 1 % [145—147]. This does
not seem to constitute an exclusive complication for n-
BPs, but they were rarely reported with first-generation
BPs [148]. Eye inflammation can resolve after local
GC administration, but some patients can recur after
BP rechallenge. In severe cases of uveitis and scleritis, it
could be better to discontinue IV BP [149].

Bisphosphonate and the
gastrointestinal tract

Digestive problems are at the origin of most drug
withdrawals with oral n-BPs, mainly due to oesophageal
irritation and upper gastrointestinal side effects [150].
They are poorly absorbed by the gastrointestinal tract,
of the order of about 1 %. Moreover, their absorption is
further reduced if they are taken with food and beverage
such as coffee, milk, orange juice etc. Hence, the recom-
mendation is to take them in a fasting condition with a
glass of water and to remain fasting in an upright position
for at least 30 min after swallowing the drug until the first
meal of the day. These precautions help to prevent most
upper gastrointestinal side effects [151]. Moreover, the
availability of weekly and monthly BPs has further de-
creased the frequency of the upper gastrointestinal tract
symptoms [152—157]. It has been suggested that a lot of
adverse events in upper gastrointestinal tract might be
already present prior to start BPs therapy [158] and that
clinicians and patients may sometimes inappropriately
attribute gastrointestinal complaints to therapy [159]. Ir-
respective of whether gastrointestinal symptoms in indi-
vidual patients are linked with oral BPs or not, it should
be remembered that such a link has not been reported
with intravenous therapy.

A study based on the General Practice Research Da-
tabase containing anonymised patient records of about
six million people in UK suggested a doubling of the in-
cidence of oesophageal cancer with 5 years’ use of oral
BPs [160], but this was not confirmed in another analy-
sis of the same database [161]. No excess of gastric and
colorectal cancer was found. Moreover, in patients with
Barrett’s oesophagus on oral BPs, no increased risk of
oesophageal adenocarcinoma was observed [162]. Even
if no definitive conclusion can be drawn from these stud-
ies, upper gastrointestinal investigation is recommended
if a patient on BPs develops dysphagia and pain.
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B igeaJti cjin BUkmodatu. KpimM Toro, MoxXyTh TaKOX PEECTPYBATHCS
i iHIIIi 3aXBOPIOBAHHS KiCTKOBOI TKaHUHMU [ 144]. OcKiIbK1 He iCHY€E
MPSIMOTO TIOPIBHSUTBHOTO JOCTI/DKEHHSI, HE MOXHa CTBEpPIKYBaTH,
IO TIPU3HAYeHi BHYTPIilIHOBEHHO n-Bd, Taki SK maMiapoHaT au-
HaTpilo 4M i0aHIpPOHOBA KUCJOTa, OYIyTh MaTW iHIIWN HUPKOBUIA
npodiib OE3MEeYHOCTI, HiX 30JIelpOHOBA KUCIoTa [ 144].

bicdpocPponHaTn Ta pusmnk opranbmonoriuHnx
yCKNagHeHb

[Micast Tepanii n-b® (B oCHOBHOMY IpU 3aCTOCYBaHHi aJicH-
JIPOHOBOI, MaMiIPOHOBOI Ta 30JIEAPOHOBOI KMCIOTH) 3apeECTpOBa-
Ho MeHIe 1 % BMITAIKIiB ipUTy, EMICKIEPUTY il CKIICPUTY, a TAKOX
KOH'TOHKTUBITY [145—147]. BoHr BUIAIOThCS HE €KCKITFO3MBHUMU
YCKITATHEHHSIMU [Tt n-B®, mpoTe mpo HUX pilKo MOBIIOMIISTOCS
Mpu 3acTOCyBaHHi OicpocdoHaris riepiroro nokostiHHs [ 148]. 3ana-
JIEHHSI 04eil yCyBaJIoCh IpU NIPU3HAYEHHI TIIOKOKOPTUKOIIB, ajie y
NIESTKUX TIALliEHTIB BOHO 3HOB 3’SIBJISLIOCS MiC/Isl 3aCTOCYBaHHSI iHILIO-
ro Tmpenapary oichocoHaTiB. Y TSLKKMX BUMAOKaX YBEITY Ta CKIIe-
PUTY Kpallle BIIMIHUTU BHYTPIllIHbOBEHHI OicchochonaTu [149].

bicpocpoHaTn Ta ycknagHeHHA 3 60Ky
LWNYHKOBO-KNLLKOBOIO TPaKTy

[IpoGiemu 3 TpaBAEHHSIM € MPUUUHOIO MPUITMHEHHS ITPUIoMY
TabseroBaHuX ¢opM OicpochoHaTiB, B OCHOBHOMY 4epe3 Moapas-
HEHHSI CTpaBOXO/y Ta IMOOIUHY Ait0 3 OOKY BEpXHiX BiITiTiB ILTyH-
KOBO-KMIIKOBOro TpakTy [150]. BoHM moraHo BCMOKTYIOThCSI y
LIUTYHKOBO-KHUIIIKOBOMY TpaKTi, abCcopOyeThes Juiie 6Ju3bko 1 %.
Binbiie Toro, ix BCMOKTYBaHHSI 3MEHILYEThCS 1Ie Oiblie, SIKIIO
BOHM TTPUIAMAIOTHCS i/ Yac iXKi Ta 3 TaKUMU HATOSIMU, SIK KaBa, MO-
JIOKO, amleJIbCMHOBMIA CiK TOIO. 3 OIJISIMy Ha 1Ie PEKOMEH/IYIOTh iX
MpuitMaTH HaTIIeceplie, 3alMMBaTH CKIISTHKOIO BOIW M 3aJIMIIIATHCS
Yy BEPTUKAJIBHOMY MOJIOXEHHI mpuHaiiMHi 30 XBWIMH TIC/ISI KOB-
TaHHsS TabJeTKu a0 cHimaHKy. Lli 3axomu momomaraloTh 3amo0irTu
BUHUKHEHHIO OLIBIIOCTI IMOOIYHUX e(heKTiB i3 OOKY BEpXHiX Billi-
JIiB IITYHKOBO-KMIIIKOBOTO TpakTy [151]. KpiM Toro, mpusHayeHHs
npernapary OfvH pa3 Ha THKIEHb UM Ha MiCsI1Ib, 11I¢ OiTbIIEe 3HIKYE
YaCTOTY CUMITTOMIB i3 O0KY BEpXHiX BiTiJIiB TPABHOTO TPakTy [152—
157]. Bymno BUCIOBIEHO TIPUMYIIEHHS, 110 OaraTto po3JaiiB i3 60Ky
BEPXHIX BiUIiJIiB IITYHKOBO-KMIIIKOBOTO TPAKTY MOTJIU OYTH BXe /10
moyaTKy Teparii 6ichoconaramu [158], a ikapi Ta malieHTH iHOMII
HEIOPEYHO TPUITHUCYIOTh MUTYHKOBO-KMIIKOBI YCKJIAMIHEHHSI Tepa-
nii 6iccochonatamu [159]. HezanexxHo Bin Toro, now’si3aHi 1UTYH-
KOBO-KMIIIKOBI CAMIOTOMM B OKPEMUX MALli€HTIB 3 TPUAOMOM MepOo-
payibHUX GichocoHATIB UM Hi, CJTij MaM’SITaTu, 10 TAKOTO 3B’SI3KY
He MOBIIOMJISLIOCS MPU 3aCTOCYBaHHI BHYTPILTHLOBEHHOI Tepartii.

JlocaimKkeHHsI, 110 TPYHTYETLCSI HAa MAHUX 3arajibHOi 0a3u J10-
clipKeHb mpakThkKytounx JikapiB (General Practice Research
Database), 1110 MiCTUTb aHOHIMHI 3aITCH TALIIEHTIB, OJIM3HKO I1IeC-
TU MiJIbIOHIB XXuTeniB Benukoi bpuTanii, 3apeectpyBaiv y aBa pa3u
BUIII TTOKA3HUKU 3aXBOPIOBAHOCTI HAa paK CTPABOXOAY IIpU S-pid-
HOMY TIpW3HaYeHHi TabnetoBaHux Oicdocdonaris [160], ame e
He OyJI0 TATBEPIKEHO B iHIIIOMY aHaui3i Tiel 3k 0asu maHux [161].
3pOCTaHHS YaCTOTU paKy LILTyHKa Ta TOBCTOI KUIIKM He OYJIO Bil-
3HayeHo. KpiMm Toro, y maiieHTiB i3 cuHapoMoM bapperra, ski
npuiiMai nepopaibHi OiccochoHaTn, He croctepiranocst Mia-
BMILIEHHST PU3UKY PO3BUTKY afeHOKAPIIMHOMM cTpaBoxody [162].
[Ipote HaBiTh SKIIO 11Ie HE 3pOOJIEHO OCTATOYHOTO BUCHOBKY Ha
MiACTaBi LIUX TOCIIIKEHb, PEKOMEHAYETHCS TTPOBECTU TOCITIIKEHHS
BEPXHIX BiIIiIiB IITYHKOBO-KMIIIKOBOTO TPAaKTYy, SIKIIIO B MAlli€HTAa,
SIKW TIpuiiMae 0icpocdoHaT, po3BUBAETHCS Aucdaris Ta Oilb.
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Bisphosphonates
and cardiovascular risk

In the pivotal study of zoledronic acid versus
placebo in postmenopausal osteoporotic women,
atrial fibrillation reported as serious adverse events
(SAEs) was more frequent in the actively treated pa-
tients (1.3 % versus 0.5 %; p < 0.001). This was not
observed in the HORIZON recurrent fracture trial,
in which a similar frequency of ‘serious’ atrial fibril-
lation was observed both in actively treated and pla-
cebotreated patients (1.1 % versus 1.3 %) [163]. Post
hoc analyses of previous main trials on alendronate,
risedronate and ibandronate having involved about
30,000 patients did not show any clear-cut associa-
tion with atrial fibrillation [164—166]. It is possible
that a lot of BP-treated patients have increased risks
of cardiovascular events already before the start of
therapy [167, 168]. Also, any potential cardiovas-
cular risk should be weighted against the benefits
of BP therapy. These include the well-documented
antifracture efficacy, of course, but may also include
additional benefits like the mortality benefit after
hip fracture with zoledronic acid therapy, a 30 %
mortality reduction not simply attributable to anti-
fracture efficacy [163, 169].

Bisphosphonate and hypocalcaemia

BPs and in particular n-BPs are potent inhibitors of
osteoclastic bone resorption. They can therefore pro-
voke hypocalcaemia, hypocalciuria and PTH reaction
in some cases. Etidronate, however, did not induce any
fall in serum and urine calcium because it acutely im-
paired the accretion of calcium into bone, offsetting a
hypocalcaemic response [170]. Even with intravenous
potent n-BPs, symptomatic hypocalcaemia rarely oc-
curs in the treatment of osteoporosis under usual con-
ditions, i.e. with supplemental calcium and vitamin D,
lack of pre-existing hypoparathyroidism and/or renal
failure.

Miscellaneous

— Skin reactions like rash, pruritus and urticaria
have been rarely reported with BP use. Re-challenge
was positive in some cases [171]. Change of BP was not
always accompanied by resurgence of symptoms, sug-
gesting that BP-induced cutaneous reactions are prob-
ably not attributable to a class effect [171].

— Extremely rare case reports of damage to the oral
mucosa, apparently not related to osteonecrosis of the
jaw, have been reported with the incorrect administra-
tion of n-BPs. Discontinuation of the inappropriate use
allowed healing of the mucosa ulcers, even with main-
tained oral intake, but taken according to the prescrip-
tion instructions [172].

— A few reports of transient hepatitis after months
to years of alendronate and/or risedronate, with liver
biopsies compatible with a drug-induced toxicity, have
been described [173, 174]. Healing occurred soon or
later after stopping the drug.
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bicpocpoHaTu Ta po3BUTOK
cepLeBO-CyANHHUX YCKNaAHEHDb

B ocHoBHOMY T1a11600-KOHTPOILOBAHOMY TOCIIIIKEHHI 3 BU-
BUEHHS e(peKTUBHOCTI 30JIeIPOHOBOT KUCIOTH Cepell XKiHOK Yy TTOCT-
MEeHOTIay3aTbHOMY Tepiojii 3 0CTe0nopo30M (hiOpMIIsILIist Tiepeacepab
SIK 3apEECTPOBAHE Cepiio3He HebakaHe SBUIIE YacTillle PeecTpyBa-
J1acsl B IPYIIi, sIKa MpuitMasia akTuBHe JiikyBaHHs (1,3 nmpotu 0,5 %,
p <0,001). ¥ nocnimkenni HORIZON recurrent fracture nmomioHo-
IO CIiBBiTHOIIEHHSI HE BiI3HAYaJlOCS: Y HbOMY 4acToTa «Cepihos-
Hoi» (iOpmIsILii epeacepab Oyia OMHAKOBOIO SIK B OCHOBHIM, Tak
i B rpymi mane6o (1,1 mpotu 1,3 %) [163]. Post hoc aHai3 morepe-
JHHOTO OCHOBHOTO KJTIHIYHOTO JTOCTIIKEHHS 3 BUBYEHHS e(DEKTHB-
HOCTIi aJIeHAPOHOBOI, PU3EIPOHOBOI Ta i0AHIPOHOBOI KUCIOTH, 1110
Bkitouasio 6;1m3bko 30 000 marieHTiB, He MoKa3aB YiTKOTo 3B’SI3KY
ix mpuiiomy 3 ibpusiiiero nmepeacepnb [164—166]. Llimkom Mox-
JINBO, 1110 0araTo MAIliEHTIB, sSIKi MoYany mpuiMaru dichocdoHaTh,
MaJIH TiIBUIIEHUI PU3HK PO3BUTKY CEPLIEBO-CYTMHHMX YCKITaAHEHb
BXXe 10 Toyatky Tepariii [167, 168]. KpiM Toro, 6yap-sSKuii MoTeH-
LIAHWIN PU3KK PO3BUTKY CEPLIEBO-CYIMHHMX YCKIaAHEHb TTOBUHEH
po3IIsIaaTUCS Yepe3 Mpy3My Iepesar Teparii 6icochonaramu. o
OCTaHHIX 3apaxoBYIOTh 0OPE 3aI0KYMEHTOBAaHE 3HWXKEHHST YaCTOTH
MepesIoMiB i, 3BUYAIHO, iHIII MepeBaru, 30KpeMa 3HKEHHST CMEPT-
HOCTI TTicJIsI TIepesoMy IIMMKY CTerHa Ha TJIi Tepartii 30JIeIpOHOBOIO
KUCJIOTOIO, IIPUYOMY 3HIKEHHST cMepTHOCTI Ha 30 % 1oB’s13aHe He
TUTBKY 31 3HIDKEHHSIM YacTOTH TiepeioMiB [163, 169].

bicpocpoHaTn Ta rinokanbuiemin

Bichocdhonatu, ocobmiso n-bd, € moTyKHUMU iHriIGITOpaMU
KiCTKOBOI pe30p01lii ocTeoknactamu. ToMy BOHM MOXYTh BUKITMKATH
TIiMOKAaJIbIIIEMIIO, TIOKAJIBLIYPItO Ta B IESIKUX BUTIAIKAX 3MiHY PiBHSI
naparropMoHy. [1pote rpuiioM eTuapoHaTy He BUKIMKAE 3HUXKEHHS
PiBHSI KaJIbIIiIO Hi B CUPOBATLIi KPOBi, Hi B C€4i, OCKIIbKM BiH CIIPUSIE
IIBUIKOMY BiIKJIaJaHHIO KaJblIil0 B KiCTKOBY TKAHMHY, OMUHAIOYU
edexr rinokanbiiemii [170]. Ilpyu BHYTpillIHLOBEHHOMY BBEIEHHI
noTy>kH1X n-B® 11pu JIiKyBaHHI OCTEONOPO3Y B 3BUYAHUX YMOBAX,
TOOTO 3 TOJATKOBUM MPU3HAYEHHSIM TpernapaTiB KaJbllilo Ta BiTaMi-
Hy D, pinko crioctepira€Tbcsi CUMINTOMATUIHA TiTOKABIIEMIS, T
TpY HasIBHOCTI Tirorapatupeosy i/abo HUPKOBOi HeJIOCTaTHOCTI.

IHwi noGiuni epekTn

— Ilpo mikipHi peaxiiii, Taki Ik BUCUIKA, CBEPOiX i KPOMUB-
HULIS, PITKO TOBITOMJISITIOCS TIPY 3aCTOCYBaHHI OicocdoHatis. Y
IesSKNX BUITAAKaxX cIocTepiraBes ix pemmnus [171]. 3miHa Gicdoc-
¢oHAaTIB He 3aBXKIM CyIIPOBOIKYBAIACS BiTHOBICHHSIM CUMITTOMIB,
SIKIIIO MPUMITYCTUTH, IO iHIyKOBaHa OicpocchoHaTaMM IIKipHA pe-
aKllist, MMOBipHO, He € KJlac-3ajiexHoro [171].

— Jlyxxe pinko IMOBiZOMJISUIOCS MPO BUITAAKU ITOIIKOMKEHHS
CIM30BO1 000JIOHKM MOPOKHUHU POTa, 110 He OYJIM MOB’sI3aHi 3 0C-
TEOHEKPO30M IIEJIEIH Ta Oy 3apeeECTPOBaHi ITPU HEMPABUJILHOMY
npusHayeHHi n-b®. [TpunuHEeHHST HEMPABUIBHOTO 3aCTOCYBAHHS
bicchochoHaTiB BeJIO M0 3arOEHHSI BUPA30K CJIM30BOI OOOJIOHKH,
HaBiTh TTPY 30epeXKeHHI MepopaTbHOTO MPUHOMY TIpeTiapaTy Ta Tpu
IOTpUMaHHI iHCTpyKIii [172].

— byno mexiapKa MOBiZOMJIEHb PO BUIAAKKU TPAH3UTOPHOIO
renaTUTy Iic/s1 IPUIOMY IIPOTSTOM KiTbKOX MICSIIB 10 JEKIJIHKOX
POKiB mpernapariB ajJeHIPOHOBOI Ta/ab0 PU3EAPOHOBOI KUCIOTH.
T'enatut OyB MiATBepIKEHUI TTPU OiOMCil MEYiHKY i3 TOCTIIKEHHSIM
JlikapcbKoi TokenyHocTi [173, 174]. Omy>kaHHST HACTaBaJIo Opasy X
MicJIsi MPUMMHEHHST IPUAOMY TIpernapary YM AeIlo Mi3Hille.
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Bisphosphonates and cancer

BPs constitute an efficacious therapy in order
to prevent skeletal complications in patients with
bone metastases. They might help to maintain
functional independence and quality of life [175].
Several BPs have shown some efficacy in this re-
gard, but owing to its easy mode of administration
and its potency, zoledronic acid became the most
used drug. Improved quality of life and prolonged
disease-free survival have been observed with ad-
juvant therapy with zoledronic acid. In addition,
zoledronic acid has shown a direct inhibition of
tumorigenesis and cellular growth in preclinical
models. So far, clinical results remain controver-
sial [160, 176—183].

SAPHO syndrome

Synovitis, acne, pustulosis, hyperostosis and
osteitis syndrome is a rare condition consisting
of sterile inflammatory osteoarticular disorders,
frequently associated with skin lesions resistant
to conventional anti-inflammatory therapy [184].
Several case reports have shown successful therapy
with infusions of pamidronate disodium and zole-
dronic acid [185, 186].

Multicentric reticulohistiocytosis

Multicentric reticulohistiocytosis is a rare sys-
temic condition characterized by erosive polyar-
thritis frequently progressing to arthritis mutilans
and papulonodular lesions on the skin. Alleviation
of the arthritis and concurrent reduction of the
size and number of cutaneous nodules have been
observed in single case reports with therapy with
alendronate, pamidronate and zoledronic acid
[187].

Hypertrophic osteoarthropathy

Hypertrophic osteoarthropathy can be dis-
abling and resistant to analgesic and anti-inflam-
matory drugs. Clubbing, arthralgias, cutaneous
and osseous (periosteal) proliferation in the upper
and lower extremities are frequently associated
with bronchogenic carcinoma and right-to-left
cardiac shunts. A few case reports have shown an
effective alleviation of symptoms after pamidro-
nate disodium and zoledronic acid in both benign
and malignant conditions [188].

There are potentially other indications for BPs
such as periodontitis leading to local bone loss.
However, there is not yet enough evidence to rec-
ommend a wide use of BPs in the treatment of this
condition. Moreover, the theoretical albeit ques-
tioned risk of osteonecrosis of the jaw could deter
clinicians to use them thoughtlessly [189].

To be continued in the next issue

List of references is in the editorial office
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bicpocponaTu Ta pak

bichochonatu € epekTUBHUM 3acoO0M Tepamnii 3 MeTOO
3aro0iraHHs CKeJIEeTHUM YCKJIaJIHEHHSIM Y XBOPHUX i3 MeTacTa-
3aMu B KicTku. [IpemapaTu MOXyTb CHPUSTH MiATPUMAHHIO
(yHKIiOHATBHOI HE3aJIeXKHOCTI MAalliEHTIB Ta TOKpalleHHIO
gKocTi ix xutta [175]. Jlexinbka GicdocdhoHaATIiB moka3anu
e(EeKTUBHICTh Y LIbOMY BiIHOIIEHHI, ajie Yepe3 MPOCTHUI CITO-
ci0 BBegeHHS Ta MOTeHIIia dil 30J1eIPOHOBOI KUCIOTHU OCTaH-
H$I HalO1/IbIII YaCTO BUKOPUCTOBYETHCS B MOAIOHUX BUITaAKaX.
IloninuieHHs SIKOCTi XKUTTS Ta TpUBaJji BUXKMBaHHS 0€3 03HaK
3aXBOPIOBAHHS CIlocTepirajocs NMpu aja’loBaHTHIN Tepamii 30-
JIEAPOHOBOI KUCI0TOW. KpiM TOro, Ha TOKJIiHIYHUX MOAEISIX
MOKa3aHo, 110 30JIeAPOHOBA KUCI0TA Oe3MOCcepeHbO MPUTHi-
yye OHKOTeHe3 Ta KJiTUHHUH picT. [IpoTe moci kiiHiuHI pe-
3yJAbTaTU 3aTUIIAIOThCS AUCcKyciiHumu [160, 176—183].

Cunppom SAPHO

Bkitouae B cebe CMHOBIT, akHE, TYCTYJbO3, TiMEpOCTO3 Ta
octeiT. CHHAPOM € PiIKiCHMM 3aXBOPIOBAHHSIM, B OCHOBI SIKOTO
JIEXXUTH HeiH(eKIiliHe 3amajbHe ypaxkeHHs KiCTKOBO-CYT1000-
BOIO arapary, 4acTo IOo€AHaHe 3 MOIIKOMXKEHHIM IIKipu (BU-
CUIIKOI0), CTiliKe 10 3BMYaliHOI MpoTHU3anaabHoI Teparii [184].
OnucaHo AeKiJbKa KJiHIYHUX BMIIAAKiB e(eKTUBHOI Teparii
naMigpOHOBOIO Ta 30JIeAPOHOBOIO KKCIOTOMO [185, 186].

MHOXVNHHNN peTuKynorictioynros

MHOXWHHUI PEeTUKYJOTICTIONUTO3 — 1€ PilIKiCHE CHucC-
TeMHE 3aXBOPIOBaHHS, SIKe XapaKTEPM3YETbCS €PO3UBHUM
MoJIiapTPUTOM, 110 YAaCTO MPOTPECYE N0 MOTUJIIOIYOTO ap-
TPUTY, Ta TAMYyJIbO3HO-TPAHYJIHOMATO3HUM ypPaXXE€HHSIM IIKi-
pu. [lonermenHs mepediry apTputy Ta 3MEHIIEHHS PO3Mipy i
KiJIbKOCTI IIKipHUX IpaHyJIbOM OYJIO 3apeECTPOBAHO B OJHO-
My ony0JIiKOBaHOMY KJIiHiYHOMY BUMAAKy IpPU MpU3HAYECHHI
Tepalii aJeHAPOHOBOIO, IaMiAPOHOBOIO Ta 30J€IPOHOBOIO
kucyortoto [187].

FineprpodiuHa ocTeoapTponaria

lneptpodiuHa ocreoapTponaTisg € iHBaJiAU3YIOUUM Ta
CTIKMM 10 TPU3HAYEHUX AHAJITETUYHUX i MPOTU3aNnaibHUX
npernapartiB 3axBoptoBaHHsIM. CuMnromaMu € «6apabaHHi ma-
JINYKW», apTpanirii, mpomideparlis mkipu il Kictok (mepioc-
TaJIbHA) BEPXHIX Ta HMKHIX KiHI[IBOK, YaCTO PEECTPYETHCS Kap-
OUHOMAa OPOHXIB Ta ceplie 3 IIPABOJJiBUM ITYHTOM. Y IeKiTbKOX
ony0JiKOBaHMX KIiHIYHUX BMIIQAKaX IMOKAa3aHO ITOJIETIIEHHS
CUMIITOMIB MicCJIs1 TIpU3HAYeHHS MaMiIpOHOBOI Ta 30JeAPOHO-
BOIi KMCJIOTH 3a HAsSIBHOCTI SIK TOOPOSIKICHUX, TakK i 3J10SKiCHUX
craHiB [188].

Taxkoxx TOTEeHUiMHO € iHIII MOoKa3aHHS AJs TNpU3HAUYCH-
Hs OicdocdoHariB, Taki IK MEPiOJOHTUT, 11O MPU3BOIUTH 10
JIOKAJIbHOT BTPATU KiCTKOBOI Macu. TUM He MeHIIe 0 LUX Iip
HEMae I0CTaTHbO JOKa3iB, 100 peKOMEH/1yBaTH IIIMPOKE BUKO-
puctaHHs OicdocdoHAaTIB y JIiKyBaHHI 3a3HAYEHOI'0 3aXBOPIO-
BaHHs. KpiM Toro, € TeopeTuuHi CyMHiBM 1100 PU3UKY PO3BU-
TKY OCTE€OHEKpO3Y IleJeINu i 11e, UMOBIpHO, i BIIJIIKY€E JiKapiB
BUKOPUCTOBYBATH iX 0€3 WiTKMX rmoka3aHb [189].

HpOI[OB)KeHHﬂ B HACTYIHOMY HOMepi

Cnmcox JiTepaTypH 3HAXOIUTHCA Y peaaKiii
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