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LLIaHOBHI YnuTQuil

Biiina B ogHy MUTH molIMaTyBajia Hallli IIaHU, Mpii,
imo3ii. I B o1uH neHb Hac Ha3aBXIM 00’exHaIa po3B’si-
3aHa KpeMJiBCbKUM IIcMxomaTtoMm BiliHa. CbhOromHi Mu
MUIIAEMOCS JepXaBolo, SIKy HamaraloTbcsi BOutu. Haim
LIUISIX — BUCTOSATH, 1100 Oe33acTepekHO BimOyTucCs sK
HepxaBa. BiitHa He 3aKiHUMTBCS 3aBTpa, aje OYEBUIHO,
1110 BUTpATH ii BOpOry He mia cuiry. Hamra mepemora — nu-
TaHHS Yacy Ta ILiHU.

KepiBHuk neneramii KpaiHu-arpecopa Ha IIepeTOBO-
pax 3 YkpaiHowo Bosogumup MenuHCbKUM (KOJWIIHIA
MIiHICTp KYJIBTYpH) IO BiliHM OYB BiIOMMI SIK aBTOp €K30-
TUYHOTO «BiIKPUTTSI», CTBEPIKYIOUHU, 110 B POCIHICHKOTO
HapoJy «€ OJHa 3aiiBa XpomMocoMa». Bxxe mepiumii Micsiib
BilfHM TIepeKOHaB, 1110 POCICbKOMY Hapoay NpUHANMHi
ofHiei xpomocomu Opakye. Tiei, 110 Mae BiamoBizaTu 3a
30aTHICTh 3iMICHIOBATH BUMHKH i TigHicTh. Ilicag 24 mio-
TOro TeMy PO «OpaTHi HApOIW», TUM Oijibllle TTPO «OAUH
Hapo», Ha3aBxXau 3akputo. OmHaK BiAMiHHICTb MixK HUMU
Ta HAaMU He cTaja oyeBUIHOW B Pocii, amxe B HUX IIOCh
SIBHO HE TaK i3 XpOMOCOMaMHM.

HuwuHi Bech nmBinizoBaHuii cBiT BUKpecioe PD 3 pisHux
cep KOJIEKTUBHOI MisIbHOCTI, 0OMEXyIouH ii i B MiXkKHa-

pOIHii HayKoBiil ciBmpali. baraTo yHiBepcUTETIB, rpaH-
TOBUX (DyHAAIiil Ta HAYKOBUX TOBAPUCTB YK€ MPUMHSIIN
Take pimeHHs. [ojoBHa MeTa moJisirae B 3HVMXKEHHI HayKo-
BOro iMmaxkTy (koediuieHra uutoBaHocTti) Pocii. 3pooutu
Tak, 1100 BIJIMB HAyKOBIIiB KpaiHM-OKYIaHTa Ha CBiTOBY
HayKy OyB Maitxe HyaboBuii. [l npukiany, Criika pek-
TOpIB YHiBepcuTeTiB HiMeuunmHy nmpunmHMIA CITiBIIPAIlio 3
BUeHUMHU i3 Pocii.

Yepe3s BiliCbKOBI Iii Ha TepuTopil YKpaiHu OpyKoBaHA
Bepcist «MixXHapOIHOTO €HIOKPUHOJOTIYHOTO KypHay»
TMMYacoBo He Buxoautume. OmHaK pemaxilisg 3HauIia
MOKJIMBICTh BUITYCKATH €JIEKTPOHHUI BapiaHT XypHay,
11100 aBTOPU MaJIM MOXJIMBICTh CBOEYACHO OTNPUIIONHUTH
CBOI HAyKOBi JOPOOKU

3 no6axaHHsiM pa3oM 30NnaT BUNPo6yBaHHSA BiliHM,
BUCTOSITU, NEPEMOrTH, a TOAI BiapoauTUcS
i Bin6yayBaTu Hawy pigHy YKpaiHy!

lonosHU pegakTop npoghecop,
4n1eH HauioHarbHOI criiniku XypHaricTis YkpaiHu
Bonogumup IeaHoBu4 MaHbkie M
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Neutrophil to Lymphocyte ratio
is significantly reduced after Sodium glucose
cofransporter-2 inhibitor treatment in patients
with type 2 diabetes mellitus

Abstract. Background. Sodium glucose cotransporter-2 inhibitors (SGLTZ2i) are novel therapeutic agents that be-
came available in the treatment of type 2 diabetes mellitus (T2DM). This group of antidiabetic agents are associated
with reduced glycated hemoglobin (HbA1c), fasting glucose, body weight and body mass index (BMI) in diabetic
patients. All those beneficial effects may also be associated with a reduction in inflammatory burden. The purpose
of the study is to compare neutrophil to lymphocyte ratio (NLR), a novel inflammatory marker derived from hemo-
gram, before and 6 months after SGLT2i treatment in diabetic subjects. We also aimed to compare fasting glucose,
HbA1c and other metabolic parameters as well as anthropometric measures (weight, BMI) before and 6 month after
initiation of SGLTZ2i therapy. Materials and methods. The subjects with type T2DM that show up in internal medi-
cine outpatient clinics of Abant Izzet Baysal University Hospital between January 2021 and December 2021 were
enrolled to the study. Pretreatment and posttreatment NLR and other parameters were compared. We also obtained
pretreatment and posttreatment laboratory data including urea, creatinine, fasting glucose, HbA1c, glomerular fil-
tration rate, aspartate and alanine transaminases, plasma sodium and potassium. Results. Fasting glucose was
reduced from 195 + 72 mg/dl in pretreatment period to 146 + 53 mg/dl in posttreatment period (p < 0.001). HbA1c
was reduced from 9.1 + 1.7 % in pretreatment period to 7.7 + 1.7 % in posttreatment period (p < 0.001). The NLR
before treatment was 2.6 + 1.2 % before SGLT2i treatment and was reduced to 2.2 = 0.6 % in 6" month of SGLT2i
therapy. NLR was significantly decreased after treatment (p = 0.003). Conclusions. We suggest that NLR levels
could be a marker of reduced inflammatory burden in T2DM subjects receiving SGLT2i treatment.

Keywords: type 2 diabetes mellitus; inflammation; neutrophil to lymphocyte ratio; sodium glucose cotranspor-

ter-2 inhibitor; fasting glucose; HbA1c

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic
disorder associated with significant morbidity and mortality.
Mild but persistent inflammation has an important place in
the course of T2DM. Indeed, several inflammatory markers
derived from routine hemogram tests were suggested to be
associated with T2DM [1—6], and with its complications
[7—11]. Effective treatment of the diabetic subjects may re-
duce the inflammatory burden in this population.

Sodium glucose cotransporter-2 inhibitors (SGLT2i) are
novel therapeutic agents that became available in the treat-
ment of T2DM. This group of antidiabetic agents are asso-
ciated with reduced glycated hemoglobin (HbAlc), fasting
glucose, body weight and body mass index (BMI) in diabetic

patients [12]. All those beneficial effects may also be asso-
ciated with a reduction in inflammatory burden.

To test this hypothesis, we designed the present study to
compare neutrophil to lymphocyte ratio (NLR), a novel in-
flammatory marker derived from hemogram, before and 6
months after SGLT2i treatment in diabetic subjects. We also
aimed to compare fasting glucose, HbAlc and other meta-
bolic parameters as well as anthropometric measures (weight,
BMI) before and 6 month after initiation of SGLT2i therapy.

Materials and methods

Study Design. Patients who were followed up in our inter-
nal medicine outpatient clinics and were treated with SGLT2i
between January 2021 and December 2021 were included in
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the present retrospective study. Local ethics committee was
approved the study (ethics approval no: 2021/233). Those
under the age of 18, those with end-stage renal disease, those
with active infection or inflammatory disease, and those re-
ceiving cancer treatment were excluded from the study. Age
and gender of the participants recorded. Anthropometric
measures; body weight and BMI before and at the sixth moth
after SGLT2i treatment were recorded. We also obtained
pretreatment and posttreatment laboratory data including
urea, creatinine, fasting glucose, HbAlc, glomerular filtra-
tion rate (GFR), aspartate and alanine transaminases (AST
and ALT), plasma sodium (Na) and potassium (K). The data
at least sixth moth after initiation of SGLT2i treatment was
recorded as posttreatment data.

Statistical analyses. All data was analyzed by statistics
software (SPSS 16.0 for Windows, IBM Co., Chicago, IL,
USA). One sample t test was used for analysis of data in
whole study population. Variables before and after SGLT2i
treatment were analyzed by paired samples t test. The p va-
lues lower than 5 % was considered as statistically significant.

Results

Study population was consisted of remaining 78 patients
(67 men and 17 women) after exclusion of 11 subjects ac-
cording to the exclusion criteria. Mean age of the study co-
hort was 58,7 * 8,6 years, respectively.

There were no significant differences between pretreat-
ment and posttreatment levels of creatinine, GFR, Na, and
K levels (p > 0.05 for all).

Body weight (p < 0.001), BMI (p < 0.001), AST
(p < 0.001), and ALT (p < 0.001) levels were signifi-
cantly reduced in posttreatment period compared to the
pretreatment period. Fasting glucose was reduced from
195 £+ 72 mg/dl in pretreatment period to 146 + 53 mg/dl
in posttreatment period (p < 0.001). HbAlc was reduced
from 9.1 = 1.7 % in pretreatment period to 7.7 = 1.7 % in
posttreatment period (p < 0.001). Figure 1 shows the re-
duction in study variables.

The NLR before treatment was 2.6 = 1.2 % before
SGLT2i treatment and was reduced to 2.2 £ 0.6 % in 6™
month of SGLT2i therapy. NLR was significantly decreased
after treatment (p = 0.003). Figure 2 shows the change in
NLR levels between pre- and posttreatment periods.

Discussion

Present study showed that SGLT2i treatment reduces
inflammatory burden related to T2DM. Moreover, the re-
sults of present study suggested the previous studies in li-
terature that reported significant decrease in weight, BMI,
fasting glucose and HbAlc with SGLT2i treatment.

Besides type 2 diabetes mellitus is a metabolic disorder,
significant amount of inflammatory burden has been re-
ported in this condition. An anti-inflammatory cytokine,
omentin, has been suggested to be low in insulin resistance
states in the medical literature [13]. Another inflammatory
cytokine, neuregulin, has been reported to be decreased in
T2DM [14], and in diabetic kidney injury [15]. Moreover,
inflammatory cytokines, such as cardiothrophin, was shown
to be increased in subjects with T2DM [16]. These findings
suggest that inflammation involve in the course of T2DM
and its complications. The results of the present study were
also suggested that effective treatment with SGLT2i may re-
duce inflammatory burden in this population.

Other metabolic and inflammatory markers have been
suggested to be associated with T2DM. Authors reported
increased uric acid/HDL cholesterol ratio in diabetic sub-
jects compared to the healthy population [17]. In addition,
elevated uric acid/HDL cholesterol ratio has been shown in
subjects with metabolic syndrome, another insulin resistant
state [18]. Interestingly, SGLT2i treatment was suggested to
reduce serum uric acid levels, which is a marker of inflam-
mation and deteriorated metabolism in diabetic subjects
[19]. In accordance to the literature data, we showed that
SGLT?2i treatment lowered NLR levels which reflects un-
derlying inflammatory burden.

Our study also showed reduced fasting glucose and HbAlc
levels after initiation of SGLT2i treatment. Previous studies
were also reported significant improvement in those metabo-
lic markers in diabetic subjects after SGLT2i therapy [12, 20,
21]. Effective glucose lowering effect of SGLT?2i is well estab-
lished. Significant weight and BMI reduction also contributes
to improvement of metabolic parameters in diabetic subjects
received SGLT2i treatment. The findings of present study
which reported improved weight, BMI, glucose and HbAlc
levels, were in accordance with the literature knowledge.

We also found significantly reduced AST and ALT levels
after SGLT2i treatment in present work. Although insig-
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Figure 1. Change in the pre-treatment and post-treatment periods
of body weight, BMI, AST, ALT, fasting glucose and HbA1c

Figure 2. Change in the NLR levels
between pre-treatment
and post-treatment periods
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nificant, reduced AST and ALT levels have been reported
in a recent study [12]. Deteriorated metabolism may cause
non-alcoholic fatty liver disease in diabetic subjects which is
characterized with elevated transaminases. SGLT?2i related
improvement in metabolism may also cause a reduction in
fat accumulation in liver resulting decreased AST and ALT
levels. This phenomenon has been suggested by a recent
work in the medical literature [22].

Retrospective design and relatively small study popula-
tion are possible limitations of the present work. We just fol-
lowed the subjects for six months, which may constitute the
third limitation. However, to the bet of our knowledge pres-
ent study is the first report in the literature showed reduced
NLR levels after SGLT2i treatment in patients with T2DM.

Conclusions

In conclusion, we suggest that NLR levels could be a
marker of reduced inflammatory burden in T2DM subjects
receiving SGLT2i treatment. Further longitudinal studies
with larger cohort are needed to confirm our results.
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BiporiaAHe 3HM)XEeHHS CniBBiAHOLUEHHS BMICTY HEUTPO®IAiB i AiMdoLUTIB HO TAI
AIKYBOHHS iHFGITOPAMM HATPIN3AAEXXHOrO KOTPOHCNOPTEPA FAIOKO3U 2-TO TUMY
Y NAUIEHTIB 3 LYKPOBUM AiGEeTOM 2-ro Tuny

Pe3iome. Axmyaavnicms. InriGitopy HaTpiii3al1eXxHOro Ko-
TpaHcrnopTepa roko3u 2-ro tumny (iH3KTI-2) — HoBi Tepa-
MEeBTUYHI 3ac00M, NOCTYMHI IS JIIKyBaHHS LLyKPOBOIO AiabeTy
2-ro tuny (LIJ2). s rpyna nporuaiabeTMuHuX 3acobiB aco-
IHI0EThCS 31 3HMXKEHHSIM TJiKoBaHOro remornobiny (HbAlc),
rIikeMii HaTile, Macu Tia Ta iHgekcy macu Tina (IMT) y ma-
mienTiB 3 LJ12. Yci 1i cipusTinBi e(eKTH TaKOXK MOXYTh OyTH
MoB’s13aHi 31 3MEHIIEHHSIM 3anajieHHs. Memorw NOCTiIKEeHHS €
MOPiBHSIHHSI OTPUMAHOTO 3 TeMOTpaMu CITiBBiIHOLIEHHSI HEl-
TpodiiB i 1iMOLUTIB, HOBOro MapKepa 3amajeHHs, 10 Ta uepe3
6 micsuiB micns gikyBanHs iH3KTI -2 y nmamienTis 3 LIJ12. Kpim
TOTO0, 3aBIAHHSIM IOCIDKEHHS OYJIO MOPIBHIATY PiBEHb IIiKeMil
HaTIIe, TJiKOBAaHOTO TeMOTI00iHy Ta iHIIII MeTaboIiuHi ITapame-
TpH, a TaKOX aHTPOMOMETPUYHI MOKa3HUKM (Maca Tina, IMT)
1o Ta yepes 6 Micsii miciast movatky tepamii iIH3KTI-2. Mame-
piaau ma memoodu. I1in crioctepexxeHHIM repedyBajiu MnalieHTH
3 II/I2 y KIiHili BHYTPillIHiX XBOPOO YHiBepCUTETCHKOI JIiKap-
Hi Abant Izzet Baysal y mepioa 3 ciuHs mo rpyaeHb 2021 poky.
[TopiBHIOBaIM CHiBBiIHOIIEHHS HEUTPODINIB i JiMbOUUTIB 10
Ta TiCJIs JIIKyBaHHS Ta iHII apaMeTpu. Takox Oyiu oTpuMaHi

J1abopaTOopHi JaHi 10 Ta Mic/s JIiKyBaHHSI, BKIIOYAIOUM BMICT ce-
YOBMHU, KpeaTUHIiHY, IJTikeMito HaTtine, HbAlc, BUAKICTh KITy-
004KOBOI (inbTpallii, acraprar- i ajaHiHTpaHcaMiHa3|, HATpii
i kaniit Tuiasmu. Pesyabmamu. PiBeHb rlikeMii HaTLIe 3HU3UBCS
3 195 £ 72 mr/an y nepion no JikyBaHHs 1o 146 + 53 mr/mn y
nepioa micas jgikyBanHs (p < 0,001). BinzHavanocs BiporigHe
3HUXeHHs piBHs HbAlc: 3 9,1 = 1,7 % y nepion no JiKyBaHHS
no 7,7 = 1,7 % y nepion micns nikysanus (p < 0,001). CriBBin-
HOIIIEHHS HeNUTpodimiB i 1iMGpOLUTIB 10 JIKyBaHHSI CTAaHOBUJIO
2,6 £ 1,2 % i BiporigHo 3HMxKyBajocs 10 2,2 £ 0,6 % Ha 1ocToMy
Micaui tepanii iH3KTT-2. CniBBinHoumeHHs HelTpoditiB i TiM-
(ouutiB BiporimHo 3mMeHmMIOCS Mmicas JikyBaHHs (p = 0,003).
Bucnoexu. ABTop mipumyckae, 110 CHiBBiAHOIIEHHS PiBHIB Heli-
TpodisiB i niMdOIUTIB MOXe OyTHM MapKepoM 3HUKCHHS 3a-
MajJbHOTO HaBaHTaXeHHs y nauieHTtiB 3 LIJ12, ski oTpuMyioTh
nmikyBaHHsa iH3KTI-2.

KorouoBi cioBa: uykposuii niabet 2-ro TuIly; 3anajaeHHs; CIliB-
BiIHOIIIEHHST HEeUTpodimiB i JiMboLMTIB; iHribiTOpM HaTpiliza-
JIEXKHOTO KOTPAaHCMOpTepa MIIOKO3U 2-TO TUITY; IJTiKeMisl HaTIIe;
[JIIKOBaHWI TeMOTJI00iH
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T XapKiBCbKv HALIOHQABHUN MEAVNYH YHIBEpCUTET, M. XQPKiB, YKpQiHO

2 AY dHCTUTYT MPOBAEM EHAOKPUHHOI NaToAorii iM. B.SI. AaHuaescbkoro HAMH Yikpainm», M. Xapkis, YpaiHa
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LLIAGXM onTUMi3aLii BUSBAHHS
TO MOHITOPUHIY NepPBUHHOrO rinepnapartupeosy
(OpraHisauinHi acnekTn)

Pe3tome. AkryanbHicTs. HegiarHocToBaHwii nepsuHHWA rinepriapatmpeod (MIT1T) 3Ha4vHO 36inbLLye pUsUK OC-
TEOropo3sy Ta rnepesiomiB, HeghporiTiasy Ta HUPKOBOI HEAOCTATHOCTI, 3HVXKYHOYM SIKICTb XUTTS XBOpuX. Yce Le oby-
MOBJIHOE HEOOXIQHICTb YJOCKOHA/IeHHS OpraHi3aliviHol cucTemu BUSIBIIEHHS Ta MOHITOPUHIY 3axBoproBaHHs. MeToro
LocrifpKeHHs 6yr1o oUiHNTK YacToTy rinepkanbsuiemii (FK) y xBopux i3 eHOOKPUHHOK NaTosIOriero Ta BUSHAYUTU cTa-
TeBwi | BikoBwii cknag y nigrpyni 3 K. Matepiann Ta metoaun. BusHaveHo 4actoty K (3a piBHAMM 3arasibHOro
Ta ioHi30BaHOro KasnbLito) y 107 XBOpMX 3 EHAOKPUHHOKO NATOJIONIED, OOCTEXEHNX YIPOAOBX NINCTONaaa Ta rpy.aHs
2021 poKy, oxapakTepmn3oBaHO cTateBi Ta BIKOBI 0COB/IMBOCTI, XapaKkTep eHBOKpuHHOI natosorii y nigrpyrni 3 K.
PiBeHb 3arasbHOro KasbLito KpoBi BU3Ha4Yam (hOTOKOSTOPUMETPUYHUM METOL4OM 3a [oroMoror gpotometpa «Co-
nap PM 2111», Habopy «CnJl» (VkpaiHa), piBeHb iOHI30BaHOro KasibLito KpOBi BU3Ha4aim po3paxyHKOBMM METOLOM
3as7eXHO Bifj KOHUeHTpauii anbbymiHy. Pe3ynbraTtn. Cepes XBopux Ha eHOAoKpuHHY narosorito K Big3HadaeTbcsi
npmnbmsHo B 30 % Bunagkis. CriBBigHOLLEHHS MK YOTOBIKaMu Ta XIiHKaMm € aHasioridHuM y nigrpynax 3 HopMo- 1a
rinepkarnbuiemieto. HasiBHICTb y XBOPUX eHBOKPUHHOI KomopbigHocTi nigsuiye pusuk K. OTpumaHi pedynbtatv
cBig4arsb, LYo iCHyto4a B YKpaiHi opraHidauis poboTv 3 BUSIB/IEHHSI T& MOHITOPUHIY xBopux i3 K noTpebye ontumi-
3aujii. 51k 3pa30k MOXHa BUKOpUCTaTH po3pobrieHy aMepuKaHCbKUMU aBTopaMm KOHLUeNTyasibHy Moaesb 4ii nikaps
cucTeMm rNePBUHHOI MeANYHOI 4OMOMOIU, CIIPSIMOBaHY Ha ONnTUMI3aLito po60TH 3 BUSABIIEHHS Ta MOHITOpuHrY [ITIT.
BucHosku. [1ns Ykpaiuu € akTyasnbHor rpobriema yaOCKOHaNeHHs1 OpraHi3aliviHoi cucTeMy BUSIBJIEHHSI Ta MOHITO-
puHry 'K, Lo MOBMHHA BKIIHOHYATV KOHTPO/Ib PIBHS KaslbLito B KPOBI, NepioanYHICTb JOCTIKEHb, N0AasIbLLUM MOHI-
TOpUHI 0cib i3 K, 3abe3nedyBaTty KOMyHIKawii nikapiB nepBuHHOI Ta crieyianiaoBaHoi JJaHOK MEANYHOI JOMOMOru.
KnroyoBi cnoBa: nepsuHHW rinepnapatnpeos; JiarHoCTUKa; MOHITOPUHI

Bctyn

IlepBunHuuit rinepnapatupeo3 (ITI'TIT) e nHaitvyacri-
UM YMHHUKOM rinepkanbiieMii (I'K). 3a nanumu ame-
puKaHChKMX aBTOpiB, yactoTa I1I'TIT 30imbuIyeTHCS i3 Bi-
KoM: Bix 12—24 na 100 000 y Biui no 50 pokiB g0 95—196
Ha 100 000 y Bikogiit rpyni 70—79 pokis [1, 2]. HaiiGinb1u
nomupenolo npesenranicto II'TIT € 'K mpu 3BuuaitHo-
My J1abopaTOpHOMY NOCIIIKEHHi, aje el (akT HepiaKo
OB’ SI3YIOTh i3 iHIMMMM 3aXBOPIOBAHHSIMM.

Hiarnos [NT'TIT motpebye 1ie i fociikeHHs piBHS Na-
patupeoigHoro ropmoHny (I1TT) 3 o1iHKOIO CITiBBiZHOIIIEH-
Hs1 MixX Kasbliem (Ca) ta [TTT [3]. OnHak choromHi yepe3
pi3Hi 00CTaBUHU Yy 3HAYHOI KiJIbKOCTi xBopux i3 'K He mo-

caimxyetbes piBeHb I1TT, yHacninok yoro III'TIT BusiBisi-
€THCSI 3HAYHO ITi3Hillle Ta Ha TJIi OLIBIINX 3MiH B OpraHi3Mi.
[Tpu 11bOMY 3HAYHOIO MipOIO 11e MOB’SI3aHO 3 Herapa3aaMu
OopraHizaliifHOTO IIJIaHy, a caMe:

— I'K He o1liHeHa HaJlexkHUM YMHOM; Ha BusiBiieHy ['K
He 3BEpHYJIM yBaru B MEAWYHill yCTAHOBI, Je CIlocTepira-
€TbCS XBOPUIA;

— $KIIIO XBOPOTO TepeBECHO ITiJ HAMISIA 10 iHIIOTro
Jikaps mmicist BussiaeHHs ['K, iioro Mmorim He 03HaiioOMUTHU
3 LIUMU JaHUMU;

— BusgbieHi B xBoporo 'K i migBuinenns pisus [1TT
He 3a¢iKCcoBaHi B icTOpii XBOpoOH;

— TI'K moB’s13ayi1 3 iHINMMY YMHHUKAMH;
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— y xBoporo 3 'K HasiBHa cumnitomatuka II'TIT, ane
HE TMPUIAMAETHCS PIillIEHHsSI CTOCOBHO TOMAJIBIIOTO MOTO
MOHITOPUHTY;

— JiKap He BBaXkKa€ OIepallilo ONTUMaJIbHUM BapiaH-
TOM JIIKyBaHHSI, IPU LIbOMY B TOKYMEHTallil He BKa3aHo, 110
0o0paHo: CIIocTepeXkeHHsI a00 MeIMKaMeHTO3Ha Tepaltis;

— 3MiHM CTaHy 370pOB’Sl XBOPOTO He iHillitoBaJl KO-
PeKIlilo IUIaHy JiKyBaHHSI.

Tpeba Opatu mo yBaru, IO IAIIiEHTA MOXYThH IIepe-
XOJIWUTH Bill OAHIEI KaTeropii A0 iHINOI, HATPUKIIAI, KOJIU
JIiKap IIicJIsI Mepiooy CIIOCTepeXXeHHS IIpU3HaYae MearuKa-
MEHTO3HY Teparlito. MOXK/IMBI TaKOX CUTYaIIil, KOJIM JIiKap
He Meperisiaae cBoi NEPBUHHI PillleHHS 1IOA0 JiKyBaHH!,
HaBiTh KOJM KIIHIYHWI CTaTyC XBOPOTO TOTipUIYETHCS
BHaciainok nepcuctyodoro INITIT: migBuiyeTbcss pusnkK
KiCTKOBHUX TiepesomiB (Ha 75 %), ceplieBo-CyIMHHOI TTaTo-
Jorii (y 2,5 pasa), po3BUTKY HedpoJiTiasy (y 5 pa3iB), po3-
BUTKY HUPKOBOI HemocTtaTHOCTI (y 14 paziB) i cMepTHOCTI
(Ha 40 %) [1, 2, 4].

B. Wu i cniBaBr. [5] 3a MmaTepiajaMu aaMiHiCTpaTUBHUX
manux y KamigopHii BcTaHOBUIIM, 11O YacTOTa IMPOBEACH-
HsI TAapaTUPEOINeKTOMil 3HUXKYETHCS i3 BikoM. [1pu 1ibomy
OIHMM i3 YMHHUKIB TaKOi CUTYallil € opraHizaliiiHi Baau:
BiJICYTHICTB B iCTOpisIX XBOpOOM iH(opMallii Mpo BUSIBIIEHI
3MiHM, KpiM TOro, HaBiTh 3a HAsSIBHOCTi Takoi iH(opmaliii
B icTOpii XBOpOOU BiICYTHI IJIaH [iii CTOCOBHO XBOPOTO 3
npusoxy ITI'TIT.

Buxopsuu 3 Toro, 1110 icHyto4ya cucTeMa opraHizailii Bu-
siBjieHHs1 Ta MoHiTopuHTY 1T TIT nmoTpebye BmoCKOoHaIeH-
HsI, TPYIIOI0 aMepUKaHChKUX aBTOPiB [1] 3ampomoHoBaHO
KOHIIETITYalbHY MOJIe/ib, CIPSIMOBaHY Ha TiABUILEHHS
Ppe3ybTaTUBHOCTI pOOOTH B LIbOMY HAMPSIMKY JIiKapiB CHUC-
TeMU IIepBUHHOI MeAUYHOI JoroMoru. [1poBinHi MOMeHTH
MOJIeJIi BKJTIOYaIOTh:

— MEeBHUI piBeHb 00i3HAHOCTI JIiKaps MepBUHHOI JIaH-
KM CTOCOBHO iHTepIIpeTallii JIJAbOpaTOpHUX AaHUX, 30Kpe-
ma piBHiB Ca ta I1TT, cyyacHuX LLIAXiB KOpPEKIii Tirep-
KaJIpIIieMil, BMiHHSI OUdepeHIiloBaTA Pi3Hi eTiOJOTiuHi
ynHHUKM 'K

— BOJIOAIHHS iH(OpMali€l0 IIOA0 I03aliKapHSHOI
MWHAMIKW TTIOKA3HUKIB i TOTOBHICTb OMEPaTUBHO 3MiHIO-
BaTU TUIaH JIiIKyBaHHS 32 YMOBM TOSIBU HOBUX JIaHUX 200
CUMIITOMIB;

— HaJIaroKeHHSI KOMYHIiKalliliHMX 3B SI3KiB i3 JTiKapsi-
MU MEIWYHUX 3aKJIa[iB iHIIIOTO PiBHSI CTOCOBHO KOXHOTO
xBoporo 3 'K.

bepyun 1o yBaru naHi 3apyOiKHUX aBTOPIB LIOAO CYT-
TEBUX HEHOJIIKIB B OpraHi3ailii BUSIBJICHHSI Ta MOHITOPUHTY
xBopux Ha [1I'TIT i HeoOXigHOCTI BIOCKOHAJIEHHS BilIlO-
BigHOI opranizamiitHoi momeni [1, 3, 6, 7], Hamu mocmixe-
HO JesIKi MmapaMeTpH, SIKi XapaKTepHU3ylTh 110 TpoodJieMy
B YKpaiHi.

MeTa noCJIiKeHHs: OLIHUTY YaCTOTYy TilepKalbIiEMii
Yy XBOpHUX, SIKi MepeOyBaJIM B €HAOKPUHOJOTIYHIN KIiHili
3 MMPUBOIY Pi3HOI €HIOKPMHHOI MATOJOTii, Ta BUZHAYUTU
CTaTeBUi1, BIKOBUIA CKJIa/l, a TAKOX XapaKTep eHIOKPUHHOT
MaTOJIOTil y MiArpyIli Malli€HTIB 3 TilepKalblLi€EMI€I0.

Marepiaau Ta meToAun

Ipyny nocnimkenHst craHoBwin 107 XBopux, y SIKUX B
naboparopii kiiHiku Y «[HCTUTYT mpobiieM eHIOKpHH-
Hoi natosorii iM. B.A. lannmnescbkoro HAMH Ykpainu»
IOCJIIIKEHO PiBHI 3araJlbHOrO Ta iOHI30BaHOTO KaJbIIilO B
CHPOBATLI KPOBi BIPOIOBX OCTaHHIX ABOX MicawiB 2021
poky. PiBeHb 3arajibHOro Kajbllil0 KpoBi BU3Ha4YaiIu (o-
TOKOJIOPUMETPUYHUM METO/IOM 3a IOTIOMOTroi0 (poTroMeTpa
«Conap PM 2111», Ha6opy «CrJl» (Ykpaina) (Jlaboparop-
Ha HOpMa 2,1—2,55 MMOJIb/JT), piBeHb iOHI30BAHOTO KaJlb-
11if0 KpOBi BU3HaYaIu pPO3PaXyHKOBUM METOAOM 3aJIeKHO
BiI KOHIIeHTpalii anp0ymiHy (1abopaTopHa Hopma 1,03—
1,13 MMoOJIB/IT).

JlocaimkeHHsT cXBajJieHe KOMicielo 3 0OioMeInuyHOoi
etuku Y <«lHcTUTYT mpoOiieM eHIOKPMHHOI ITaToJIOTil
iMm. B.A. HanuneBcbkoro HAMH VYkpainu» (mpoTokosa
Ne 4 Bin 08.06.2021).

CraructuyHa oOpoOKa ofiepXKaHUX JaHUX TMPOBeAcHa
MeTOJaMU BapialliiHOI CTaTUCTUKU 3a JTOMOMOIOI0 CTaH-
IapTHOTO IMaKeTa CTAaTUCTUYHUX po3paxyHKiB Microsoft
Excel. BiporigHicTh po30i:KHOCTEIA CEpeaHiX BETUYNH BU-
3Havanu 3a t-kpurepieM CthiogeHTa. Pi3HuUIIS BBaxanzacs
3Hauymoto mpu P < 0,05.

PesyAbTaTH

V ckmani gocmimkeHol rpymu 0yno 25 40JI0BiKiB Ta 82
SKiHKY BikoM Bin 18 10 69 pokiB (46,4 + 1,82 1a 46,7 £ 1,14
poxkiB BignosigHo, P > 0,05). T'K BussieHo y 29,91 % xBo-
puX 3arajbHOI Tpymnu, 32 % 4onoBikiB Ta 29,27 % XiHOK
(Tabm. 1).

Lli moka3sHMKY He MaJIy BipOTigHOI pi3HUIII, ajie BKa3y-
BaJiu, 1110 Maitke y 30 % XBOPUX i3 eHIOKPUHHOIO MaTOJIO-
rieto € pu3uk po3Butky I'K.

CTpyKTypa €HIOKPMHHMX PO3JIaiB MiCTHIA THUPEOia-
HY HaTOJIOTil0 (aBTOIMYHHMI TUPEOIAUT 3 TIMOTUPEO30M Ta
MicsionepaLiiHuii rinotupeos) y 46 oci6 (4 yonoiku Ta 42
JKIHKM), IlyKpOBUii niabeT — y 23 ocib (14 yosoBikiB Ta 9 xi-
HOK) i KOMOpPOiIHY eHIOKPUHHY ITaTOJIOTiIO (3aXBOPIOBAHHST
IIUTOIIOAIOHO]I 31031, IIyKpOBUI AiabeT Ta rirmorajaMo-Ti-
nodizapHa qucdyHKis y pisHUX Bapialisix) — y 38 ociO.

Yacrora I'K riepebyBana B Mexax Bin 17,39 % Ha 171 TH-
peoinHoi matoJorii 1o 34,78 % 3a yMOB IIyKpOBOTO 1iabeTy
Ta 10 44,73 % 3a HaABHOCTI €eHIOKPUHHOI KOMOPOiTHOCTI
(ta6n. 2). [1pu 11boMy HasIBHICTh KOMOPOiTHOT €HIOKPUH-
HOI martoJjorii 3HauHo 30inbiuiaa yactky 'K (BiporimHo
TOPiBHSTHO 3 XBOPUMU Ha TUPEOIIHY MaTOJIOTiI0).

Tabnuys 1. PiBHi Kanbyiro B 3aranbHivi rpyni Ta 4acrora rinepkanbuiemii

iNbKi Bik, poku Ca, Mmmonb/n Ca?*, Mmonb/n YacTtoTta 'K

flokasHmk )l((';g;ﬂ::r: M : m M=m M=m n %
Yei 107 46,60 + 0,97 2,40 £ 0,02 1,06 + 0,01 32 29,91
Yonosiku 25 46,40 + 1,82 2,41 £ 0,03 1,06 + 0,01 8 32,00
HKiHKK 82 46,66 + 1,14 2,40 = 0,02 1,06 = 0,01 24 29,27
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Tabnuys 2. Yactorta rinepkanbyiemii Ta piBHi KasbLito y XBOpUX 3 Pi3HOIO €HAOKPUHHOIO NaToJsIorieto

iNLKi Bik, poku Ca, mmonb/n | Ca?, mmonb/n Yacrtota 'K
NaTonoris KinbkicTb P
XBOPMX, N Mz=m Mz=m Mz=m n %
TupeoigHa naTonoris 46 46,60 = 1,46 2,36 =+ 0,03 1,05 = 0,01 8 17,39*
LlykpoBuit piabet 23 50,83 = 1,64 2,44 + 0,03 1,07 £ 0,02 8 34,78
Komop6igHa eHOoKprHHA *
naTonoris 38 44,05 + 1,74 2,44 + 0,03 1,07 £ 0,01 16 44,73

lMpumitka: * — BiporigHicTb pisHnyi p < 0,01.

1li maxHi MoxXHa PO3LIHIOBATH SIK 30LIbLICHHS PU3UKY
I'K y xBopux i3 KOMOPOiTHOIO €HIOKPUHHOIO MaTOJIOTIEIO.

OtpuMaHi pe3yJbTaTy CBimuaTh, 1110 iCHYI04a B YKpaiHi
opranizaiiisi po60TH 3 BUSIBJIEHHSI Ta MOHITOPUHTY XBOPUX
i3 'K nmoTpebye ontumizaliii. K 3pa3oK MoXHa BUKOPH-
CcTaTy po3po0JIeHY aMepUKAaHCHbKUMU aBTOpaMUu KOHIIETI-
TyaJIbHY MOJEJIb Aii JliKapsi CUCTEMU MEPBUHHOI MEAUYHOT
IOIIOMOTH, CIIPSIMOBAHY Ha OINTHUMIi3allilo poOOTU 3 BUSIB-
JieHHs ta MmoHiTopunry TTT'TIT [1].

O6roBopeHHs

IIpu po3poOlIi BITYM3HSIHOI MO/ ONTUMI3allil BKaza-
HOi po0OTU Cc1i OpaTy 10 yBaru JOCBiN iHIIMX KpaiH. Tak,
naHi nomyssiiiiHoro nocaimkeHHs B Ll Beiiuapii [8], omyo-
JikoBaHoro B 2021 poili, CTOCYIOThCSI BIUTMBY BiKOBMX XapaK-
TEPUCTUK TALIIEHTIB Ha Mic/sIonepalliifHi yckiaaaHeHHs. 13
2642 mpoorepoBaHUX MALE€HTIB TTiCaSONepariiftHi ycKia-
HeHHs (MTOBTOPHA OTlepallisi, TMOKaIbLIEMIs, YIITKOIKEHHS
TOJIOCOBMX 3B’s130K) Bim3Havamucs B 111 Bunankax (4,2 %),
aJie 9acToTa iX He acoIIiIoBajIach i3 BikoM xBopux. [1pu oMy
Y MaLi€HTiB MOXWJIOTO BiKy KOHCTaTyBaJIM 30UIbILIEHHS TPU-
BaJIOCTi CTalliOHAPHOTO JIIKYBaHHSI ITiCJIsI OIepallii.

3a manumu E.J. Kuo i ciBaBT. [9], aHani3 ictopiit XxBo-
pobu poorniepoBanux 3 mpusony II'TIT BusiBuB, 1110 Moka-
3aHHSIM J0 OIIEPaTUBHOIO JIIKyBaHHS OYJIM BiK MEHIIIE HixK
50 pokiB, piBeHb Ca cupoBaTKu KpoBi moHan 11,3 mr/mi ta
HasIBHICTh TinepKanbliypii. BogHouac HasBHiCTH Hepo-
JIiTia3y Ta OCTEONOpo3y He BIUIMBaJIa Ha Bimbip oci® mis
ornepatiii.

V mpoBeneHoMy B ABCTpaiil IOCIiIKEHHI, HABIIAKM,
caMe OCTeoIopo3 OyB HAWIOLIMPEHIIIUM 3araJbHUM I10-
Ka3zaHHSAM 10 mapartupeoimekromii B IliBHiunomy CigHed,
mo ctaHoBUTH 27 % Bin ycix Bunankis. Lle 6ymo noBeneHo
Ha 1613 manieHTax, SKuM OyJia MpoBeIeHa apaTUpeoifeK-
TOMis 3a mepion nocimkeHHs [10].

BucHoBKMU

ITonpu niMiTOBaHY KiJbKiCTh MpoOaHalIi30BaHUX HaAMU
BUIIAJIKiB, MOXHA IIMTH AESIKUX BUCHOBKIB:

1. Cepen XBOpUX Ha pi3HY EHIOKPUHHY MaTOJIOTilO
rinepkablieMist criocrepira€rbest mpuoin3Ho B 30 % Bu-
MaJKiB.

2. CniBBiIHOIIIEHHS MiX YOJOBIiKAMU Ta XiHKaMU 3
eHpokpuHonatisMu y miarpyni 3 'K (20,0 potu 80,0 %)
€ aHaJIOTIYHMUM TTOKA3HUKY B 3arajibHiii rpymi (22,1 npotu
77,9 %).

3. HasgBHicTb y XBOpPUX €HAOKPUHHOI KOMOpPOiIHO-
cti migsunrye pusuk 'K (44,73 %) nopiBHSIHO 3 HasiBHiC-
TIo 1yKpoBoro niabety (34,78 %) i TupeoinHoOi MmaToJorii
(17,39 %).

4. lng YkpaiHu € akTyaJbHOIO MpoOjeMa CTBOPEHHS
OpraHi3aliifHOI CMCTEMM BUSIBIICHHS i ITONAJIBIIOrO MOHi-
topuHry 'K, 1110 moBMHHA MiCTUTU MPOBEAECHHST KOHTPOJIIO
piBasa Ca B cMpOBaTIIi KPOBi 3 IEPiOANIHICTIO TAKUX JOCITi-
IKeHb, MOAAIbIII MOHITOPpUHT ocib i3 'K, 3a0e3neuyBaTu
y4acTh y IIPOLIeci JliKapiB MepBUHHOI Ta CIIelliali30BaHO] JIa-
HOK MEIMYHOI TOMTOMOTH 3 KOMYHIKalli€l0 MiXK HUMMU.

Kouduaikr inTepeciB. ABTOpuU 3asiBISIIOTH TMPO BiJACYT-
HIiCTb KOH(JIKTY iHTepeciB Ta BJIacHOI (hiHAHCOBOI 3alli-
KaBJICHOCTI IIpH MiATOTOBIIi JaHOI CTATTi.

Indopmaunis npo dinancyBanna. CraTTsi BUKOHaHA Bifl-
noBigHo 10 HJIP «Po3po6ieHHs MeTOA0JIOTiYHMX TiIXO/IiB
JI0 CKPUHIHTY, MiarHOCTUKU i MEHEKMEHTY MEePBUHHOTO
rinepnapaTupeo3y IJjis pi3HUX JAHOK CHUCTEMU OXOPOHU
3mopoB’ss» (HAMH 02.21 (2021—-2023 pp.).

Buecok aBTopiB y Hanucanng ctatti. /onuaposa O.A. —
aHaJji3 Ta iHTepIpeTallis JaHWX, HAITMCAHHS CTaTTi; KOH-
LeTis i 1u3aiiH pociimkeHHs; JAyoosux B.M. — 30ip na-
HUX, peaaryBaHHs cTarTi; Yepnsecoka I.B. — 30ip naHux,
HaIyCaHHS CTaTTi.
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Primary hyperparathyroidism:
optimize the detection and monitoring
(organizational aspects)

Abstract. Background. The relevance of the study is due to the
fact that undiagnosed primary hyperparathyroidism (PHPT) sig-
nificantly increases the risk of osteoporosis and fractures, nephroli-
thiasis and renal failure, reducing the quality of life of patients. All
this necessitates the improvement of the organizational system of
disease detection and monitoring. The purpose of the study was to
assess the incidence of hypercalcemia (HCa) in patients with endo-
crine disorders and to determine the sex and age composition in the
subgroup with HA. Materials and methods. The frequency of HCa
(by total calcium and ionized calcium levels) in 107 patients with
endocrine pathology examined in endocrine clinic during Novem-
ber and December 2021 was determined, gender and age characte-
ristics, the nature of endocrine pathology in the subgroup with HCa
were characterized. The level of total calcium was determined by
photocolorimetric method using a photometer ”Solar PM 2111%,
set ”SpL* (Ukraine), the level of ionized calcium was determined

by a calculated method depending on the concentration of albumin.
Results. Among patients with endocrine pathology, HCa occurs in
approximately 30 % of cases. The ratio between men and women
is similar in the subgroups with normo- and hypercalcemia. The
presence of endocrine comorbidity in patients increases the risk of
HCa. The obtained results show that the existing organization of
work in Ukraine to identify and monitor patients with HCa needs
to be optimized. As a sample, we can use the conceptual model of
action of a primary care physician developed by American authors,
aimed at optimizing the work on the detection and monitoring of
PHPT. Conclusions. For Ukraine, the problem of improving the or-
ganizational system for detection and monitoring of HCa, which
should include deadlines for monitoring blood calcium levels, pe-
riodicity of research, further monitoring of people with HCa, pro-
vide communications to primary and specialized physicians.
Keywords: primary hyperparathyroidism; diagnosis; monitoring
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IpomHaubka H.M.", Aemiwiko b.6.", Kyas O.O.7, lNaciyHa 1.O.", benrocosa B.M.?
" A\bBIBCbKIWI HALIIOHQABHM MEANYHU YHIBEPCUTET iMEHI AQHUAQ [GnmLbkoro, M. /AbBiB, YkpQiHQ
2 KHI-1 «TepuropianbHe MeAnyHe 06 €AHQHHS M. AbBOBQ», AiKQPHS CB. [TaHTEAEMOHQA, M. A\bBiB, YikpaiHa

CKPUHIHIF MEeTA60AIYHOrO CUHAPOMY
y AiTen i niAAITKIB

Pestome. AkryanbHicte. MeTaboniyHwii cuHgpom (MC) TpakTyroTb sIK KiacTep hakTopis pu3nKy Kapgio-
BacCKynspHUX 3axBOptoBaHb Ta Lykposoro giabety (L4[) 2-ro tuny. MNowwmpericte MC y gitedi i nignitkie csrae
6-39 % 3anexHo Bif KpuTepiie ineHTugikauii. Heasaxaroun Ha 3Ha4qHy ysary, siky npuginsaiote MC y giten,
BIfICY THIVi EAVMHNI Y3roXKeHU KOHCeHCYC AJ1 Moro paHHbOro CKpuHiHry. MeTa gocnigXeHHs: BUBYNTY Opsig
i3 3arasibHOBU3HaHUMW [O[ATKOBI Mapkepu ans ckpuHiHry MC y pites i nignitkis. Matepianu Ta metoau. [jo-
CIIiKEeHHS € MPOCNEeKTUBHUM MOMNYSIAYIMHUM BUHaMIYHUM 3 METOH NePeBipKy rinote3n. Bus4eHi KniHiyHi Ta na-
60paToOPHO-IHCTPYMEHTAasIbHI MOKa3HUKK 455 ckpuHiHry MC y 155 gitesi Bikom 9—18 pokiB, siki ccoopmyBanu ABi
rpyru: rpyna gitesi 3 MC — 90 gitevi 3 MC Ha 171i ab4oMiHannbHOro OXupiHHs Ta rpyna gitevi 6es MC — 65 giteri
3 HopMasibHOK Macork Tina. Bepugpikayito MC nposogmmn 3rigHo 3 pekomeHgauismu IDF Consensus (2007).
Pesynbtarn. [ns ckpuHiHry MC nopsg i3 3aranbHoBU3HaHUMU kKputepiamu 3rigHo 3 IDF Consensus (2007) —
abfomiHanbHe OXUPIHHA 3a 06Bo[oM Tanii > 90-ro NepueHTWsIsA, piBeHb PaHiLLUHbOI rimoKo3u > 5,6 MMOIb/,
Tpurniyepvgemisa > 1,7 MMons/n, aptepiansHui Tuck > 130/85 MM pT.CT., BCTAHOBJIEHI HaubinbLL BiporigHi
[00aTKoBIi MapKepu: aHTpPOrNoMeTpuyHi (06Big Luni, 06Big CTEroH, criBBigHOLIEHHS 06Big Tanii/o6Big CTEroH,
nsoLya noBepxHi Tina > 90-ro nepyeHTUsIs po3roginy 3rigHo 3 BiKOM i CTatTio), 1a60paTopHi (paHiLLHIvi iHCYliH
> 15,0 MmOg/n, iHgekc HOMA-IR > 2,8, 3aranbHuii xonectepuH > 5,2 mmorns/n, XC JIMHL > 3,25 mmons/n, XC
JIMAHLL > 0,78 MMornb/n), reMoanHaMivHi (apTepianbHuvi TUCK 38 MOKa3HMKaMmu po3noginy > 95-ro nepyeHTs
3rigHO 3 BIKOM i CTaTTIO), LLIO CrIpUSIE PaAHHLOMY FOro BUSIBNIEHHIO. BUCHOBKM. Po3LUnpeHHs nepesiiky Mapkepis
L7189 paHHbOro CKpuHiHry MC y autadivi i nignitkoBivi nonynsayii € akTyasibHUM | CTBOPIOE OCHOBY AJ151 FIoro B4ac-
HOI KopeKUii Ta npoginakTky.

Kno4oBi cnoBa: mera6osnidHuii CuHaPOM; CKPUHIHT; OAATKOBI MapKepu; AiTw; mignitku

Bctyn

CKpUHIHT (Screening — TPOCIIOBaHHS, COPTYBaHHS) —
cTpaTerisl B opraHizallii MeIMIHOTO 3a0e3IIeYeHHS HaceIeH-
HsI, CIIpsIMOBaHA Ha BUSIBIIEHHS 3aXBOPIOBaHb Y KJIiHIYHO
0e3CMMIITOMHMX OCI0 Y MOMyJIsILii, SIKi BBAXKAIOTHCS 300PO-
BUMU. CKPUHIHT Ja€ MOXKJIMBICTb BUSIBUTH (DAKTOPU PU3KIKY,
TeHEeTUYHY OOTSDKEHICTh, paHHI O3HAKWU 3aXBOPIOBAHHS 10
MOMEHTY KJIiHIYHUX MpOsIBiB Ta c(hOpMyBaTH TPYIU PUSKKY,
SIKi MalOTh HalOUIbIIy IMOBIPHIiCTb 3aXBOPIiTH, TOMY IiIJIsI-
raloTh MOJAIBIINM JiaTHOCTUYHUM OOCTEeXXEeHHsIM [ 1, 2].

BuGip Mojaeni CKpUHIHTY (IiarHOCTUYHUX KPUTEPIiB Ta
METOAMKHU TIPOBE/ICHHS) BIUJIMBAE SIK HA MOKA3HUKHU T10-
IIUPEHOCTi TOPYIIeHb, TaK i HA Pe3yJbTaTh CKPUHIHTY B
oMy [2—4].

Merta6oniuyauit cunapom (MC) cipuiimaloTs sIK KJj1ac-
Tep (pakToOpiB PU3MKY KapaioBaCKyJSIPHUX 3aXBOPIOBAHb
Ta 1mykposoro miadety (L) 2-ro Tumy [5]. [TommpeHictsb
MCy niteit csarae 6—39 % 3a1eXXHO BiJ KpUTEPIiB iIeHTH-
dikarii [6].

HesBaxaroun Ha 3HauHy yBary, siky npuaiisitorb MC y
NiTeil, aHaji3 JaHMX JiTepaTypy CBITYUTH PO BiACYTHICTb
€IMHOTO y3TOMXKEHOTO KOHCEHCYCY MIJIsI MIOTO BUSHAYEHHS,
HEIOCTaTHIO BUBYEHICTh OKPEMUX MUTAaHb Ta AUCKYTA0ECb-
HiCTh OTpUMaHUX naHux [6]. HoBiTHI gocaimKeHHS JOBeIN
HEIOCTaTHIO e()eKTUBHICTb 3araJibHOBU3HAHUX KPUTEPIiB
y ckpuHiHry Ta giarHoctuui MC [7]. YacToTa paHHBO-
ro BusiBjieHHSI MC € pi3HOIO 3a/IeXKHO BiJ BUKOPUCTAHUX
KPUTEPIiiB 1iarHOCTUKHU, Y PE3YJIbTaTi MPEBEHTUBHI 3aX0IU
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y JiTell rpynu pu3MKy He BUKOPUCTOBYIOTHCS ITOBHOIO Mi-
poto [7]. Crin 3ayBaxkuTH, IO BaXJIMBUMM Y IIPOBEICHHI
CKPMHIHTY BU3HAIOTh €THiYHiI OCOOJMBOCTI 1IOAO MepeBa-
KaHHS (aKTOPiB KapaioMeTadoIiYHOro pU3NKY [8].

[IpukyiagoM METOMOJIOTIYHUX BiIMiHHOCTE y BU-
apineHHi MC y miTeil ciyXaTb pe3yabTaTH AOCHiIKEHHS
S.M. Andrabi et al. [9], sike BctaHOBMIIO TTomMpeHicTs MC
y IiTeil 3a KpUTepiEM HaIMIIKOBOI MacH Tija i reHepali-
30BaHOTO OXMpiHHS Ha piBHI 30,7 %, y TOM Yac AK y Ii-
Tel 3 abgoMiHaTbHUM OXUpiHHAM — 85,3 %. Kpim Toro,
yHacmigok BimcyTHocTi MC gK HO30JIOTIYHOI OOUMHUILL Y
MKX-10 (BOO3, XKenesa, 1995) BiH, a TakoX OiIbIIICTh
oro MopyueHb JUIIAITHCS HEBPAXOBAHUMU.

Mg ckpuninry MC y gmiteili peKOMEHIYIOTb HM3KY
pidHOMaHiTHUX MapkepiB [10]. Ik OCHOBHY JiarHOCTUY-
Hy o3HaKy MC y miTeli BiamoBinHo 10 MoanGiKOBaHUX 10
nutsiyoro Biky pekomeHnaniit NCEP/ATP 111 [11], AACE
[12] Ta International Diabetes Federation Consensus (IDF,
2007) [13] nmexkmnapyloThb OXUPiHHSI, K€ BBaXXKalOTh OC-
HOBHMM pu3uK-dakropom MC, iHCYTiHOPE3UCTEHTHOCTI
(IP), LI 2-ro Tumy [14—16].

JIMCKYTY€EThCSI TUTAHHS, 110 PUNHITUA SIK KpUTEpiit
MC — ingexkc macu tina (IMT), siKuii € 03HaKOO Hamd-
JIMIIIKOBOI Macu Tijla, TeHepali30BaHOTO OXUPIHHS Ta
3aByaJIbOBAaHOI0 a0JOMiHAJILHOTO OXXUPIHHS, Y a010Mi-
HaJlbHE OXWPIiHHSA, imeHTH(]iKOoBaHe 3a MePUEeHTWILHUM
posnoaisiom o6Boay Taii (OT) [17, 18]? IIporHocTUYHA
snatHicTh OT Ta iHgekcy OT/o6Bin creron (OC) Bu3Ha-
yaTu abloMiHaJIbHE OXUPIHHS € CYIIepeYIMBOIO, OCKiJIb-
KM Bipi3Hi TOUKM, 11O BUKOPMCTOBYIOTLCS IJIsSI OLIHKU
mapaMeTpiB, Pi3HATHCS B Pi3HUX MOCIIIKEHHSIX YHACTi-
JIOK €THIYHUX OCOOJMBOCTEI Ta HEIOCTaTHbHOI TOKAa30BOi
craHaapTusauii [19].

1o paHHiX MapKepiB MOPYIIEHb BYTJIEBOAHOIO OOMiHY
npu MC BinHOCATb paHIllIHIO [NIiKeMilo HaTIle, TOPYIIEHY
TOJIEPAHTHICTD J10 TJIFOKO3M Ta iX MOEAHAHHS, SIKi 00’€1Ha-
Hi TepMiHOM «mpeniadeT», 110 BKa3y€ Ha iXHIO MPOrHOC-
TUYHO HecnpusaTiuBy crapsMmoBaHicTh [20]. IIpore 3minm
PiBHS [JIIOKO3U KPOBi € 03HAKOIO PO3BUTKY OUIBIII MTi3HLOT
neviHkoBoi IP mopiBHsHO 3 rinmepiHcyiiHeMmieto Ta IP 3a
HOMA-IR, siki € 03HaKo10 OiTbIlI paHHBOI M’5130B0i [ P.

Hucninigemiss € 6a30BOI0 €TiONAaTOTeHETUYHOIO JIaH-
KOI0 Ta KiIiHiuYHOI10 o3Hakoo MC [4, 11, 18]. Baxusoio €
paHHs ineHTUdIKAaIliss HU3KY JITiIHUX 3MiH Y IiTeid, 3TiIHO
3 SIKUMU MOXJIMBO TIPOBOIUTY CKPUHIHT cCUHApoMy [21].

BusHaueHHs paHHix MapkepiB 115t ckpuHiHry MC y fi-
Tell i MiIJITKiB 103BOJISIE MAKCUMAaIbHO PaHO BUSIBUTH I10-
PYILIEHHST MeTa0OoJTi3My Ta TeMOJIMHAMIKHU, 110 CIIPUSIE CBOE-
YAaCHOMY CITOCTEPEXEHHIO i KOpeKllii, 3aro0irae po3BUTKY
YCKJIaIHEHb Ta iHBaJIiAM3a1lil XBOPUX Y MaliOyTHHOMY.

Mera pochaimkenHs. BuBuutu mopsia i3 3araabHOBM-
3HAaHMMM JOJATKOBI paHHI MapKepu sl cKpuHinry MC y
JTEH i miamiTKiB.

MarTepiaAn Ta MeToAmn

HocnimkeHHs € TPOCTIEKTUBHUM TTOMYJISILIMHAM -
HaMiYHMUM 3 METOIO IepeBipku rinmore3u. Bubipka mpen-
CTaBjeHa OIiTbMU Ta INIJIITKaMH, SIKi 3BepTaJNCh 3a Me-
JTUYHOIO IOTTOMOTO10 3 TPUBOILY COMaTUYHOI MaTOJIOTi1 200
MPOXOIWIM IIOPiUYHI MEAMYHI MPODIIAKTUIHI OTJISIN.

Kpurtepii BKIIOUeHHS B JOCHTIIXEHHS: BiK 9—18 pokiB,
HasiBHicTe MC.

Kputepii BUKITIOYEHHS: TeHETUYHI (POPMU OXUPIHHS,
MepBUHHI (DOPMU IUCTIIIAEMiil, PeryJISIpHUNA IIPUIOM JIi-
KapChbKMX 3ac00iB.

[IpuHuMIIOM po3momily AiTeld Ha rpynu Oyjaa HasB-
HicTb a00 BimcyTHicTh MC.

Ilin criocTepexxeHHsIM TiepeOyBaio 155 miteit i mimmiT-
KiB BikOM Bin 9 no 18 pokiB, siki cchopmyBanu ABi rpymnu:
rpyna aiteii 3 MC — 90 miteit 3 MC Ha T1i abq0MiHaIBHOTO
OXMpPIiHHA Ta Tpyna aiteit 6e3 MC — 65 miTeit 3 HOpMab-
HOIO Macolo TiJa.

Bik mocniimkyBaHuUX miTeil craHOBUB: y rpymi 3 MC —
15,0 (12,0—16,0) poky, y rpymi 6e3 MC — 15,0 (12,0—17,0)
poky (p = 0,845). [pynu 3a craTeBOIO 03HAKOIO HE Biapi3-
HsuMCh: xjomuukiB 3 MC 6yio 45 (50,0 %), y rpymi 6e3
MC — 41 (63,1 %) (p = 0,42).

Bepudikaniro MC npoBoaunu 3rigHo 3 IDF Consensus
(2007) [13]: HasBHICTbL a0OOMiIHAJTLHOTO OXHMPIHHS, ap-
TepiaibHOro TUCKy > 130/85 MM PT.CT., paHillIHbOI Ti-
nepriuikeMii > 5,6 MMOJIB/I Ta TrinmepTpuriinepuaemii
> 1,7 MMoJIb/1, HU3BKUX 3HAUYEHb XOJECTEPUHY JIIMOMPO-
TeiniB Bucokoi miinbHocTi (XC JITIBI) < 1,03 mmonb/a Ta
JUTS iBYATOK cTapiie Big 16 pokis < 1,29 MMoJIb/1.

[TarieHTam npoBeneHo BU3HAUEHHST MacH Tijla, 3pOCTY,
oosony mui (OL), OT, OC, ingekcy OT/OC, noiui no-
BEpPXHi TiJIa. AHTPOIOMETPUYHI BUMipy MPOBOIWIM 32 3a-
TaJIbHONTPUIAHITOIO METOAUKOIO.

BinpizHOlO TOYKOI0O [MiarHOCTMKW a0JIO0MiHAJIbHOTO
oxxupiHHs Oyau 3HadeHHs OT > 90-ro mepleHTuIs 3ria-
HO 3 BIKOM 1 CTaTTIO, a JUISl AiBYATOK CTapiie Bix 16 pokiB
> 80 cM, murst xJmomiiiB > 94 cm [13].

INokasnuku rinepincyninemii tTa IP BcraHoBmoBa-
JIW 3TiTHO 3 JaHWMU TPYMU KOHTPOJtO. SIK Bifpi3HY TOY-
Ky rinepiHcysiHeMili B34TO 3HauyeHHS 90-ro mnepueHTU-
JIg, IO TIPU CEPEeTHbOMY 3HAYeHHI IUTS TPYIU KOHTPOJTIO
8,00 + 6,95 mxOp/n cranoBuio 15,0 MkOn/n. K BimpizHy
touky iHmekcy HOMA-IR B3siTo 3HaueHHs 2,8 ox. (cepen-
HE 3HaYeHH# y rpyti aiteit 6e3 MC 1,65 + 1,19 ox.).

PiBenb nimiaiB KpoBi OLliHIOBAIU 3TiAHO 3 peKOMEHIa-
uissmu NCEP/ATPIII [11]. PedbepeHTHUMU 3HAYEHHSIMU
oymu st 3XC < 5,2 mmonb/a, XCJITTHII < 3,25 MMoJb/1,
XCJIMIAHII < 0,78 mmonb/a, A < 3,0.

AptepianbHuii Tuck (AT) BuMipoBaJud 3a METOIOM
Kopotkosa. Bepudikaiiro aprepiaabHOI TinepTeH3ii 3miii-
cHioBanu 3rimHo 3 Hakazom MO3 VYkpainu Ne 362 Bing
19.07.2005 p. «I1po 3aTBepmXeHHS MPOTOKOJIB JiarHoc-
THKU Ta JIKyBaHHS apTepiaJibHOI TinmepTeH3ii y aiTel i mim-
JIITKiB» 3i 3MiHamMu, BHeceHMMHU 3TigHO 3 Hakazom MO3
Ne 762 Bim 20.11.2015 p., Ta manumu National High Blood
Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth
report on the diagnosis, evaluation, and treatment of high
blood pressure in children and adolescents (JNC7, USA)
MPpU MOKA3HUKAaX, OUIBIIMX Bil 95-TO MepLEHTUIST PO3IO-
IIiJTy BiIIMOBIIHO /10 CTaTi, BiKy Ta MepLeHTUIs 3pocTy [22].

[TpoToKo mocaimKeHHs CXBaJeHUM pillleHHSIM KOMicil
3 eTuku JIbBIBCHKOIO HalliOHAJIBLHOTO MEIMYHOTO YHiBEp-
curety iMeHi JaHuna [anuubkoro, y SKoMy MpoOBOAUIOCH
nociimkeHHs (mpotokoi Ne 8 Bim 02.03.2021). Iepen npo-
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BEIEHHSIM 00CTEeXXEeHHS Bil 0aTbKiB, OIIKYyHiB Ta CaMMX [Ii-
Teil oTprMaHa MMCbMOBa iH(OPMOBaHa 3rojia Ha y4acTb Yy
JOCJTIIKEHHI.

CratucTnyHy 00pOoOKY OTPMMAHOTO MaTepialry IIpOBO-
AN 33 JOTIOMOT'OI0 iHTETPOBAHUX CUCTEM JIJISI KOMIUIEK-
CHOI'O CTaTUCTUYHOIrO aHajidy Ta 0OpoOKM maHux Statis-
tica 10.0 (StatSoft Inc, USA). HopMmanbHicTh posnofiny
BCTaHOBIIOBaM 3a KpurtepieM Shapiro-Wilk-Test. ITapa-
METPUYHMMM BBaXKaJMch MOKa3HMKHU mpu p > 0,05; He-
napameTpudHuMu — 1ipu p < 0,05. 3a HemapaMeTpUYHO-
ro XapakTepy pO3MOIiy MapHe MiKIPyHOBE ITOPIiBHSIHHS
KiJTbKICHMX TTOKa3HUKIB MPOBOAWIOCH i3 BUKOPUCTAHHSIM
U-kpurtepito ManHa — YiTHi, 3a mapaMeTpUYHOIO — 3 BU-
KopucTtaHHsIM t-kputepito CtelogeHTa. Pe3ynbratu nonaHi
SIK MelliaHa i3 3a3HAYeHHSIM MiKXKBapTWJIbHOIO PO3Maxy
(25-11 i 75-11 mepueHTWII). Y BCiX IIpoLieaypax CTaTUCTUY-
HOTO aHaJIi3y po3paxoByBav MOKAa3HUK BipoTiTHOCTI p. Bi-
POTiTHUMU BBaxKaauch mokasHuku mpu p < 0,05.

PesyAbTaTH

IMoka3nuku macu Ttina miteir 3 MC B 1,6 paza ta IMT B
1,5 paza (p = 0,0001) nmepeBulllyBaay aHAJIOTiYHi TOKA3HU -
ku (p = 0,0001) niteit 6e3 MC (tab. 1).

IIpy TmOpiBHSIHHI iHIIMX aAHTPONOMETPUYHUX I10-
ka3HukiB niteir 3 MC Ta 6e3 MC: OLL (p = 0,001), OT
(p = 0,001), OC (p = 0,001), cniBBigHomeHHs1 OT/OC
(p = 0,001) ta rromi moBepxHi tina (p = 0,001) — BcTa-
HOBJIEHA BUCOKOTO CTYTEHSI BipOTiIHICTh Pi3HMIII.

V niteii 3 MC piBeHb iIMyHOPEaKTUBHOTO iHCYJIiHY, SIKUIA
JTa€ 3MOTY OLIHUTHU YyTJIUBICTh MepuUdEepUUHUX TKAHUH 10
iHCyJiHY, TiepeBUIllyBaB y 1,8 pa3a aHaJIOTiyHUII MOKa3-
HuK giteit 6e3 MC (p = 0,001) (Ta6xa. 2). BomHouac piBeHb
paHilIHbOI IoKo3u 0yB y 1,2 paza Bumum (p = 0,001),
innekc HOMA-IR B 1,6 pasza sumum (p = 0,001), ingekc
rItoKo3a/iHcyiiH B 1,3 pasa HuskuuM (p = 0,039), HiX y 1i-
Teit 6e3 MC.

AHaJIi3 MOIMPEHOCTi MOPYIIEHD BYIJIEBOIHOIO OOMIHY
BCTAaHOBUB, 10 y Aiteir 3 MC rinepincyninemist (45,1 %)
BUsIBJIsUTAach y 6,0 pa3a yacTiie, Hix y aiteii 6e3 MC (7,4 %;
p = 0,002). Yacrora paHilHboi 6a3abHOI TiMepriikeMii y
niteit 3 MC giarnoctoBana y 4,7 pasa (25,0 %) vacriie,
Hix y niteit 6e3 MC (p = 0,009). BiporigHa pi3Huls B yac-
TOTi BUCOKUX 3HaueHb iHaekcy HOMA-IR crioctepiranach
y miteit 3 MC (39,4 %) i miteit 6e3 MC (7,4 %; p = 0,001).

AHaJi3 MOKa3HMKIB JiligHOTO 0O0MiHy y miteit 3 MC
BUSIBUB BiporinHy pizHulio y piBHi 3XC (p =0,003), XC

Tabnuysi 1. AHTPONOMETPUYHI NOKa3HUKMN ABiTeN 3 MeTabosliYHUM CUHBPOMOM

Moka3Hunkn .Eli;M=3ggIIC mT:: 2e635MC P

Maca Tina, kr 78,0 (63,0-93,0)* 49,6 (40,5-58,0)* = 0,001
3picT, c™m 165,2 (152,0-175,0) 157,7 (148,0-170,0) =0,632
IMT, kr/m? 28,7 (25,1-31,2)* 18,6 (16,5-20,5)* =0,0001
O6Big Wwui, cm 35,0 (33,0-38,0)* 31,2 (29,0-33,0)* = 0,001
O6eig Tanii, cm 89,5 (80,0-96,0)* 65,4 (61,0-70,0)* = 0,001
O6BIif cTeroH, cm 107,9 (101,0-111,0)* 83,4 (76,0-91,0)* = 0,001
CniBBigHoLLEHHS 06BiA Tanii/o6sig cTeroH 0,86 (0,81-0,88)* 0,78 (0,74-0,83)* =0,01

Mnowa noBepxHi Tina, m? 1,90 (1,66-2,12)* 1,5 (1,25-1,65)* = 0,001

Mpumitka: * — pisHuys mix rpynamm gitevi 3 MC ta 6e3 MC.

Ta6bnuys 2. [loka3HUKN ByrneBog4HOro Ta NinigHoro oomiHy y gitevi 3 MetabosiiYyHUM CUHAPOMOM

Litn 3 MC

Litn 6e3 MC

lMoka3Hukun n =90 n=65 P
PiBeHb paHiLLIHBOT FOKO3K, MMOSIL/N 5,1 (4,5-5,6)* 4,3 (4,0-5,0)* = 0,001
PiBeHb iMmyHOpeaKTMBHOrO iHcyniHy, MmOg/n 13,08 (6,8—-15,4)* 7,7 (1,8-11,5)* = 0,001
IHpekc HOMA-IR, ym.og. 2,36 (1,61-2,52)* 1,51 (0,98-2,1)* =0,001
IHOEeKc rnoKo3a/iHeyniH, ym.oa. 0,41 (0,27-0,7)* 0,53 (0,38-1,74)* = 0,039
3XC, mmonb/n 4,36 (3,5-5,3)" 2,89 (2,85-4,18)* = 0,003
XC JTNBLU, mMonb/n 1,3 (1,0-1,8) 1,3 (0,9-1,7) = 0,549
XC JTNHLL, mmonb/n 2,51 (1,72-3,06)* 1,8 (1,44-2,33)* = 0,007
XC NNAHLL, mmons/n 0,5 (0,41-0,72)* 0,43 (0,32-0,55)* =0,012
T, Mmonb/n 1,10 (0,90-1,61)* 0,97 (0,7-1,20)* = 0,021
CnisBigHoLueHHs 3XC/XC JTNBLL 3,17 (2,52-4,06)* 2,73 (2,28-3,11)* =0,016
CniseigHoweHHsa TI/XC JTNBLY, 0,8 (0,59-1,54) 0,75 (0,54-1,04) =0,308
IHOEeKC aTeporeHHOCTi 2,1 (1,7-3,01)* 1,7 (1,27-2,06)* =0,013

Mpumitka: * — pisHuys mixx rpynamm gitevi 3 MC ta 6e3 MC.
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JITHLLL (p = 0,007), XC JIIOHLL (p = 0,012), Tpuriiue-
punis (TT) (p = 0,021), cniBimHomenHi 3XC/XC JITIBILL
(p=0,016) Ta IA (p =0,013).

IIpu mopiBHSHHI 9acTOTU HiarHOCTUKM BUCOKMX 3HAa-
yenb 3XC (32,9ta 7,4 %; p=0,003), XC JIITHIII (16,4 Ta
1,9 %; p=0,009); XCJITIAHIII (38,8 ta 14,8 %; p = 0,009)
ta TI (38,8 Ta 14,8 %; p = 0,009) BcTaHOBJIEHO BipOTia-
Hy pizHu0. YacToTra BUSIBICHHS HU3bKUX 3HauyeHb XC
JITIBILI cranosuna jvme 32,9 % y miteit 3 MC ta 28,1 % y
rpymni 6e3 MC (p = 0,720).

V nireit 3 MC cucroniunuii (CAT) ta miacTomiyHuii
(IAT) apTepianbHUii TUCK OyJIM BipOTiIHO BUIIIMMM, HiX
y miteit 6e3 MC (p = 0,0001). [Tokazuuku AT > 130/85 Mmm
pT.cT. BUsiBIEeHi y 55 (61,1 %) niteit 3 MC (p = 0,001), y Toit
yac sk y gireit 6e3 MC nokaszHuku AT Oyiu B Mexax HOp-
MaJIbHUX 3HaYeHb 3TiTHO 3 BiKOM, CTAaTTIO Ta MEePLUEHTUIEM
3poCTy. ApTepiajibHa TillepTeH3isT BCTAaHOBJICHA JINIIE Y i~
teii 3 MC (p =0,0001).

O6roBopeHHs

MC y ngiteit i MiWITKIB € aKTyaJbHOI MEIUYHOIO
npo6JIeMOI0 BHACIIIOK MOIIMPEHOCTI cepell TUTSIY0ro Ta
MiIJIITKOBOTO HAcCeJIeHHs!, BUAHUKHEHHSI MEeTa0OoJIiYHUX Ta
reMOJIMHAMiYHUX YCKJIaJHeHb, IAaTOreHEeTUYHOTO Hera-
TUBHOTO BIUIMBY Ha PO3BUTOK CEPLIEBO-CYIUHHUX 3aXBO-
proBaHb Ta LIJI 2-ro Tumy.

3HayeHHsI OXHUPiHHS SIK TMEepUIONPUYMHU Ta 0a30BOI
o3Haku MC BBaxatoTh criipHuM [23]. OXUpiHHS CIpUii-
MA€EThCS ICSIKUMU aBTOPAMU «CypPOraTHUM», TOOTO TaKUM,
110 CYMPOBOIXYE abO CIpHUsiE PO3BUTKY OCHOBHUX Tia-
TOTEHETUYHUX MEXaHi3MiB, ajie He € JUIsi HUX 000B’SI3KO-
BUM. CTBepIXYIOTb, 1110 OXHUPIHHS X0Y i 1iaTHOCTYIOTh Y
3HAYHOI KibKoCTi fiteit 3 MC, aje iloro BifICYyTHICTb He
pukiouae MC [23]. ¥V npoBeneHOMY AOC/IIXKEHHI MPU T10-
PIBHSIHHI OCHOBHHUX QHTPOIIOMETPUYHMX ITOKA3HUKIB [Ii-
teit 3 MC ta 6e3 MC: IMT, OILI, OT, OC, ingekcy OT/OC
Ta ILJIOIIII TOBEPXHi Tijla — BCTAaHOBJIEHA BUCOKOTO CTYIICHS
BiporigHicts pisHuti (p = 0,001). OTpumaHi g1aHi cTBOpPIO-
I0Th MiICTaBy BBaXaTH, 110, KPiM BicLiepabHOI >KUPOBOI
TKaHWHMU, sKa BiIirpa€ IPpOBimHY posb y maroreHe3i MC,
BUCTYIIalOUM TMOTYXHOWO netepMmiHaHTowo IP, areporeHHOl
OUCTiIiAeMii, Mpo3anajabHOro Ta IIPOTPOMOOTUYHOTO CTa-
Hy [21], 3HaUHUIi BIUIMB HA PO3BUTOK CUHIPOMY CITPaBJIsSIE
reHepalizoBaHe OXUPiHHS i 6e3mocepeaHbO Oila MiaLKip-
Ha >XMpOBa TKaHWHA.

Otxe, n1s1 CKpUMHiHTOBOi oiliHku MC y miteii mopsia
3 OT, gxkuii BBaXXaloTb OCHOBHUM MapKepOM CKPHMHIiHTY
CUHAPOMY Ta KapJlioBacKyJSIpHUX 3aXBOPIOBaHb Ha TOIY-
JISILiiHOMY PiBHi [5], MOXJIMBO BUKOPUCTOBYBATH iI€HTH-
¢ikoBaHi aHTPOITOMETPUYHI TTOKA3HUKU.

V npoBeneHoMy IOCTiIKEHHI JOBEAEHO, 110 AT JiTei
3 MC xapakTepHi rirepiHcymiHeMis, rimepriikemis ta 1P,
sKa MaJjla BUIIMK piBEHb BipOTiMHOCTI MpPH IigpaxyHKy 3a
inmekcoM HOMA-IR, HixX 3a iHIEKCOM TJII0K03a/iHCYJIiH.
BussieHi gaHi gaoTh migcTaBU CTBEPIKYBATH, IO TIOPY-
IIEHHsT CeKpellil Ta yTuii3allii iHCy/lIiHy BiporinHo Oijibliie
BupaxeHi y miteit 3 MC, Hix y miteir 6e3 MC. BimHocHO
HEBUCOKUI piBEeHb, TPOTE HASIBHICTD TiMepiHCYIiHEM] y TTi-
teii 6e3 MC (39,4 npotu 7,4 %; p = 0,001) MOXJIMBO MosiC-
HUTH dizionoriyHoro IP mybepraTHOTO IIEepiony.

YacTtora BUSIBJIEHOI paHillIHLOI Oa3ajbHOI Tirepriike-
Mii y aiteit 3 MC (25,0 %) BinroBinae JlitepaTypHUM JaHUM
100 HAsIBHOCTI MOPYIIEHHS TOJIEPAHTHOCTI O TIIIOKO3M i
po3BuTKY [Py miteii 3 oxxupiHHsaM Ha piBHi 9,5—25,0 % [24].

OTpuMaHi I1aHi MiaATBepIKYIOTh, 110 TilepiHCYIiHeMis,
IP Ta rinmepriikeMisi KOPEKTHO TOBOASATH HASIBHICTD Y TH-
tuHu MC [25]. YHacnigok Oiiblll BUCOKMX aOCOIIOTHUX
3HAYCHb i OUIBIIOI YACTOTHU AiaTHOCTUKMU TillepiHCYTiHEMIl
ta [P 3a innekcom HOMA-IR, HixX rinepriikemii HaTie y
niteit 3 MC, moBeneHO MEPBMHHICTD i MPIOPUTETHICTD iX
BU3HauYeHHs y ckpuHiHry MC. BkiitoueHHsI B CKpUHIHT Ti-
nepiHcyaiHemii, Haanoporosux 3HadueHb HOMA-IR Ta iH-
JIEKCY TJIF0KO03a/iHCYJTiH 301IbIIIyE IMOBIPHICTh BUSIBJICHHS
MC'y niteii [7].

3MiHaMm JimigHoro criekrpa Kposi npu MC npuaiisioTh
yBary BHACJIJOK iX 3HAYyIIOi posi y popMyBaHHI aTepo-
renHoro noteHuiany MC. [IpoBeneHuii aHalli3 MOKa3HU-
KiB JiimigHoro oominy y niteit 3 MC BusBuB nopsia 3 TT
BIpOTiHY Pi3HUIIIO y PiBHI JiMiAiB i JimigHuX (pakiliid,
sIKi He BHEeCEHi 40 MixkHapoaHux pekoMmeHmamiii: 3XC, XC
JIMMHII, XC JIMAHII, inpekc 3XC/XC JITBILL ta 1A,
o Biamosigae ganuM Y. Zhao et al. [26]. OTpumani mani
Y3roIKyIOThes 3 pesynbsraTamu Bogalusa Heart Study, ske
BcTaHOBWJIO y 2,4—7,1 pa3a Buii piBHi 3XC, XC JIITHIII
y IiTe#t 3 OXXKUPiHHSIM IMOPiBHIHO 3 HiThbMU 3 HOPMAaJIbHOIO
Macolo Tina [8].

PiBeHs i yacToTa miarHOCTMKM BUCOKMX 3HaYeHb 3XC,
XCJITHII, XCJIMAHILI, TT, cniBBinHO1meHHss 3XC/XC
JIIBII ta IA m0BOAATH HASIBHICTH IIMPOKOrO CIIEKTpa
3MiH JIMiAHOTO OOMiHY i TOUITBbHICTh BUKOPUCTAHHS 1X Y
CKpMHiHTY cuHapoMy. [IpoTe y nmpoBeneHOMY OOCTiIKEeH-
Hi He BCTaHOBJIEHO BiporigHoi pizHuii y piHi XC JITTBILL
ta crniBBigHoueHHi TT/XC JITIBIL. YactroTa BUsiBACHHS
Hu3bkux 3HadeHb XC JITIBI cranoswmia nuie 32,9 % y
niteit 3 MC ta 28,1 % y rpymni 6e3 MC (p = 0,720). Y Hamo-
My JOCJIIXKEHHI HEe BIAJOCS TOBECTHU, 1110 Y iTeld HU3bKI
sHaueHHs XC JITIBILI € mapkepom MC.

Otxe, I cKpuHiHTY Yy Aiteidr 3 MC MOXJIMBO BUKO-
PUCTOBYBaTH HaAIIOPOTOBi 3HAUEHHS TOJATKOBUX MapKe-
piB, Takux sk 3XC, XC JITTHII, XC JITTAHLI, innexc
3XC/XC JIMNBILL ta 1A, He3Baxkaouu Ha 3arepevyeHHs 10
iX BUKOPUCTaHHS BHACHIZOK TBEPIKEHHS MPO HETOCTili-
HICTb 3MiH B OKpeMMX ITOCITiIKeHHX [13].

o cTtocyeTbcst reMoanHamiuHOi ckiagmoBoi MC, To
nokazuuku AT > 130/85 MM pT.cT. BUsIBIEHi aulie y 55
(61,1 %) niteit 3 MC (p = 0,001), y Toii yac sIK y miTeii 6e3
MC noxkaszauku AT He nepeBHUITyBaIi BIKOBOTO PO3ITOIi-
JIy 3a BIKOM, CTaTTIO Ta MepleHTUIeM 3pocTy. YacTora mia-
THOCTHMKU apTepiajbHOI rinepTeH3sii y aiteii 3 MC BiporinHo
TepeBUIIyBajia MOKa3HUKM AiTeil rpynu KOHTPOJIIO, Y SIKUX
apTepiajibHa rinepreH3sis He Oysa BctaHoBieHa. [loTpebda y
Bu3HaueHHi AT 3a mokasHuKaMu Oiibiiie 95-T0 MeplueHTH -
JIsL 3TiTHO 3 BiKOM, CTaTTIO Ta MEPLIEHTUIIEM 3POCTY TMOJIsI-
ra€e B TOMY, 110 y AiTe#t 1o 12 poKiB Lieii ITOKa3HUK HIKINI
3a 130/85 MM PT.CT., 1110 NMPU3BOAUTH 10 HETOOIIHKU Te-
MOIMHAMIYHMX 3MiH y AiTel 1i€i BikoBoi rpynu. OTxe, AT
> 130/85 MM PT.CT. Ta 1OIATKOBUII MapKep apTepiaabHOI
rinepreHsii 3a mokazHukamu AT Buile 95-ro mepLeHTUIs
PO3IIOATY CIIiI BiZHECTU IO BipOTiMHUX MapKepiB CKpH-
HiHry MC y nmiteii i minmiTkis [25].
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BMCHOBKMU

1. Ins ckpuninry MC mopsia i3 3araJlbHOBU3HAHU-
mu o3Hakamu 3rimHo 3 IDF Consensus (2007): abmpomi-
HajgbHe oxupiHHsa 3a OT > 90-ro mepueHTWISI, piBeHb
paHilIHbOI TMIOKO3W > 5,6 MMoJb/h, piBeHb TI Kposi
> 1,7 mmonb/n, AT > 130/85 MM pPT.CT. — BCTaHOBJEHI
HaNOULIBII BipOTiIHI JOJATKOBI MapKepu: 00BiJ 1111, OOBI
CTErOH, CITiBBiHOLIEHHSI OOBiJ Taslii/00Bia CTEroH, mio-
111a TIOBEepxHi Tijia > 90-T0 TepLUeHTW IS PO3IOALTY, paHilll-
Hi#l iHcynin > 15,0 mOn/n, inneke HOMA-IR > 2.8 on.,
3XC > 5,2 mmonp/n, XC JIITHIL > 3,25 mMonb/n1, XC
JITIAHILL > 0,78 MMoab/1, apTepialbHUI TUCK 3a TTOKa3-
HUKaMHU > 95-T0 NEPUEHTUIIS PO3MOILTY.

2. PosmupeHHs1 nepeniky mapkepiB MC nist iioro
PaHHBOIO CKPUHIHTY B IUTSAYilM Ta MiJUTITKOBIN MOMYJIsIIii
€ aKTyaJIbHIM i CTBOPIOE OCHOBY IS BYACHOI KOPEKIIii Ta
NpodiIaKTUKKY CUHAPOMY.

Konduikr inrepeciB. ABTOpM 3asiBJSIOTH PO BifCYT-
HiCTb KOH(UIIKTY iHTepeciB Ta BiacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI ITpY MiATOTOBII JaHOI CTATTi.

BHecok aBTopiB y HamucaHHd CcTaTTi. [pomHayb-
xa H.M. — 30ip maHux, aHaJli3 Ta iHTepHpeTallis JaHUX,
HaMUCaHHS CTATTi; KOHUEMNUis i Au3ailH AOCTiIKEeHHSI;
Jlemiwko B.b. — penaryBaHHsI CTaTTi, OCTaTOYHE 3aTBEp-
TKeHHs1 ctatTi; Kyas 0.0. — nusaiiH nocHimkeHHs, 30ip
JliTepaTypHUX NaHWX, HanucaHHs ctarti; llaciyna 1.0. —
JIiTepaTypHUil OIJISIA, HAITMCAHHS CTaTTi; hearocosa B.M. —
30ip naHuX, JiTepaTypHUI OTJISII.
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Screening of metabolic syndrome
in children and adolescents

Abstract. Background. Metabolic syndrome (MS) is perceived
as a cluster of risk factors for cardiovascular disease and type 2
diabetes. The prevalence of MS in children and adolescents rea-
ches 6—39 % depending on the identification criteria. Despite
the considerable attention paid to MS in children and adoles-
cents, there is no unified agreed consensus on its early screening.
Consequently, the purpose of the study was along with the gene-
rally accepted criteria evaluate additional markers for MS early
screening in children and adolescents. Materials and methods.
A cross sectional study was conducted with 155 children aged
9—18 years, which formed 2 groups: a group of children with
MS — 90 children with MS on the background of abdominal
obesity and a group of children without MS — 65 children with
normal body weight. Clinical (antrometric data, blood pressure)
and laboratory (fasting glucose, fasting insulin, lipids) parame-
ters were assessed. MS verification was performed according to
the recommendations of the IDF Consensus (2007). Results. For

MS screening in addition to the generally accepted criteria accor-
ding to IDF Consensus (2007): abdominal obesity (waist circum-
ference > 90™ percentile according to age and gender), fasting
glucose > 5.6 mmol/I, triglycerides > 1.7 mmol/1, blood pressure
> 130/85 mm Hg, the most probable additional markers were es-
tablished: neck and hip circumference, waist/hip ratio, body sur-
face area > 90™ percentile of distribution according to age and sex,
fasting insulin > 15.0 mU/l, homeostasis model assessment for
insulin ratio (HOMA-IR) > 2.8, total cholesterol > 5.2 mmol/I,
LDL-C > 3.25 mmol/l, VLDL-C > 0.78 mmol/I, blood pressure
in terms of distribution > 95™ percentile, which contributes to its
early detection and correction. Conclusions. Expanding the list of
MS additional markers for its early screening in the pediatric and
adolescent population is relevant and provides a basis for its time-
ly correction and prevention.

Keywords: metabolic syndrome; screening; additional markers;
children; adolescents
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CopokmaH T.B., Makaposa O.B., Ocranyyk B.I.
BYKOBUHCHKI ACDIKABHU MEAVNYHWI YHIBEpCUTET, M. YepHiBLi, YkpaiHa

NMOKA3HUKN MEAATOHIHY B CAUHI
AIBYOT-MIAAITKIB i3 CUHAPOMOM
NMOAIKICTO3HUX S€YHUKIB

Pe3tome. AkrtyanbHicTs. ®opmyBaHHs cUHBPOMY MOMIKICTO3HMX AeqHuKiB (CITKS]) Ta MaHipecTauis ¥ioro Kiii-
HIiYHMX MPOSIBIB 4ACTO PO3rOYMHAKOTLCA came y MigyliTkoBoMy Bili. OcTaHHIMU poKamy OfHUM i3 HOBUX Ta cydac-
HUX HarnpsiMiB y BUBYEHHI MOpyLLIEeHb PernpoayKTUBHOI (hyHKUII € npobiema BBy MefiaToHiHy Ha roHagoTpOrnNHy
yHkuito rinoghiza (oBapioreHes). MeTa fOCNiAXEHHSA: BU3HAYUTY PIBEHL MENATOHIHY B C/MHI JiB4aT-MnigsiTKIB i3
ClIKS5. Matepiann Ta metoau. [MpoBefeHO 04HOLEHTPOBE MNPOCHEKTUBHE MPOCTE PaHAoMI30BaHe AOCIIAKEHHS
3 obcTexeHHsIM 23 nauyieHTok Bikom 14—18 pokis Bkto4HO i3 CIKSA. [pyny KOHTposo ctaHoBum 25 giB4aTok
aHa’sioriyHoro BIiKy 6€3 ropyLLeHb MHeKos1I0riHHoro crTatycy. BusHa4eHHs piBHSI MenaToHIHy B CIIMHI MpoBOANIIO-
C5l MEeTOAOM BUCOKOEEKTUBHOI piAnHHOI Xpomartorpaii 3 TaHAEeMHOI Mac-crieKTpomeTpiceto. lNalieHTku nepes
3abopoM crivHU 3a fo6Yy Ta MpoTsroM yCcboro nepiogy 3abopy CAVHU BUKITIOYAIN BXUBaHHSA KOGEIHY, anKkorosto,
Yi3n4HIi HABaHTa)XeHHS1, & TaKOX HE KYpuiiv BIIPOJOBX roAnHv nepes 3a60pom, HEe YACTUIIU 3Y6iB, HE BUKOPUCTO-
ByBasm 3y6HOI HUTKW, OMOJIICKYBa4iB NMOPOXHUHW poTa Ta XyBasbHoi rymku. Pe3ynbratu. BiporigHux BigmiH-
HOCTEV 3a BIKOM fiB4ata OCHOBHOI rpynv Ta rpynv rnopisHsIHHA He manu (16,70 + 0,11 poKy B OCHOBHIV rpyni Ta
16,90 + 0,14 poky y rpyni nopiBHsiHHSA, p > 0,05). HavidacTiwmmu cumnromamu ClrKS y piB4at 6ynu: rinomeH-
cTpyanbHuii cuHapom (86,9 %), nepmonaris (82,6 %) Ta ripcytmam (60,8 %). Y gisyart i3 ClKS 6ynu BiporigHoO
BULL)i NOKa3HWKKM MenaToHiHy B crimHi (03:00) (28,89 [18,17; 46,53] nr/mr), HiX y giB4at rpynv nopisHsiHHS (12,07
[11,56; 16,27] nr/mn, p < 0,01). BiporigHoi pi3Hnyi B piBHSIX MENaToHiHy B CIIMHI 3a51eXXHO Bif BiKYy HE BCTaHOB-
J1IeHO. BucHOBKM. Pe3ynibTatn JOCNIIKEHHST BKa3yrTb Ha MOPYLLUEHHST FTOPMOHasIbHOro 6anaHcy rnpy cuHOpoMmi
rOMIKICTO3HUX AEYHUVKIB, 30KpeMa nigBULLEHHS PIBHS MESIaTOHIHY, L0 BKa3ye Ha HEOOXIAHICTb MOro BU3HAYeHHS
B rpoLeci [iarHOCTUKM Ta JIiKyBaHHS.

Kntou4oBi cnoBa: gisyara-nignitku; cuHApOM MosikiCTO3HUX SEYHMKIB; MenaToHIH

Bctyn

®dopMyBaHHSI CUHAPOMY ITOJIIKICTO3HUX SIEYHUKIB
(CIIKS$) Ta manidecralist iioro KJIiHIYHUX TTPOSIBIB 4acTO
MOYMHAIOTBCS caMme y IMimTiTkoBoMy Bii [1]. Bimomo, 1o
nyoepTaTHUI BiK € MEPiooM Ba’KJIMBMX 3MiH B OpraHi3-
Mi, 30KpeMa OCTaTOYHOIO CTAHOBJIEHHSI PEeNpOIyKTUBHOI
yHKIIii, TiTOpoAHOTrO MPOTHO3Y Ta (hepTuibHOCTI. CTaTyc
JIOPOCINX OaraTo B YOMY 3aJIEKUTh Bil TOTO, HACKIJIbKU
TMOBHOIIIHHO Tepebirae Ta CIpUSITIIMBO 3aBEPIIYETHCS T1e-
pion crareBoro no3piBaHHs [2]. [TommpeHicTsb rinepaHapo-
TeHHUX CTaHiB Y NiBYATOK-IMiUTITKIB cTaHOBUTbL 4—7,5 % [3].

Erionorist naHoro cuHapoMy noci He 3’sicoBaHa i Xa-
PaKTEPU3YETLCS BUCOKUM CTYMEHEM TeTepOreHHOCTI.

BrponoB:x 6araTboX poKiB BUCYBAIMCSI YHMCJIEHHI TiloTe-
3u mwono npuunH CIIKS, HaiiOinbIn BU3BHAHMMMU 3 SIKHUX €:
LIEHTpaJIbHA, iHCYJIiIHOBa, SIEYIHUKOBA a00 HaTHUPKOBA [4].
Ha cboromHi BBaxaeThcsl, 1110 3aXBOPIOBAHHST PO3BUBAETh-
csl BHACIIIIOK HEHMPOSHIOKPUHHOI, META0OIIYHOI Ta SI€Y-
HUKOBOI AMCPYHKILH [5] Ha 6a3i reHETUYHUX MOPYILEHb,
TaK 3BaHMX (DEPMEHTOMATI, 110 TIPU3BOISITH 10 aKTUBALIil
crepoigoreHesy B seyHUKax [6, 7].

Buznauutu nommpenicte CIIKSA cepen miBuat-minm-
JIITKIB HUHI CKJIAJIHO Y 3B’SI3KY 3 BiJICYTHICTIO BipOTimTHUX
KPUTEPiiB MiarHOCTMKY Ta HEAOCTAaTHbHOIO YBaroro A0 Ma-
HiecTalii eHIOKPUHHO-METa00IIYHNX MPOSIBIB Y ITy0dep-
TaTHOMY Tiepiofi. HeoOXigHicTh paHHBOI MiarHOCTUKH,
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BU3HAYEHHS KJIiHiYHO 3Hauyux mapkepiB CI1K4 ta iioro
MPEIMKTOPIB Y MALIIEHTOK TiTITKOBOTO BiKy BUMAarae Io-
IJIMOJIEHOTO BUBYEHHSI Pi3HUX €HIOKPUHHUX Ta MeTabo-
JIIYHUX MTopyieHb. OCTaHHIMHU pOKaMU OTHUM i3 HOBHUX Ta
Cy4aCHUX HaIpsIMiB y BUBYEHHI MOPYIIEHb PEMPOAYKTUB-
HOI (PYHKIIii € TIpo0ieMa BIUIMBY MeJaTOHiHY Ha TOHalI0-
TporHy ¢yHKIIito rinodiza (oBapioreHes) [§—11]. 3Baxa-
I0YM Ha HAsSBHICTh KOpPEJIsILii piBHS MeJIaTOHIHY y HiYHii
CIIMHI Ta KIOTO MeTa0oJIiTy B JOOOBIIA cedi, TSI IPOBEACHHSI
NiarHOCTUYHOTO TMOIIYKY MOXJIMBO BUKOPUCTOBYBATH HE-
iHBa3MBHiI METONMKY BU3HAYEHHS MeJIaTOHiHASPIIMTHOTO
CTaHy, 1110 Ma€ TepeBaru Mpu MpOBEIeHHI TOCTiKeHHS B
IUTSYOMY Ta ITiUTITKOBOMY Bili [12].

Mera nocJimKeHHs: BU3HAYWUTU PiBEHb MEJATOHIHY B
CIMHI fiBvyat-mianiTkis i3 CITKA.

MartepiaAn Ta meToamn

ITpoBeneHe OMHOLIEHTPOBE MTPOCIIEKTUBHE MPOCTE paH-
JIOMi30BaHE IOCITIKEHHSI 3 OOCTeXKEHHSIM 23 MalliEHTOK
BikoMm 14—18 pokiB BkmouHo i3 CIIKA. Ipyny KoHTpoio
CTAaHOBWJIM 25 NiBYATOK aHAJIOTIYHOTO BiKy 0e3 MOopyIleHb
riHekoJioriyHoro cratycy. Jliarno3 CITKS BcraHOB/IIOBaBCS
BianosigHo 10 y3romkeHux KpurepiiB ASRM/ESHRE [13,
14], B aganTauii C. Sultan cneriasbHO as MimTITKIB [15]:
oJ1iro- abo amMeHopes, KJIiHiYHa TinepaHaporeHis (IepMo-
narisi, TipcyTu3Mm), OioxiMiyHa rimepaHIpOTeHisl, TMOJiKi-
CTO3 SIEYHMKIB 3a gaHuMM Y3, iHCYJIiHOPE3UCTEHTHICTh
Ta/abo rinepiHcyniHeMisl (HeoOXiHa HasIBHICTh YOTUPHOX
KPUTEDIiB i3 1’siTn). BU3HAaYeHHSI piBHSI MEJIaTOHIHY B CJIU-
Hi IIPOBOOMIOCSI METOAOM BUCOKOE(MEKTUBHOI PiIMHHOI
xpomaTtorpacdii 3 TaHIEMHOI Mac-CIIEKTPOMETPIE0, IO
BKJIIOYAJIO JIBA ITOC/IiIOBHI eTanu. Y nepliiii YacTUHI aHali-
3y OTPUMAHOTO 3pa3Ka CJIMHU Ha OCHOBI ()i3MKO-XiMiYHUX
BJIACTUBOCTEU BUILISIM TOPMOH MEJIATOHIH, a y APYTiil Olli-
HIOBAJIM MOTO KOHIIEHTpallilo. 3a0ip 3milicHIOBaBCS BHOYI
(2:00—3:00). IMamienTku nepea 3a00poM CIMHU 3a 00y
Ta IIPOTSITOM YChOTO Iepioay 3a00py CIMHM BUKIIOYAIU
BXMBaHHS KO(eiHy, aakorojto, (i3nyHi HaBaHTaKEHHSI,
a TaKOX He KypWIM BIPOAOBX FOAUHU Iepes 3a00poM, He
YUCTUJIN 3y0iB, He BUKOPUCTOBYBAIM 3yOHOI HUTKH, OITO-
JIiICKYBayiB MOPOXXHWHU POTa Ta KYBaJbHOI TYMKH.

JlocmimkeHHs cxBaJleHe 10 BUKOHAHHST KOMICi€lo 3 TT1-
TaHb €TMKU HAyKOBUX JOCJiIKeHb ByKOBUHCBHKOTO mep-
JKaBHOTO MEIUYHOro yHiBepcuTeTy (IMpoToKoa No 6 Big
02.06.2021 p.).

CratuctuyHa o0poOKa AaHuX 3AilficHIOBajacsl 3a J0-
nomoroi mporpamu Microsoft Excel 2020 nHa mepco-
HaJIbHOMY KOMIT'IOTEpPi Ta IMakeTa NMPUKIATHUX MPOrpam
Statistica for Windows v. 7.0, StatSoft Inc. JIis1 KoXHOro

Anoneuis

Crpii

AKaHTO3

Cebopes

AkHe

[inepTpmxo3
FipcyTnam
[MopyLueHHs umKny

T T T T T 1
0 20 40 60 80 100

PucyHok 1. HacTtora OCHOBHUX CUMITOMIB Y BiBYyart
i3 CIIKA

KiJIbKICHOTO TlTapaMeTpa BUKOPUCTOBYBAJIMCSI CepeHi 3Ha-
YEeHHsI, CTAHIAPTHI BiIXWJIEHHS CepeaIHbOI0, MaKCUMaIbHi
Ta MiHiMaJabHi 3HauYeHHM. 1 SKiCHMX HaHMX BU3HAda-
Jicsl moka3HuKU vactotu (%). Iepen mpoBeaecHHSIM T0-
PIBHSIZIBHOTO aHaJIi3y YCi KUIbKICHI JaHi y DOCTiIKYyBaHUX
rpynax OyJiv miepeBipeHi Ha BilIMOBIIHICTh 1O HOPMaJIbHO-
ro po3mojisly 3a JoIroMorolo Kpurepiio Koimoropoa —
Cwmupnosa. [Tpu piBHi 3HaunmocTi p < 0,05 (95% piBeHb
3HauyrMocTi) Ta mpu p < 0,01 (99% piBeHb 3HAYMMOCTI) Pi3-
HUIIO MiX TpymaMM 3a aHaJli30BaHMMU O3HAKaMU PO3Ili-
HIOBAJIU $SIK BipOTiIHY.

PesyAbTaTH

BiporinHux BigMiHHOCTe# 3a BiKOM AiBYaTa OCHOBHOI
IpYITU Ta TPYIU NMOPiBHAHHS He Manu (16,70 = 0,11 poky B
ocHOBHIl Tpyti Ta 16,90 + 0,14 poky y rpyIti TOpiBHSHHS,
p > 0,05). TpuBanicTb MEHCTPYaJILHOTO Mepioay y AiBUat
OCHOBHOI rpynu ctaHoBuia 4,30 = 0,12 ta y miBYart rpy-
v nopiBHsiHHS — 4,20 £ 0,23 poky, p > 0,05. AHasoriuHa
CUTYallisl criocTepirajacs i 3 MOKa3HMKOM BiKy MeHapxe
(12,90 £ 0,12 poky ta 12,40 = 0,17 poky, p > 0,05).

Cepenniit iHnekc macu Ttiza (IMT) miuat i3 CITKSA
cranoBuB 21,12 £ 0,56 Kr/m?, 10 HE MajO BipOTiTHUX
BIIMIHHOCTE! Bif rpynu MOPiBHSIHHA. Y TpyIli AiByYar i3
CIIKS HapnuinkoBa Maca Tia BusiBiieHa y 13 %. Haituac-
timumu cumiitomamMu CITKS y niBuat Oysiu rimoMeHCTpy-
aibHMiA cuHapoM (86,9 %), nepmomnarist (82,6 %) Ta ripcy-
tn3M (60,8 %) (puc. 1).

YciMm manieHTKaM MpOBOAMIIOCS YJIBTPa3BYKOBE JOCIi-
mkeHHs (Y3]) opraniB majoro ta3a. OCHOBHUM 3aBIaH-
HsIM OyJia OIliHKa CTaHy SIEUHUKIB, iX (OJIKYIIpHOIO amna-
paty, BUMipIoBajucs 00’eM, TOBIIMHA KAIICYJIM Ta CTPOMU
s1e9HUKIiB (Tab. 1). CepenHi 3HaYEHHST OOCATY SIEYHUKIB Ta
KiJTbKOCTI (DOJTiKyI1iB OyJIM BUILL 32 HOPMY, 1110 XapaKTepHO
JUJIST TIOJTIKICTO3HUX SIEYHUKIB.

Ta6nuys 1. YnbTpa3BykoBi napameTpun s€4HUKIB y gis4at (M £ m)

T E T nisq?;a; igs():nKﬂ 3.qo;zga=i ;zq.isi;ana
O6’eM sie4HUKIB, CM® 13,8 = 3,3* 8,1+1,.2
KinbkicTb donikynis, n 13,5 = 3,6* 6,8 +4,2
ToBLUMHa Kancynu, Mm 1,104 0,9+0,3
ToBLUMHA CTPOMU, MM 11,1+ 2,6* 79+272

lMpumitka: * — p > 0,05.
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Tabnuys 2. lNoka3HUKN MenaToHiHy B csnHi giByat i3 CIKS1 3anexHo Big Biky

Bik (pokn)
Moka3HuK
14 15 16 17 18
MenatoHiH, nr/mn 28,67 = 1,31 27,99 + 1,23 28,54 £ 1,14 28,99 + 1,09 29,30 £ 2,11

VY niBuat i3 CITKS 6ynu BiporimHo BUIIli MOKa3HUKHU Me-
natoHiny B ciuHi (03:00) (28,89 [18,17;46,53] rir/mi) oo
niByar rpynu mopiBHstHHA (12,07 [11,56; 16,27] mir/mi,
p <0,01). BiporigHoi pi3HuUIli B piBHSX MEJIaTOHIHY B CJIMHI
3aJIeKHO BiJl BiKy He BCTAHOBJIEHO (Ta0I. 2).

[Toka3HUKM MeNaTOHIHY y CJAWHI JIiBYaT BUPIZHSUIUCS
3aJIeXKHO Big Macu Tija (puc. 2).

O6roBopeHHs

OTXe, MeTaTOHIH iCTOTHO BIUIMBA€E Ha PENPOIYKTUBHY
cuctemy. 1o6pe BimoMo, 1110 BiH HEOOXiqHUi aist PoJTiky-
JIOTeHe3y, BIIMBAE HA CUHTE3 CTEPOIiB y IPpaHyJIbO3HUX
KJIITUHAX Ta 3MiHW KJIITMHHUX CUTHAJIB y TKaHWHaX-Mi-
meHsix. IMOBipHO, BiH peryjlo€ 4ac I0YaTKy CTaTe€BOrO
NO3piBaHHS Ta OBYJIAILLI, CIIPUSIE 30€PEXKEHHIO BariTHOCTI,
Biirpae poJjib y mpolecax rnepedynoBu opraHiamy y MEHO-
nay3si [16]. Topmon koHTpooe excrpecito MPHK mrorei-
Hi3yI04OrO TOPMOHY, MPOAYKIIiI0 PEryJsITOpiB alonTo3y —
Bcl2 ta nporeinasu Casp3, aKTUBHICTb iHCYJIIHOIIOAIOHOTO
daxropa pocty Ta paktopa pocty TGF-b, a Takox excripe-
Cilo TreHa peliernTopa JIOTeiHi3yl0uoro ropMOHY Ta eKCIIpe-
cil0 TeHa pelenTopa TOHAIOTPOIiH-PUTI3UHT-TOPMOHY B
rpaHyJbO3HUX Ta JIOTETHOBUX KiliTuHax [17—19].

IIpunyckaoTb, 110 MEJIATOHIH HAOXOOUTh Y SIEYHUK
i3 KPOBOTOKY ITiJl Yac PO3BUTKY (DOJIiKY/iB, a TIOTJIMHAH-
HSI TOPMOHY 30iJIbIIYETHCSI B Mipy iXHBOTO JO3piBaHHS.
Lle Oyno 3adikcoBaHO B €KCIIEPUMEHTI: SIEYHUKU IIIyPiB
Ta KilIOK 3aXOIUTIOIOTh i YTPUMYIOTh LUPKYJTIOIOUUI 1eii-
TepoBaHuii MenaroHiH [20, 21]. Kpim Toro, mpu3HauyeHHs
MeJIATOHIHY B J03i 3 MT XiHKaMm i3 Oe3riinasiM Npu3Bo-
JUJIO 10 BUCOKMX KOHILIEHTpallili TOpMOHY B ixHili ¢oJti-
KyJIsipHi#t pinuHi. [Ipore MexaHi3M MOTJTMHAHHS TOPMOHY
3 KPOBOTOKY Ha ChOTOJHiI He3po3yMiiuii. MaOyTh, y 1ei
MOMEHT TOPMOH CUHTE3YEThCS 10ATKOBO, TOMY 1110 BUSIB-
JIEHO TIpUCyTHicTh N-anetuiTpaHcdepasu Ta TiIpoKCUiH-
noa-O-metuntpaHcdepa3n y TKAHUHI S€YHUKA.

ITpu BUBUEHHI B €KCIIEPUMEHTI 0COOJIMBOCTEI PO3MO/Ti-
JIy MeJIaTOHIHY B OpraHi3aMi BUSIBWJIOCS, 1110 KOHLIEHTpaLlist
TOPMOHY Y (QOIKYJISIPHIii pifviHi BTpXAYi BUIIA, HiXK B OTHO-
YyacHO 3i0paHoMy 3pa3Ky KpoBi [12]. 3 HaOJMKEHHSIM OBY-

nr/mn
40
30
20
10
0 T
[isuaTa i3 CMKA [Lisyata i3 CMNKHA Mpyna
(HopmarnbHa (Hagnuwkosa MOPIBHSAHHSA
mMaca Tina) mMaca Tina)

PucyHok 2. lNoka3HUKU MenaToHiHy B CJIVHI giB4art
i3 CI1K51 3anexHo Big macu Tina

JISILIL 10T0 piBeHb Y (HOMIKYIIi MiABUIIYETHCS, X04a B 3arajlb-
HUI1 KPOBOTIK BiH HE OTpAruUIsi€, PU LIbOMY KOHLUEHTPALlist
BUILA Y PiIMHI BEIUKUX (DOJIIKYJIiB, HixX APIOHUX, — 1I€ J03-
BOJISIE 3pDOOUTH TPUIYIIEHHSI, 110 TiJBUIIIEHHSI TOPMOHY B
MPEOBYJISITOPHUX OOLIMTAX MOXKE CIIPUSTH OBYJIsILIT [22].

BucHoBKkMU

Pesynbratu mochigkeHHsI BKa3ylOThb Ha ITOPYIICHHS
TOPMOHAJILHOTO OajlaHCy TIpU CHUHAPOMI MOJiKiCTO3HUX
SIEUHUKIB, 30KpeMa TIiBUILEHHS PiBHS MEJATOHiHY, 1110
BKa3ye Ha HEOOXiIHICTh HOro BUZHAUEHHS B Ipolieci mia-
THOCTHKU Ta JIIKyBaHHSI.

Konduikr inTepeciB. ABTOpu 3asBJISIOTH MPO BiICyT-
HiCTb KOHMIIKTY iHTepeciB Ta BiacHOI (iHaHCOBOI 3alli-
KaBJICHOCTI IPM MiArOTOBLIi JaHOI CTATTi.

Buecok aBtopiB y Hanucanus crarti. Copoxman T.B. —
aHaJi3 Ta iHTepIpeTallisg TaHWX, HAaITMCAHHS CTaTTi; KOH-
LeTisl i au3aitH mociimkeHHs; Makaposea O.B. — 30ip
NIaHUX, peaaryBaHHs ctaTti; Ocmanuyyk B.I. — nuzaiitH no-
CIiIXKeHHs, 30ip JliTepaTypHUX JaHUX, HAITMCAHHS CTATTi.
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Melatonin in the saliva of adolescent girls
with polycystic ovary syndrome

Abstract. Background. The formation of polycystic ovary syn-
drome (PCOS) and the manifestation of its clinical manifesta-
tions often begin in adolescence. In recent years, one of the new
and modern areas in the study of reproductive dysfunction is the
problem of melatonin on the gonadotropic function of the pituitary
gland (ovariogenesis). The purpose of the study was to determine
the level of melatonin in the saliva of adolescent girls with PCOS.
Materials and methods. A single-center prospective simple randomi-
zed study was conducted with 23 patients aged 14—18 years (inclu-
sive) with PCOS. The control group consisted of 25 girls of the
same age without gynecological status violations. Determination of
melatonin levels in saliva was performed by high performance liquid
chromatography with tandem mass spectrometry (HPLC-MS). Be-
fore salivation during the day and throughout the saliva collection
period, patients excluded caffeine, alcohol, and exercise, did not
smoke for one hour before collection, did not brush their teeth, did

not floss, rinsed their mouths, and did not chew gum. Results. There
were no significant differences in the age of the girls in the main
group and the comparison group (16.70 = 0.11 years in the main
group and 16.90 £ 0.14 years in the comparison group, p > 0.05).
The most common symptoms of PCOS in girls were: hypomenstrual
syndrome (86.9 %), dermopathy (82.6 %) and hirsutism (60.8 %).
Girls with PCOS had significantly higher melatonin levels in sa-
liva (03:00) (28.89 [18.17; 46.53] pg/ml) compared to girls in the
comparison group (12.07 [11.56; 16.27] pg/ml, p < 0.01). A pro-
bable difference in melatonin levels in saliva depending on age has
not been established. Conclusions. The results of the study indicate
a violation of hormonal balance in polycystic ovary syndrome, in
particular an increase in melatonin levels, which indicates the need
to determine it in the process of diagnosis and treatment.
Keywords: adolescent girls; polycystic ovary syndrome; mela-
tonin
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Magnesium deficiency in type 2 diabetes mellitus
and its effect on blood glucose control
and diabetes complications

Abstract. Background. Diabetes has become more often in all over the world, magnesium is an essential
element of the body and has lots of vital functions. There has been a trend to investigate magnesium’s effect
on type 2 diabetes pathogenesis and its complications. Still, more data is needed to reveal magnesium and T2
diabetes mellitus (DM) association, therefore we aimed to investigate how common magnesium deficiency in
Turkish T2DM patients, and its effect on diabetes control and diabetes complications. Materials and methods.
296 patients with type 2 DM and 96 healthy controls aged between 18-65 years were enrolled in the study. After
exclusion criteria, T2DM patients were divided into 2 groups according to magnesium deficiency, metabolic and
physical properties of the groups were compared. Also, hypertension, metabolic syndrome, coronary artery
disease, and microalbuminuria were also compared according to magnesium deficiency. Results. Magnesium
deficiency was found 35.5 % (86/242) in patients with type 2 DM, 4.1 % (4/96) in the control group. Magnesium
deficiency was more in female patients (64/86, 74.4 %), male patients had more normal magnesium levels
89/166, 53.6 %) (p < 0.01). Hypomagnesemia patients with T2 DM didn’t show difference in HbA1c (9.0 + 1.9 %
vs 8.8+ 1.6 %, p = 0.35), and fasting blood glucose levels (197.24 + 87.25 vs 177.85 + 57.22 mg/dl, p = 0.14).
Hypomagnesemia patients with T2DM had significantly higher hyperlipidemia levels (48.8 % (42/86) vs 41.0 %
(64/156), p = 0.04). Metabolic syndrome (89.0 % (73/82) vs 83.1 % (123/148), p = 0.22) and coronary artery
syndrome (39.5 % (34/86) vs 35.9 % (56/156), p = 0.85) didn’t differ between groups. Hypertension (81.4 %
(70/86) vs 67.9 (60/156), p = 0.04) and microalbuminuria (66.7 % (38/57) vs 43.7 (58/119), p = 0.03) were
significantly higher in the hypomagnesemia T2DM group. Conclusions. Magnesium deficiency is not rare in
T2DM, however, this deficiency didn’t impact blood glucose control at a significant level in current study, on the
other hand, hypertension, microalbuminuria, and hyperlipidemia components of diabetes have been shown to
increase with magnesium deficiency.

Keywords: type 2 diabetes mellitus; magnesium, microalbuminuria

Introduction

Type 2 diabetes mellitus (T2DM) continues to become
more frequent in Turkey and all over the world. Always grow-
ing number of studies concentrate on T2DM treatment op-
tions, and also focuses on the pathophysiology of T2DM and
its complications. Magnesium is an abundant element in the
body and has an important responsibility in heart, nerve and
skeletal muscle function, and gene expression [1]. Further-
more, magnesium deficiency has been linked with cardiovas-
cular diseases, colorectal cancer and stroke [2—4].

Magnesium levels lower than 1.8 mg/dl (0.75 mmol/I)
was defined as subclinical hypomagnesemia and lower than

1.5 mg/dl (0.65 mg/dl) was defined as frankly hypomagne-
semia [1].

Recently several studies have suggested magnesium de-
ficiency has been found correlated with insulin resistance
[5—7]. In addition, another study found, magnesium sup-
plementation decrease insulin resistance in T2DM patients
[8]. Since insulin resistance is an important component in
T2DM and even progression of its complications, we should
consider magnesium deficiency in mechanisms and treat-
ment perspectives.

There has been still shortage of data about magne-
sium deficiency and diabetes. Therefore, in this study,
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we purposed to research magnesium deficiency in patients
with T2DM and investigate whether magnesium defi-
ciency has a role in blood glucose control, lipid abnor-
malities in diabetes.

Materials and methods

296 patients with type 2 DM, aged between 18—65 years
were enrolled in the study. All patients were routinely fol-
lowed up by Endocrinology and Metabolism department
between April 2019 and December 2021. Age smaller than
18 years, pregnancy, liver disease, active infection, use of
any medications (including diuretics, magnesium supple-
ment medications, SGLT-2 inhibitors, antibiotics, antifun-
gals etc.), or any illness (including chronic diarrhea, renal
failure) that affects magnesium levels were exclusion crite-
ria. After exclusion criteria, 244 patients with type 2 DM
were eligible for the study. 96 healthy controls were inclu-
ded as a comparison group. Weight (kg) and height (m) were
measured using standard methods. The waist circumference
(WC) was measured at the midpoint between the underside
of the chest and the uppermost edge of the iliac crest in the
standing position.

All the laboratory analyses were studied in the same
laboratory. Serum creatinine (Cre) was measured by en-
zyme-linked immunosorbent assay (ELISA) and glomeru-
lar filtration rate (GFR) was measured by CKD-EPI me-
thod (ml/min/1,75 m?). Patients were divided into type 1
and type 2 according to previous records. Serum magnesium
was measured by colorimetry. Magnesium level lower than
< 1.8 mg/dl was defined as subclinical hypomagnesemia and
lower than 1.5 mg/dl was defined as frank hypomagnesemia.
Hyperlipidemia was defined as the use of cholesterol-lowe-
ring medications or LDL > 100 mg/dl.

Ethical approvation was taken from Istanbul Research
and Educational Hospital (01/22/16)

Statistics. Statistical evaluations were performed using
IBM SPSS 22.0 (Statistical Package for the Social Sciences
software version 22.0). Descriptive analyses were expressed
as median (min-max) or mean * standard deviation (SD)
and percentages (%), Shapiro-Wilk test was used for nor-
mality. The Chi-square test or Fisher’s exact test, where
appropriate, was used for categorical variables. Student’s
t-test was used for comparison of normality distributed con-
tinuous variables of two groups. The Mann-Whitney U-test

was used for comparisons of continuous variables that were
not normally distributed between two groups. Logarithmic
transformation was used to continuous variables that were
not normally distributed.

Results

Magnesium deficiency was found 35.5 % (86/242) in
patients with type 2 diabetes, 4.1 % (4/96) in the control
group. The mean age of T2DM patients according to mag-
nesium deficiency was not different between groups. Di-
abetes duration in magnesium-deficient T2DM patients
(13.87 £ 8.20 years) was longer than magnesium normal
patients with T2DM (11.23 £ 7.02 years) (p = 0.01). Mag-
nesium deficiency was more prominent in female patients
(64/86, 74.4 %), male patients had more normal magne-
sium levels 89/166, 53.6 %) (p < 0.01) (Table 1).

Hypomagnesemia patients with T2DM didn’t show dif-
ference in HbAlc (9.0 £ 1.9 % vs 8.8 £ 1.6 %, p = 0.35),
and fasting blood glucose levels (197.24 + 87.25 vs
177.85 £ 57.22 mg/dl, p = 0.14). Serum LDL cholestrole
(128.59 £ 49.3 vs 120.40 * 41.33 mg/dl, p = 0.49) and try-
glyceride (214.25%+177.20vs201.13£150.21 mg/dl, p=0.56)
levels were at non-significantly higher levels in hypomag-
nesemic patients with T2DM. HDL-c levels (48.31 £+ 12.14
vs 50.43 £ 44.46 mg/dl, p = 0.66) were non-significantly
lower in hypomagnesemic T2DM patients (Table 2).

Discussion

Hypomagnesemia was found to be higher in T2DM
patients (35.5 %). This was consistent with other study re-
sults ranging from 11 to 44 % [9—11]. Glucose and lipid
levels were statistically insignificantly higher in patients
with T2DM. Hyperlipidemia, hypertension, and microal-
buminuria were found significantly higher in patients with
T2DM.

Magnesium is a significant element in the body, howe-
ver, in clinical practice, magnesium and its deficiency ef-
fects may be neglected by the clinicians. Additionally, it has
been subject to many clinical types of research in the past,
and there is a growing tendency about magnesium its meta-
bolic effects on the body. There have been conflicting stu-
dies about magnesium deficiency and its effects on diabetes
frequency. According to a study of 127,832 subjects, the risk
of developing T2DM increased with lower magnesium con-

Table 1. Characteristics of the groups

T2DM Healthy Controls P
(n = 244) (n =96)
Age 50.77 £ 9.64 4755 +11.0 0.67
Gender (F/M) 138/127 54/42 0.36
FPG (mg/dl) 193.43 + 59.16 94.65 + 8.66 <0.01
HbA1c (%) 9.01 +1.83 530 +1.12 <0.01
LDL (mg/dl) 127.36 + 48.22 116.29 + 36.80 0.04
HDL (mg/dl) 48.64 + 36.60 57.10 + 29.02 0.59
Triglyceride (mg/dl) 221.7 + 63.8 112.37 + 64.80 <0.01
Magnesium (mg/dl) 1.82+£0.23 2.00 = 0.11 0.01

Notes: FPG — Fasting Plasma Glucose; LDL — Low-Density Lipoprotein; HDL — High-Density Lipoprotein; Signi-

ficant values were expressed in bold.
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sumption [12], conversely, previously, Atherosclerosis Risk
in Communities Study (ARIC) hadn’t found an association
between magnesium intake and diabetes mellitus develop-
ment in 12.000 subjects [13].

In the current study, we have found mean magnesium
level very near to threshold level for magnesium deficiency,
and 35.5 % of T2DM patients had hypomagnesemia which
was predominantly common in female patients (72.1 % of
hypomagnesemia T2DM patients). Consistently, a recent
longitudinal Dutch study found that magnesium deficien-
cy exacerbates diabetes in women, but not in men, and
this study suggested that female hormones play a role in
magnesium wasting [14]. Possible mechanisms for the re-
lationship between magnesium deficiency and T2DM are
based on the role of magnesium in insulin secretion and
signaling. Since dependent on magnesium, magnesium
deficiency can disturb insiilin secretion phases through a
direct or indirect route mediated by intracellular calcium
pathways, and also magnesium blocks inositol 1,4,5-tri-
phosphate (IP3)-gated calcium channel antagonist [15].
The KATP channels which play an important role in secre-
tion have been to be opened in magnesium deficiency and
insulin response to glucose had been found disturbed [16].
Recently a transporter protein called NIPAL1 (NIPA-like
domain containing 1, which causes insiilin secretion has

been found downregulated by extracellular magnesium de-
ficiency [17]. Furthermore impairment of tyrosine kinase
activity in magnesium deficiency causes insulin signaling
defect [18].

Despite higher magnesium deficiency, fasting blood glu-
cose, and HbAlc levels were insignificantly higher in this
study group, this was compatible with a Swiss study that
didn’t find plasma magnesium levels in correlation with gly-
cemic control [11], whereas a cross-sectional study of 101
T2DM patients has found HbAlc higher in magnesium-de-
ficient patients, however, the p level was near to insignifi-
cant level and correlation was weak [19]. Also a study of 126
T2DM patients from Nigeria has found magnesium defi-
ciency in relationship with HbAlc [20].

Hyperlipidemia, hypertension, and microalbuminuria
were found higher in the current study, in vitro studies have
shown that magnesium is essential for protection from vas-
cular calcification [21, 22], likewise a recent Chronic Re-
nal Insufficiency Cohort (CRIC) study showed that higher
magnesium levels are associated with lower systolic and di-
astolic pressure, and higher progression to chronic kidney
failure [23], and also Zahra et al. showed that diabetic ne-
phropathy was found to be more common in DM patients
[19]. One should focus on underlying mechanisms should
focus on oxidative stress and vascular inflammation. In a

Table 2. Characteristics of patients with T2DM according to magnesium deficiency

Low Mg T2DM Normal Mg T2DM )
(n =88) (n = 156)
Age (years) 58.23 £ 9.40 56.51 = 10.90 0.22
Diabetes Duration (years) 13.87 £8.20 11.23+7.02 0.01
Male/Female 24/62 89/67 <0.01
Note: significant values were expressed in bold.
Table 3. Comparison of parameters according to magnesium status of T2DM patients
Low Mg T2DM (n = 88) N°"‘(‘:'='V1'956T)2DM P
Weight (kg) 87.91 + 21.05 85.90 + 15.59 0.80
BMI (kg/m?) 33.55 +6.52 31.84 +7.26 0.93
FPG (mg/dl) 197.24 + 87.25 177.85 + 57.22 0.14
HbA1c (%) 9.0+£1.9 8.8+1.6 0.35
Triglyceride (mg/dl) 214.25 + 177.20 201.13 + 150.21 0.56
LDL (mg/dl) 128.59 + 49.32 120.40 + 41.33 0.49
HDL (mg/dl) 48.31 +12.14 50.43 + 44.46 0.66
Notes: BMI — Body Mass Index; FPG — Fasting Plasma Glucose; LDL — Low-Density Lipoprotein; HDL — High-
Density Lipoprotein.
Table 4. Complications according to magnesium status of T2DM patients
Low Mg T2DM Normal Mg T2DM P
Hyperlipidemia 48.8 % (42/86) 41.0 % (64/156) 0.04
Metabolic syndrome 89.0 % (73/82) 83.1 % (123/148) 0.22
Coronary artery disease 39.5 % (34/86) 35.9 % (56/156) 0.85
Hypertension 81.4 % (70/86) 67.9 % (60/156) 0.04
Microalbuminuria 66.7 % (38/57) 43.7 % (58/119) 0.03

Note: significant values were expressed in bold.
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study of diabetes patients, magnesium levels were positive-
ly correlated with glutathione peroxidase 3 (GPX-3) and
negatively correlated with malondialdehyde (an oxidative
stress marker) [24].

The results demonstrated in this work provide a new per-
spective on magnesium’s role in diabetes, in clinical practice
hypertension and microalbuminuria have been important
issues in diabetes. Magnesium deficiency has been common
in type 2 DM and magnesium deficiency shouldn’t be ne-
glected.

There are several strengths and limitations to this re-
search. Its single-centered and cross-sectional style were the
main limitations. The classification of magnesium deficiency
was based on extracellular fluid level, however, this study size
was not small, and evaluated associations of multiple compo-
nents of T2DM disease according to magnesium deficiency.

Conclusions

Magnesium deficiency is not rare in T2DM, however,
this deficiency didn’t affect blood glucose control at a sig-
nificant level, on the other hand, hypertension, microalbu-
minuria and hyperlipidemia components of diabetes have
been shown to increase with magnesium deficiency. Still
more studies are needed to clarify and explain these results
and relationships.
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AediumuT MArHito Npu LYKpoBOMY AiabeTi 2-ro Tuny Ta MOro BNAUB
HQA FAIKeMiIYHUI KOHTPOAb TO YCKACOAHEHHS LlYKPOBOro Aia6ety

Pe3iome. Axmyaavnicms. Y cBiti criocTepira€Thest picT 3aXBOpIO-
BaHOCTI Ha LlykpoBuii niadet (LIJ1). MarHiii HaJleXXuThb 10 BaXKIM-
BMX €JIEMEHTIB OpraHi3My il BUKOHYE 0€3J1i4 XXUTTEBO BaXKJIMBUX
GyHKLI. 3apa3 BiI3HAYa€TbCS TEHAEHLIIST JOCTIIKYBAaTH BILIUB
MarHilo Ha naroreHe3 L1JI 2-ro Tumy Ta i1oro yckJagHeHHsI. Y Toit
K€ yac TMOTpiOHO Oiyblie J0Ka3iB, 11100 BCTAHOBUTH B3a€EMO3B’SI-
30K MiX BMicToM MarHiio Ta L/ 2-ro tumy. Tomy mema docai-
Oxcenns TIOJISITaJIa y BCTAHOBJICHHI 4acTOTH Ae(MillUTy MarHiio B
TypelbKUX NalieHTiB i3 L1/] 2-ro TuIy Ta 10ro BIUIMBY Ha IJTiKe-
MiYHMIT KOHTpOJIb Ta ycKiagHeHHs LIJ1. Mamepiaau ma memoou.
VY nocnimkeHHs Oyau 3anydeni 296 nauientis i3 L1 2-ro tumy Ta
96 3mopoBUX 0Ci0 Tpymu KOHTpOIO0 BikoM 18—65 pokis. [licis
KPUTEPiiB BUKJIIOUeHHSI MalieHTiB i3 LI/l 2-ro Tumy po3niauau Ha
NIBi TPYyNU 3a MOKa3HUKOM BMICTY MarHito, MpoBeIu MOPiBHSH-
HsI MeTabOJIIUHMX XapaKTePUCTUK Malie€HTiB 000X rpymn. Takox
TMOPiBHIOBAJIM YaCTOTY apTepialibHOI TilepTeH3ii, CKIag0oBUX Me-
TaOOJIYHOIO CUHAPOMY, illIeMiYHOI XBOPOOU Ceplisd Ta MiKpoasib-
OyMiHypii 3ajiexkHO Bif HasgBHOCTI nediuuTy MarHiioo. Pe3yivma-
mu. [lebiuut MarHito BusBieHuii y 35,5 % (86/242) naiieHTis i3
U 2-ro tuny, y 4,1 % (4/96) — y KOHTpOJIbHil rpymi. Jdediuur
MarHiro OyB GiTbIII BUPaKeHUM Y MALli€HTIB XiHOYOi cTaTi (64/86,
74,4 %). Y 4070BiKiB criocTepiraiacs Oibllla YacTOTa HOPMasib-

HOrO piBHA MarHito — 89/166 (53,6 %) (p < 0,01). INauieHtu 3
LI/1 2-ro TuIty 3i 3HUKEHUM BMiCTOM MarHito B KpOBi BipoTiTHO He
BiIpI3HSUIMCS 32 MMOKA3HUKOM TJIIKOBaHOTO remoriooiny HbAlc
(9,0 £ 1,9 % nporu 8,8 £ 1,6 %, p = 0,35) Ta piBHSIMU IJTIOKO3U B
kpoBi Hatie (197,24 + 87,25 mr/nn npotu 177,85 £ 57,22 mr/mn,
p = 0,35). IMauienTtn 3 L1 2-ro Trmy 3i 3HXKEHUM BMiCTOM Mar-
Hi0O B KPOBI MaJIi BipOrigHO BUIIi piBHi rinepiimigemii (48,8 %
(42/86) mpotu 41,0 % (64/156), p = 0,04). YactoTa MmeTaboIiYHO-
ro cuxapomy (89,0 % (73/82) mpotu 83,1 % (123/148), p = 0,22)
Ta imemiyHoi xBopobu cepust (39,5 % (34/86) mpotu 35,9 %
(56/156), p = 0,85) He BimpisHsIacs Mix rpyrnamMu 00CTEXEHUX.
Yacrora aprepianbHoi rineprensii (81,4 % (70/86) nporu 67,9
(60/156), p = 0,04) i mikpoansbyMiHypii (66,7 % (38/57) nipotu
43,7 (58/119), p = 0,03) Oyna BipoTiIHO BUIIOIO B TPYITi XBOPUX
Ha 1] 2-ro Ty 3 HU3bKMM YMiCTOM MarHiio B KpoBi. Bucnoexu.
JlediluT MarHiio 10BOJIi YaCTO CIIOCTEpiraeThesl y XxBopux Ha LIJT
2-T0 TUIY, OAHAK Liei NediluT BiporiiHO He BIUIMBAE Ha TliKe-
MiYHUII KOHTPOJIb. 3 IHIIIOTO OOKY, BCTAHOBJICHO, IO YacTOTa
apTepialbHOI TinmepTeH3ii, MiKpoaabOyMiHypii Ta Timepimimemii
3pocTtae y xBopux Ha LIJI 2-ro tumy 3 nedilluToM MarHiio.
KimouoBi cioBa: uyxposuii miaber 2-ro TWIly; MarHiii; Mikpo-
abOYMiHYpist
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Cyy4acCHIi NOrAsAv HO MeTab0AI3M
Ta 6ioAoriyHI edpekTu BiTaMiHy D

Pe3tome. BiramiH D e cTepoigHUmM ropMoHoOM, sikuii Bigirpae BupiLLanbHy porb y MigTPMMLI HOPMaTbHOroO CTaHy
KicToK i romeoctasi Kanbuito. OcTaHHIMW pokamu BiTamiH D cTaB rapsi4or0 TeMOK €HZOKPUHOMIOMHHUX [OCTTI-
[KeHb, 6arato B Yomy 4depe3 naHgemito COVID-19 Ta viMoBipHy Kopensauito MiX rinoBitTamiHo3om D Ta BUCOKUM
PU3NKOM XPOHIHHNX 3aXBOPIOBaHb JIereHb i os’a3aHoi 3 HUMu cmepTHOcCTi. OCTaHHIMW BOCTIAXEeHHSIMY BCTaHOB-
JIeHO, Lo BiTamMiH D geMoHCTpye cknagHmi 6aratocTyrneHeBui MeTaboriaM i [ie€ Ik rOpMOH Ha 6araTto no3acke-
JIETHUX MiLLEeHeN. Y nogaHoMy ornsgi po3rfiHyTO AEsKi HOBI IHTpUryroYi i Bce Le He [0 KiHUS MPOsiCHEHI acrek-
™ mMeTabornismy BiTamiHy D, Taki ik HOBI KOHLenuii perynsuii gpepMeHTiB, HOBI NMAeroTPOrHi eheKTn akTusaLii
peuenTopis BitTamiHy D (VDR) Ta enireHeTn4Hi eqpekTun. [JetasibHO po3r/IaHyTO MEXaHi3Mu cuHTe3y BiTamiHy D y
LUKIpi, vioro meTabosiiam y cuctemi neviHkoBoro Untoxpomy P450, kataboriam, MeTabornitv Ta TpaHCropT, FeHHUN
KOHTPOJIb Ta ernireHeTn4Hy mogynsauito. OKpiM 3arasibHoBiZoMOI porii BitamiHy D y MeTaboniami kasbLito Ta KiCTOK,
viomy BriacTusi 6arato niesioTPOMHUX MO3acKeNeTHUX eheKTiB, 30KpeMa MOTYXXHWUV BIINB Ha IMYyHHY cucTemy,
CepLeBO-CYaANHHY CUCTEMY, XUPOBY TKAHMHY Ta METab01i3M r1IoKO3u/ninigis, M’'s3uv ToLyo. OCTaHHI OCTAKEHHS
rokasanu 3B’1I30K MK HU3bKUMU piBHSIMU BiTamiHy D i Mavixe Bcima acrektamm MeTabosiHHOro CuHApomy, a
came i3 LyKpoBuM JiabeTom 2-ro Turly, MOPYLUEHHAM [TIIKEMIi HaTLye, apTepiasibHOK rinepTeHsieto, aucrinige-
MIED, OXUPIHHAM Ta IHCYNIIHOPE3NCTEHTHICTIO. [eKinbka [ocnigKeHb 6y 30cepexeHi Ha posi BitamiHy D B
Giosnorii XnpoBoi TKaHWHW. 30Kpema, nokasaHa HeraTuBHa KopesnsaLis MiX BitamiHoM D i nentuHom a6o pesncTu-
HOM, a TaKoX 3BOPOTHA KOPESIALisl 3 aAUMOHEKTUHOM. HepaBHi foCHigXeHHs Ha myLuax 3 gegiyntom siramiHy D
riokasasv ropyLUEeHHs1 CeKpeLii CTUMYSIbOBaHOro J1l0KO30K0 IHCY/IiHY OCTPIBLUSMW MIQLLITYHKOBOI 3a103u. B ekc-
rnepuMeHTaslbHUX OCITIKEHHSIX nokasaHo, 1o VDR ekcripecyroTbes NiHisMU pakoBux KiituH. [Nepenbaqaetbes,
Lo sitamiH D Bigirpae posb y natoreHesi Ta nporpecyBaHHi paky, a aHanoru sitamiHy D 3hatHi yrnosinbHoBaTu
nporpecyBaHHsl paky Ta PO3BUTOK MeTactasiB. 3pob/ieHO BUCHOBOK, Lo BiTamMiH D € MOneKysnow 3 Kinbkoma
BUAaMU BIINBY (€HAOKPUHHUMU, NaPaKPUHHUMU Ta aBTOKPUHHUMM) Ha 6€3J1i4 TKaHWH i opraHis, KpiM rigTpuMKkm
romeocrtasy ckeneta. [ocnigkKeHHs y Uivi ranysi, Lo CTaB/saTe Ha METi NPOsSICHEHHS NIENOTPOMHOCTI 6aratbox
eekTiB BitamiHy D Ta vioro meTaborniTiB, NpOJOBXYIOTbCS.

KnroyoBi cnoBa: sitamid D; MeTa6osiam; nnevioTponHi no3ackeneTHi eghekTu; ornsg

Bctyn

Bitamin D € cTtepoimHuM ropMoHOM, SKMii Bimirpae
BUpPIIIAIbHY POJb Y MiATPUMIII HOPMAJIBHOTO CTaHy Ki-
CTOK i roMeocTasi Kajibllito. Xoya HOro BiIKpUTTS Bila-
Oynocst cTopiudsi Tomy, BitamiH D cTaB rapssuoi TemMoro
€HJIOKPUHOJIOTIYHUX AOCTIIKEHD JINIIE OCTAHHIMU IeCs-
TUPIYUSIMU, a HELIOJAABHO TaKOX CTaB aKTyaJbHOIO MPO-
osemoro yepes manaemito COVID-19 Ta iiMOBipHY KO-
peJsiilo MiX rimoBitamiHo3oM D Ta BUCOKHUM pU3MKOM

XPOHIYHMX 3aXBOPIOBaHb JIEreHb i MOB’S13aHOT 3 HUMM
cMmeptHocTi [1, 2]. Tenep 3po3ymino, 1o BitamiHn D ge-
MOHCTpPY€E CKJIaIHUI OaraTocTyneHeBUit MeTaboIi3M i Jie
SIK TOPMOH Ha 06araTo ro3ackejieTHuX MmiteHeii [3]. Hux-
4ye PO3TJITHYTO JesIKi HOBI iHTpUTIYIOUi i BCe IIe He A0 KiH-
1151 IPOSICHEHI acreKTu MeTaboJti3My BiTaMmiHy D, Taki 5K
HOBIi KOHIIEMIIil perysiii (hoepMeHTiB, HOBi TJIEHOTPOITHI
edekTn aktuBallii perentopis Bitaminy D (VDR) Ta emi-
TeHEeTUYHI eeKTH.
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BitamiH D i wKipa: Bia NPOAYKLT
AO KiHUeBoro epekry

Biramin D icHye y nBox dopmax: Bitamin D,, akuii €
HaWBaXXJIMBIIIO0 (opmoio BitamiHy D y TBapuH i BUpo-
OJI€ThCS B IIKIpI; i BitaMid D,, SKuii BUPOOJISIETBCS pOC-
JIMHAMU i BIIPi3HsA€ETbCA Bin D, 32 METUJIBHOIO IPYIION0 B
nos3uiii C24 ta moaBiitHUM 3B’s13KoM y no3nirii C22—C23
[4]. ¥V wiKipi BiTamiH D, BUpOOIs€TDCS i3 7-z1eTinpoxosec-
tepuHy (7DHC), npoMixXHOTo MIPOIYKTY Y CUHTE3i XoJyiec-
TepuHy. Bruius ynstpadionery B (YPB) y niamazoni 290—
315 HM BHM3HAYa€ EIEKTPOLUKIIIYHY IepeOyIOBY KiJbIIsd
B nosuuii C9—C10, mo yreoproe npeitamin D (PreD,).
Micnsa yreopenns PreD, BinOyBaeThes Horo TepMiuHa izo-
Mepusallis 1o Bitaminy D, (VitD,) i3 3cyBoM BOIHIO Bi 110-
sutii C19 no nozuuii C9 [2, 4].

Lla peakuis € oboporHoio, a PreD, i VitD, cniBicHy-
10Tb. 3 €BOJIIOLINHOI TOYKU 30Dy, CIIOCTEPEXEHHsS MPO
Te, 1o BUpoOHUUTBO VitD, cyBopo 3anexuts Bin YOB,
MPOJIMBAE CBITJIO Ha CTapOJAaBHE ITOXOIKEHHSI TOPMOHY,
IoHaliMeHIe 1,2 MiJibspaa poKiB TOMY, KOJIM BOIOPOCTi
noyvanau BupooJisiti xonectepuH [5]. Lleit mporiec, tMOBip-
HO, PO3BUHYBCS SIK MEXaHi3M MOTJIMHAHHS U151 3aXUCTY Bifl
Y®B-BUINpoMiHIOBaHHS, SIKE MIOMIMHAETHCS 1 pO3CIIOETHCS
TTPY TTeperpyIyBaHHi MOABIMHMX 3B’SI3KiB [6].

Bnache, cunres VitD, 3yMOBI€HMI KOHLEHTpALi€IO
7DHC, sika 3a1eXKUTb Bill aKTUBHOCTI (hepMEHTY 7-IeTiapo-
xonectepunpenykrazu (DHCR?7). Lleit ¢epmeHT KaTajizye
obopotHe BinHoBieHHs1 7DHC y xonecrepun. Lle yactuna
OioxiMiyHOrO 1UISIXY, BOepiie onucaHoro Kanmydyewm i Pac-
cesioM y 1960 pori (ansTepHaThBa HLIAXY bioxa), y skomy
LIICTh i30MPEHOBUX OAMHMLD i3 aneTui-KoA nepeTBopro-
IOTBCS B LIMKJTI30BaHUI i30MPEeHOITHMIT BYTJIEBOAECHbD (JTaHO-
CTEpUH), IO MOTIM Yepe3 OKMCHIOBAJIbHO-BIIHOBHI eTaru
MEePEeTBOPIOETHCS A0 3UMOCTEPOHY, 3umocTeHoy, 7DHC i,
Hape1Ti, xonecrepuny [7]. llnax Kanmyga — Paccema OyB
MOBHICTIO 3’sicoBaHuii uiie y 2015 poiti, Koju OyJ10 rmoka-
3aHO, 110 BiH Ma€ BUCOKY aKTUBHICTD Y IIKipi, 3a0e3Iedyio-
uu cyoeTpar 1is BupobHuirea VitD, [7, 8].

bnuspko m’satoecsaTé pokiB TomMy OyJlIO BiIKPUTO pim-
KiCHY TaToJiorito min Ha3Bow «cuHapoM Cmita — Jlem-
ai — Omina» (SLOS), gxuii cnpuyMHEHU MyTalisiMu B
reHi DHCR7 [9]. SLOS mae yactoty 1 : 40 000 i kiiHiuYHO
XapaKTepU3YETbCsl MOP(MOTEHHICTIO i BpoIKeHUMU abepa-
LisSIMU i3 3aTPUMKOIO KOTHITUBHOTO PO3BUTKY Ta 3MiHEH-
HaM noBeninku. Ha manmit MoMmeHT onucani 110 piszHnx
myTtauiit reHa DHCR7, siKi BUKJIMKAIOTh iHAKTUBALLIO i
HakornmyeHHs1 depmenty 7DHC. Haityactimmumu myra-
wisimu €: HysboBa myTauis IVS8-1G>C ta myrauis WI151X
[4]. SLOS uacrTime TparuisieTbesl B KpaiHaxX 3 HU3BKHIM CO-
HSTYHUM ONPOMIHEHHSIM, i 1€ CITOCTEpeXXeHHsI OyJ10 iHTep-
MpeToBaHe SIK FeTepO3UTOTHA TiepeBara JJjIs HOCiiB MyTallil
IUIS1 YHUKHEHHs aedinuTy Bitaminy D. Bizomo mnpo piBHi
Bitaminy D, BuMipsiHi y nmekiabkox maiieHtiB i3 SLOS.
Tax, y 2005 poui Pocci Ta iH. He BUSIBUJIN KOTHOI pi3HULII
B piBHsX BiTamiHy D y 15 nauienTiB i3 SLOS nopiBHsiHO
3i 3MIO0POBUMH BiIMOBIZHOI KOHTPOJBHOI IPYIIH, aje Lei
BUCHOBOK MOX€ OYyTH TOB’sSI3aHUIA i3 CBITJIOUYTJIMBICTIO
nauieHTiB 3i SLOS, 1110 Ipyu3BOAUTH 10 3HMXKEHHS BILIM-
BY COHsTYHOTO cBiT/a [4]. 3 iHmoro 60Ky, Movassaghi et al.
obcrexunu 53 manieHTH auTsadoro Biky i3 SLOS i BusgBuiun

BiporigHO BUILi piBHi 25-Trigpokcusitaminy D (250HD) —
MapKepa cratycy BiTaMiHy D — mpoTsrom ycix ce3oHiB
(48,06 £ 19,53 ar/mnnipotut 30,51 £+ 16,14 ar/mi, p<0,01),
0e3 03HaK iHTOKCHKallii BiTamiHOM D (HOpMaabHUU yMicT
KaJbliio B cupoBarili Kposi) [9]. Kpim Toro, y a1Box cyuac-
HUX MEHIETiBCbKUX MOCTIIKEHHSIX ab0 IIMpOKOMACII-
TaOHMX acoOLiaTUBHUX TTOBHOTEHOMHUX JOCTiIKEHHSIX
(GWAS) 0Oy1o BusiBIeHO, 1110 TeHeTuuHUit JoKyc DHCR7/
NADSYNI1 € gerepmiHaHTOO crarycy Bitaminy D [10].
Ane rinotesa mpo Te, 1o aeski nojimopdismu DHCR7
KOPEIOIOTh 3i cTaTycoM BiTaMiHy D, 1oci € cynepewinBoo
i He OyJa migTBepIKeHa IHITUMU OOCTiIKeHHIMU [4].

OueBugHo, GioximiuHa peryisuis DHCR7 e Bupi-
LIaJIbHUM acIleKTOM Y BUpOOJeHHI BitamiHy D, ocKiabku
3HIKEHA aKTUBHICTb LILOTO (PEPMEHTY MOXe TMepeHarpa-
BUTU LJISIX Bill XOJecTepuHy 10 OiocuHTe3y BiTaMiHy D.
JlificHO, Ha piBHi TpaHCKpUIIIii JK BitamiH D, Tak i x0-
JIeCTepMH MOXYTh 3HWXyBath ekcnpecito DHCR7. Ha
MOCTTPaHC/SILITHOMY pPiBHI (pochopuaoBaHHS (pepMeH-
TiB € BaxxmBuM: Prabhu et al. mokasayiu, 1110 iHTiOyBaHHSI
AM®-akTBOBaHOI MPOTEiHKIHA3M Ta MPOTEiHKiHA3M A
3HauyHO 3MeHInye akTuBHicTE DHCR7, mocumooun cuH-
Te3 BiTamiHy D i 3HMXKYO0UM poayKito xonectepuny [11].

Takum unHoMm, pepment DHCR7 € mepinoro miHiero
perynsiuii 6iocuHTe3y BitaMiHy D y 1iKipi, HaBiThb KOJIM
1ioro akTUyHe BUPOOJIEHHS TaKOX MOIYIIOETHCS iHIIIM-
MU haKTOpaMu, BKJIIOYAIOYM TEHETUYHUI ToaiMopdi3m,
BiK, reorpacdiyHe posTallyBaHHSI Ta LIMPOTY, COHSIYHE
oInpoMiHeHH Ta 103y YD B, KyIbTypHY ITOBEAiHKY, OIST Ta
IUTOIIY oroJjieHoi moBepxHi Tina [1]. [llogo ¢oro3axmucHoro
KpeMy Bil COHIIS Ta BiTamiHy D, MixkHapoaHa rpyra exkc-
MepTiB HEIIOAAaBHO TPOJAEMOHCTPYBaja CyNepeunBiCTh
JIAHUX JIITepaTypy Ta Aililla BUCHOBKY, 1110 BUKOPUCTaH-
HSI COHILIE3aXMCHOTO KpeMy Ha BUPOOIeHHS BiTaMiHy D He
BrivBac [12, 13].

IIxipa naBHO BimoMa SIK OCHOBHeE JKepesio BitamiHy D.
Kpim Toro, KepaTMHOLUTH erlifepmicy Ta BOJIOCSTHUX (Po-
JIIKYJIiB €KCIPECYIOTh TiIpoKCHIa3u, HeOOXiAHI IJ1s1 BUPO-
OJICHHSI aKTUBHOTO TOPMOHY 1,25-murimpokcuBitaminy D
(1,25(0OH),D). Takox 6yJ10 MokazaHo, IO Ha KepaTHHO-
mutax HasBHi peuentopu VDR [4]. @akTtuyHo Bitamin D
YUHUTH Y 1IKipi aBTOKPUHHI i MapakpuHHi edektu. byno
MOKa3aHo, L0 B KepaTMHoUMTax BiTamiH D KoHTpostoe
mudepeHmialio, mporidepallio, 6ap’epHy aKTUBHICTh Ta
iMyHHY BinnmoBinb [14]. ¥ cenekTHUBHOMY eligepmici ekc-
nepuMeHTaabHUX TBapuH 0e3 VDR crnocTepiranach cxuib-
HICTb 10 PO3BUTKY paKy i MOpyileHHs 3aroeHHs paH [15].
Kpim Toro, mediuut Bitaminy D moB’a3aHuii i3 3amnajib-
HUMU 3aXBOPIOBAHHSIMU IIKipW, a aHAJIOTU BiTaMiHy D €
e(eKTUBHUMU TMpU TIcopiazi — TMpoJidpepaTUBHOMY 3a-
MMaJIbHOMY 3aXBOPIOBaHHI 1IKipu [4, 5].

MNeyvinkosun CYP2R1 i BitamiH D

Jobpe Bimomo, 110 BiTamiH D, 11006 cratyi aKTMBHUM
ropmoHom 1,25(0OH),D (1,25-nurinpokcusitamin D, Kajib-
LIMTPiON), MOTPeOy€E ABOX TMOCIiNOBHUX €TarliB TiIpOKCU-
smoBaHHS. [lepiuuii eran rifpoKCUIIOBaHHS B MOJIOXEHHI
C25 BimOyBa€eThCs TepeBaXkHO, ajie He BUKIIOUYHO B TTEYiH-
11i, 3 HEpEeryJbOBaHUM i 3aJIeXKHUM Bif CyOCTpaTy MexaHi3-
MOM. 25-TiZpOKCUIa3Hy aKTHUBHICTb IPOSIBISIOTH KiJlbKa
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¢depMeHTiB, i mpu oMy nevinkoBuit CYP2R1, po3raiiio-
BaHUi y MiKpocoMasibHiit ¢pakiii P450 remarouutis, Bifi-
rpae ToJIoBHY poJb [16]. 3a nanumu nocmigxkenb, CYP2R1
31aTHUIA rigposisyBaty sk VitD, (nmepesaxHo), Tak i VitD,.
Byno BusiBieHo, 1o y muiieit 3 BukiaoueHuM CYP2RI
piBens 25(0OH)D 3Hmkenunii mpubansHo Ha 50 %, a inmni
50 % 3abe3revyroThes iHIMUMM i30depMeHTaMu 25-Tia-
pokcunasu [17].

Y moaeit 3 pizHUMM deHoTUnaMu OyJ0 BUSIBJIEHO
m’ste MyTaniit CYP2R1, Bkilouaioun paxit i HU3bKUI pi-
BeHb 25(OH)D. binbmie Toro, BimomMo Oinblne HixX 25 om-
HoHykjeotuaHux TmoximopdizmiB (SNP) CYP2RI1, uio
MOXYTb TOSICHUTU MiHJIMBiCTh KOHIIeHTpalii 25(OH)D y
nonyssii [4]. 3okpema, HEIOJaBHO MeTaaHaJi3 IPUITyC-
TUB, 10 noxiMopdism rs10741657 Bimirpae BaxkJIMBY poJIb y
TeHeTUYHO 00yMoBIIeHOMY AediumTi Bitaminy D [18].

[Tonpu nonepenHto rimoresy, o CYP2RI1 € Hepery-
JIbOBAaHUM CyOcCTpaT3ajieXXHUM (hepMEHTOM, OCTaHHi O-
Ka3u CTaBJISITH 1[I0 TOTMY TIiji CYMHIB, TIPUIYCKAOUU, 110
eKcrpecis (hepMeHTY MOIYJIOETHCS BiKOM i METa0O0JIiYUHUM
cepemoBuiieM. PiBenr 25(OH)D y mamieHTiB crapio-
ro BiKy 3HMXYEThCSI i MEHIIIE pearye Ha Moro BBEIEHHS.
Roizen et al. moB’a3y10Th 1Ie 3i 3HMKEHHSIM aKTUBHOCTL
CYP2R1 npu crapinni, ockinbku Bmict MPHK CYP2R1 i
OijKa B TKAHWHI MEeYiHKW MUILE! MPOrpecuBHO 3MEHIITY-
BaBscst 3 BikoM. Kpim Toro, crissinHoumeHus 25(OH)D,/
VitD, nosutusHo kopemosano 3 MPHK CYP2RI i Tex
CTabiJIbHO 3HMKYBAJIOCh 3 BikoM [4, 18].

Oco0gMBOCTI METabO0IIi3My TaKOX BILUIMBAIOTh HA €KC-
npecito CYP2R1. Bimomo, mo piBHi 25(OH)D 3HauHO
3MEHILYIOThCS Y MAL[IEHTIB 3 OXXUPIHHAM i IlyKPOBUM Jlia-
oeroMm (LIJ1) 2-ro Tumy. IcHyoua rimore3a mpuIryckae, 1o
BiTamiH D Moxe OyTy ceKBeCTpOBaHUIA B KMPOBili TKAHUHI
a00 po3BeNeHU y OiTBIIIN MOBEPXHI JIOAEH 3 OXKUPiHHSIM.
OpHak sIK aJIbTepHAaTUBHE TTOSICHEHHST OYJIO 3aMpOIOHOBA-
Ho 3HMKeHHs aktuBHOCTI CYP2R1, 1110 Oys10 1okazaHo Ha
TBapUHHI MOIEIi OXXUPIHHS 3 TIETOIO 3 BUCOKUM YMiCTOM
xupiB. BeranoneHo, mo Bmict MPHK CYP2R1 y ToBcTHx
MHUILEeH OyB 3Ha4HO HMXKYUM (Ha 40 %) MOPIBHSIHO 3 Xy-
IAMU, TOMi SIK iHIII i30(hbepMeHTH 25-TiApOKCUIa3u Tpu
MOTPYMMaHHI Ji€TU 3 BUCOKMM BMIiCTOM XXKMPiB 3MiHEHi He
oynu. Excrpecis 6inka CYP2R1 i akTuBHIiCTh hepMeHTY B
roMOreHaTax MevYiHKW MUILEH 3 OXKUPIiHHAM OyJIv 3HMKEHi
Ha 50 % TMopiBHSAHO 3 KOHTpoJeM. Y pidHux moaesax LI
criocTepirajocst monioHe MPUTHIYeHHSI aKTUBHOCTI TIeUiH-
koBoro CYP2RI1 [16]. do momynsauii CYP2R1 Oyiu 3any-
YeHi MpUHANMHI IBa MOTCHIIMHMUX IUISIXW CHUTHAaJIi3allii:
peLenTop, aKTWBOBAHUU MpoiepaTopoM IMEepPOKCUCOM
Yy-KoakTuBaTopa l-o, Ta peuenTop, Mop’si3aHUil 3 ecTpo-
reHoM o (PGCla/ERRa), a TakoX TIIIOKOKOPTUKOITHUIM
peuentop (GR). lnsax PGCla/ERRa ¢iziosoriuHo ak-
TUBYETHC i/l Yac TOJIOAYBAHHS i MATOJIOTIYHO IHIYKY€ETh-
ca npu LI HanMmipHa eKcIpecisl IIbOro CUTHAJy CHUJIBHO
3MeHIllyBaja rinpokcuiasHy aktuBHictb CYP2RI1 [19].
IIpoTe, IMOBiIpHO, iCHYIOTH iHIII MeXaHi3MM, OCKIJIbKU
npurHiveHHs CYP2R1 npu roomyBaHHi criocTepiraam ta-
KOX iy muiieii 3 BukimoueHuM PGCla. Aatsinki et al. mo-
Kaszanu, mo dpapmakonoriyae npurHideHHss GR 3amobira-
Jo inaykuii CYP2R1 Hartie, 1110 CBiT4UTH PO POJIb LILOTO
LIJISIXY B peryaroBaHHi rizpokcuias [20].

Lli BUCHOBKHM cBigyaTh MPO CKJIAAHY B3aEMOIII0 MixX
BiTamiHoM D i gexisibkoMa MeTaOOMIYHMMM LUISIXaMU i
npo te, o piBHi 25(OH)D 3aBasiku pi3HUM MeXaHi3MaM
KOHTPOJTIOIOTHCS, @ HEe TIPOCTO BimoOpakaloTh CITOXKWBAH-
Hs1 BiTamiHy D, sk 3a3Buuaii 1ie mpumyckanoch. Kpim toro,
y MeYiHIli BUSIBJICHO TaKOX iHIIY TiApPOKCHUJIA3HY aKTHB-
HicTh. Bona Bximouae CYP27A1, sIKuit 3HaXOOUTHCS B Mi-
TOXOHJPIsSIX 1 Biflirpae BaxxJuBYy poJib y (hOPMYBaHHI XoJie-
Boi KcioTH, a TakoxX CYP3A4, ssxuit Ma€ KOMIIEHCATOPHY
C25-rimpokcuiazHy aKTUBHICTb [21].

25(OH),D Ta imyHoGioAorig BiTamiHy D

OxkpiMm BimoMoi poJii BiTaMiny D y MeTa00J1i3Mi Kablio
Ta KiCTOK, 3a OCTaHHi JIecsITh POKiB OyJM OmNucaHi 1oaat-
KOBi e(peKkTH, 0COOJIMBO Ha iMyHHY CUCTEMY. 3 €BOJIIOLIIN-
HOI TOUYKU 30Dy, KOHKPETHi JOCIIKEHHSI Ta TOCTiIKEHHS
BCbOIO T€HOMA MPOJEMOHCTPYBAJIU, 110 CTAPOJABHS i MO-
YyaTKOBa poJib BiTaMiHy D mossrana B peryssiii reHiB, 1110
OepyTh yJ4acTh B eHepreTuaHoMy oOoMiHi [S]. TTix yac eBo-
JIIOLT XpeOeTHUX CKeJIeTHAa Ta iMyHHa CHCTeMU pO3BMBa-
JIUCSI OJHOYACHO, a BitTaMiH D OyB LIEHTpaIbHOIO JIAHKOIO
OCTCOIMYHHUX JIBOHAIIpaBJICHUX B3aEMOJIil [22].

HacnpaBni, 0CHOBHOIO MPUUYMHOIO ITUX ITO3aCKETETHUX
edexkTiB BitaMiHy D € 3maTHICTb Pi3HUX TKAHUH JIOKaJIbHO
BUPOOJIATH aKTMBHUIA TOpMOH, T06TO 1,25(0H),D, 3aBas-
k1 pepmeHTy la-rinpokcunasi. [IpuMiTHO, 110 B TOM 4yac
sk 25(OH)D nerxko BusiBIsI€TbCS B KPOBi Ta cedi (Ha piBHi
Hr/mi), konuenTpauisa 1,25(0OH),D nabararo Huxua (Ha
PiBHi IIr/MJ1) i 3HAYHOIO MipOIO PEryJIIOEThCS nepudepud-
HUMU aBTOKPUHHUMU Ta TApaKpUHHUMHU MeXaHi3MaMU,
SKi YHUKAIOTh CUCTEMHOTO €HIOKPUHHOIO KOHTPOJIIO Ta
BUSIBJICHHS.

Y 1971 poui Oyno imeHTH(]IKOBAaHO HUPKOBUIA
CYP27Bl1, i nessxuii yac HUpKY BBAXKAJIUCS €AUMHUM JIKEpe-
aom 1,25(0H),D [23, 24]. Hupkosa dopma CYP27B1 pe-
TYJII0ETHCS IPMHAMHI TpbOMa TOPMOHAMMU, SIKi BilirparoTh
BUpIIIAJIBHY POJIb y KICTKOBOMY MeTa00Ii3Mi: TTapaTUPEOi-
Huit ropmoH (ITTT) cTumyiioe rimpoKcUIOBaHHSI, TOAI SIK
FGF23 i 1,25(0OH),D cawmi iHri0yiots i0ro y Bianosiab Ha
3MiHy KOHIIEHTpaIlil Kaybliio Ta pocdarty. Takox OyIro 1mo-
KazaHo, 110 KaJIbIIMTOHIH cTumy/oe HupkoBuii CYP27B1 i
TIPUTHIYYE JIEITUH, iiMOBipHO, yepe3 FGF23 [4, 24].

Kpim knacuuyHoi HupkoBoi MoayJsiii CYP27B1, Ho-
BUHMU B IIil TajTy3i IIpeacTaBIeHi aOCOTIOTHO Pi3HOIO pery-
ssiniero CYP27B1 B iHIIMX TKaHWHAX, 30KpeMa B iMyHHiit
cuctemi. ¥ 1980-x pokax BCTaHOBJIEHO, IO JOAaBaHHS
1,25(0H),D no MienoinHuX KITHH iHAYKY€ 1X 103piBaHHs
B Oii kiiTuHM KpoBi [4]. CydacHi MOBiZOMJIEHHS TIPO Ti-
nepKajbLUieMilo Ta BUCOKMI pieHb 1,25(0OH),D y nauien-
TiB 3 aHe(pi€lo BHACTIIOK CAPKOin03y T03BOJSIOTh MPUITY-
cTUTH, 110 rimpokcwmioBaHHsg Cl Moxe BimOyBaTHCs M03a
Hupkamu. Y 1983 poui Adams et al. criocTepiraiu poayK-
uito 1,25(0OH),D 3 Mmakpodaris y nauieHTiB i3 cCapKoizno3om
[24]. CroromHi Bimomo, mo Makpodaru 6epyTh y4acTb Y
narodiziosorii 6aratbox 3amnajibHMX IPOIECiB Ta/abo aB-
TOIMyHHMX 3aXBOPIOBaHb (CapKoino3, TyOEpKYy/IbO3, XBO-
poba KpoHa, rpaHyiemaTo3, KpMIITOKOKO3 TOIIO) i IO
BOHM 3[aTHi BUPOOJATH BeNUKy Kinbkicts 1,25(0OH),D
3aBasiku BracHomy CYP27B1. Ha BiaMiHy Big HUPKOBOTO
CYP27B1 makpodaranbHa i3ohopmMa HEe KOHTPOIIOETHCS
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IITT. YrBopenns 1,25(0OH),D 3anexuth Juie Bix HasiB-
HOCTi CyOCTpaTty i He OOMEXYEThCSI TTPOYKTOM HAKOTM-
YeHH:I, 110 0yJI0 iHTEPIIPETOBAHO SIK BiICYTHICTbh KOHTPO-
JI10 KaTtaboivyHuX pepMeHTiB. Lle, iIMOBipHO, € IPUYMHOIO
TOTO, 10 IPK CapKoino3i BupobienHs 1,25(0H),D e criii-
KUM i B KiHIIEBOMY MiICYMKY MPU3BOJUTH JO CUCTEMHOI
rinepkanbliiemii [4]. 3’scoBaHo, 1o peryisiis CYP27B1
y Makpodarax i MoHoOLMTax IepedyBa€ Mia KOHTPOJEeM
uuToKiHiB i 3ananeHHs. CYP27B1 makpodaris ctumyso-
etbes iHTepdepoHoM y (INFy), dakropoMm Hekposy myx-
muHu o (TNFa), intepnetikinamu (IL) 1, 2 i 15, ane He
II1TI. Kpim TOrO, BCTAaHOBJIEHO, 1110 JEKCAMETA30H iHTiOye
CYP27B1 [24]. Kpim makpodariB, TaKoxX IeHAPUTHI KJIi-
tuHu, Th-nmiMmpouut Ta B-miMdomuty excrpecyroTh
CYP27B1, ane TiAbKU TOAi, KOJIY BOHM aKTUBOBaHi. Y LIUX
kinituHax 1,25(0OH),D dyHkuionye gx inribirop lo-rin-
pOKCHUJIa3, TAKUM YMHOM KOHTPOJIIOIOUM X aKTUBAIlilO Ta
npodmigepauio. Beranosneno, o 1,25(0H),D uunuts
0arato aBTOKPMHHUX i TapakKpMHHUX €(EeKTiB Ha KIITUHU
iMYHHOI cuCTeMH, 3a0e3Meuyylour 3BOPOTHHUI 3B’SI30K i3
caMUMM IMyHHUMU KJliTuHamu [4, 24].

Bcranosneno, mo CYP27B1 nokanbHO TIPOLYKYE
1,25(OH),D 1 aBTOKPMHHMX/NApaKPUMHHUX UiIed B
0aratbox iHIIMX TKAaHWHAX, BKJIIOYA0UM eTiTeiabHi TKa-
HUHU, IUTALEHTY, KiCTKY, €HIOKPUHHI 3a/103U (IIPUIIIATO-
NomiOHi 3a1031, OCTPIBLI MiAIIUTYHKOBOI 3aJI031, LIATO-
noniOHa 3aji03a, MO3KOBa peYOBMHA HATHUPKOBUX 3aJ103,
cTaTeBi 3a71031), TOJIOBHUIM MO30K, TIEUiHKY Ta EHIIOTEiii.
ExcnepumeHTaNbHI JaHi CcBigyaTh MPO Te, 1O PETYJIsLis
nokanbHoro CYP27B1 yHukae KiracuuHUX 11a0I0HIB HAP-
KOBOI i30(hOpMU i 3yMOBJIEHA MiCIIEBUMU TKAHUHOCIICII -
¢biyHMMU TToApa3HUKamu [4, 24].

KataboAism, MeTaboAiTH
i TPAHCNOPT BiTAMiHY D

OcraHHIMM JecaTUpiudsiMu ornucaHo moHan S50 me-
Ta0oJIiTIiB BiTaMiHy D, i mesdki 3 HUX MalOTh IEBHE 3HA-
YeHHs1 yepe3 iX 0ionoriyHy akTWBHicTh. HaliBimomimmm
karabonaivnuM depmenTom € CYP24Al, 1o HaleXWUThb
o MitoxoHapianbHOI (dpakitii P450 i xomyeTbess TeHOM
CYP24A1 Ha xpomocowmi chr.20q13.2 [23]. CYP24A1 moxe
rimpokcumosaru gk 25(OH)D, rak i 1,25(0OH),D, npo-
aykyioun 24R,25(0OH),D ra 1,24,25(0OH),D sinnmosinHo.
Lleii xxe pepMeHT y OeKiJbKa €TalliB JOAaTKOBO KaTalli3ye
TiIPOKCUIIOBAHHS [UX TPOMYKTIB, IO TPU3BOAUTH 10
yTBOpeHHS 24- i 23-rizpokcuiaboBaHux noxigHux. KiHie-
Bi TIPOIYKTH SIBJISIIOTH COOOI0 HEAKTUBHY KaJbLIUTPOEBY
KHCJIO0TY ab0 26,23-11aKTOH, 1110 BUAISETHCS 3 XKOBYIO 200
ceuero. CYP24A1 nmocumoetbest Kanbuutpionom i FGF23
Ta npurHiuyetbes I[TTT i rinokanbliemiero. CYP24A1 Gyno
BUSIBJICHO B 0aratbox TKaHMHax, 110 ekcrnpecytots VDR.
Taxkox BCTaHOBJIEHO, IO BiH Biflirpa€ BUPIIIAJILHY POJIb Y
JIOKaJIbHIN MOMyJIsLil akTUBHOCTI BiTaminy D [23]. Onu-
cani natoreHHi Bapiantu CYP24Al, 1o BigmmoBimamoTh 3a
igionaTUYHy JUTSAYY TiMepKaIbLiEMiI0 — PiIIKICHUI pO3-
JIajl, 110 BUHMKAE BHACIIOK MOPYILISHHS KaTabo1i3My Bi-
TamiHy D i CynmpoBOIXY€ETHCS MOAATBIIONO TillepKaJIbIli€-
mieto [22]. Ha nonatok no CYP24A1 Oynu onucaHi iHuIi
JPYTOPSITHI METabOJIiYHI HUISIXU, SIKi BCE 11Ie MOTPeOyIOTh
MOJAIBIIIOr0 BUBYEHHS [25].

HasgBHicTh Takoi KiJIbKOCTi METa0OdiTiB CTUMYJIIOE
PO3pOOKY HOBMX i OiJIBIII TOUHUX aHAJITUYHUX METOINK. 3
1970 p., Koau Oyau TpeacTaBieHi BUCOKOE(MEKTUBHI Me-
TOOY PiAMHHOI XpomaTorpacii, BOHU IMOCTiiHO BAOCKOHA-
Jo10Thesl. ChOTOIHI HAWHOBIIIIMM aHaJli30M € METOAMKa
PX-MC-MC, sKy Ha3uBalTh 30JI0TUM cTaHmaptoMm. Lle
MOSICHIOETBCSI BUCOKOIO UYTJMBICTIO, BiATBOPIOBAHICTIO
i TouHicTio, 3martHicTio pospisHaTM 25(OH)D, i 25(0OH)
D,, a Takox ix enimepHi ¢opmu. Kpim Toro, 1eii aHanis
JIa€ MOXJIMBICTb OJHOYACHO BUMipIOBaTU Pi3Hi MeTabo-
gty Bitaminy D. Hapasi ctanmapTu3oBaHMMHM MeTOIAMU
MOHAa BUMIpIOBATH I1’SITh TIPOMIXKHUX MIPOIYKTiB, a caMe:
Biramin D, 25(OH)D, 10,25(0OH),D, 24R,25(OH),D Ta
C3-epi25(OH)D [26—28].

Tpancmopt MeTaboiTiB Bitaminy D Ha 85 % npunanae
Ha 0Oiyok, 110 3B’s13ye Bitamin D (DBP), 3 Bucokoio adin-
HicTio i Ha 15 % — Ha abOyMiH 3 HM3bKOIO adiHHiCTIO. Yei
MeTaboJ1iT BitTaMiHy D MOXyTbh OyTH 3B’sI3aHUMU OTHUM i
M ke Mictiem DBP, Hagits axuo 25(OH)D i 1,25(0H),D
MaroTh HaliBUIILy ahiHHICTb [29].

Binbauii 25(OH)D cranosuts ~ 0,03 %, a 1,25(0OH),D —
~ 0,4 % Bin 3arajbHOI KUIBKOCTI META0OJIITIB, i BOHU KJa-
CUYHO IHTEpIIPETYIOThCS SIK €IMHUN AKTUBHUI TOPMOH,
110 TIPOHUKAE B KJIITUHU (TilOTE3a BiJILHOIO TOPMOHY) [4].
[Ipote, nmpuHaAMHI IJIs AESIKUX OPTaHiB, IK-OT HUPKH, Ti-
1oTe3a BUIBHUX TOPMOHIB Oyjla HEIIOJABHO MEpPErysTHyTa.
CrpaBai, 0y/10 oKa3aHo, 110 BeJUKHUI TpaHCMeMOpaHHUIA
OUIOK MeraJliH TIPUCYTHIl Ha arliKaJbHiil CTOPOHI KIJIITUH
MPOKCUMATbHUX KaHAJBLIB i i€ IK peLenTop Ijs KOMII-
nexcy Bitaminy D-DBP pazowm i3 0inkom KyOymiHOM. Bim-
MOBIiTHO JO W€l rirmoTe3un, MU 3 BUKII0YeHUM Lrp2, 110
KOJIy€ MeraJliH, IeMOHCTPYIOTh BUPaXKeHY OCTEOMAJISIIIIO Ta
MOTraHy BUXKUBAHICTb, MiAKPECTIOYM KIIIOUOBY POJIb 3B’SI-
3yBaHHs1 DBP-emHocTi B HupKkax [30]. 3 iH1110ro 60Ky, pojib
1IbOTO MEXaHi3My B iHIIMX TKAHWHAX 3aTUIIAETHCS HEsIC-
HOIO: METaJliH eKCIPECYEThCS B KiIbBKOX TKAaHUHAX, Y SIKUX
BiTamiH D BUKOHye mo3acKeeTHi (PyHKIIil, aje MeraiH-
ortocepenkoBaHe noriarHaHHsT DBP moBHicTIO He 3’sicoBa-
HO. ¥Y3arajbHIOl0uM ocTaHHi nokasu, DBP ¢yHKiionye K
BEJINKUI pe3epByap uupKysoodoro 25(0OH)D, mo 3amobi-
rae aediuury BitamiHy D, Koju mpornosulis Hu3bka. Kpim
toro, DBP Takox (hyHKIIIOHYE SIK PETYJISITOP IOCTYITY BiTa-
MiHy D 10 KJTITUH HUPKM i, IIBUIIIE 32 BCE, B iHIIUX TTEPU-
(hepruHmMx TKaHUHAX [29].

[eH peuenTopa BitamiHy D
KOHTPOAIOE AEKiAbKQ reHiB
TA enireHeTUYHY MOAYASILLIIO

Ien penientopa Bitaminy D moguHu po3raiiioBaHuil Ha
chr. 12 i MicTUTB 1eB’ITh €K30HIB. 3a OCTaHHI ABAALSITH PO-
kiB JIHK VDR 0ynu oTpmMaHi Ta KJIOHOBaHi Bifl KiJTBKOX
BUiB (JIIOIMHU, MUILIEH, 11ypiB To11o0). VDR € nosinenTu-
nom 50 000 da, yrBopeHU OMHUM aMiHOKHUCJIOTHUM JIaH-
oroM. BiH Maiike MOBCIOIHO TMOLIMPEHUI B OpraHi3mi,
1IOHAMEHIIIe Y TPUILSITU TKAaHUHAX, 5IKi OepyTh y4acThb y
MeTa0o0JIi3Mi KiCTOK (KMIIEYHUK, KiCTKM, XPSIi, HUPKHN)
abo B iHIIMX TO3acKeJeTHUX (QYHKILIAX (CeplieBO-CyaIUH-
Ha CHCTeéMa, iMyHHa CHCTeMa, X1NpoBa TKaHMHa Ta 0arato
inmmx) [31]. VDR HanexuTs 10 cyrepciMeiicTBa ssaepHux
PELIENITOPIB pa3oM 3 pelieNITOpaMM iHIIMX CTEPOITHUX FOp-
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MoHiB. Lli perienTopu MalOTh CIIJIbHY 31aTHICTh 3B’ 13yBaTU
CBOI JIiraHAM B HAHOMOJISIPHUX KOHIICHTpALisX Yy CIIelu-
¢iyHOMY KOHCEpBaTHBHOMY JIiraHA3B’SI3yI0UOMY JOMEHi
(LBD). Konu VDR 3p’sa3yerbea 3 1,25(0H),D, Bin Moxe
TMOCSITTU Siipa i YTBOPUTHU TeTEPOAMMEDP 3 PETUHOITHUM
X-peuentopoMm (RXR), a Takox 3maTHMIT B3a€EMOMISTU 3
eJieMeHTaMu TeHHOI Biarnosini [4, 31].

[HiiicHo, BiTaMiH D ocTaHHIM YacoM cTaB rapsiuolo Te-
MOIO B HYTPUTEHOMIlli, SIKa € AUCHUMIUIIHOI, 110 BUBYAE
dakropu cepenoBuila, 3MaTHI BIUIMBATU Ha TPaHCKPUII-
TOM i enireHoOM. OCTaHHE € HOBOIO Ta 1iKaBOIO Trajy33io
y IOCTIKeHHSIX BiTamiHy D. XpoMaTwH € CTpyKTypoOlo,
y skiit reHomHa HHK, Oifku ricTOHiB, 1110 yTBOPIOIOTH
HYKJICOCOMH, i HETiICTOHOBI OiIKM yIakoBaHi B siapi, i BiH
SIBJISIE COOOI0 KOMOpY YCi€l caakoBoi iHhopMallii Joau-
HU. XpOMAaTUH iCHy€ TIpMHANMHI y IBOX pi3HUX (popMax:
MEHII IIIJIBHOMY i TOCTYITHOMY JJIsl TPAHCKPUIILLii eyXpo-
MaTHHi i KOMOAKTHOMY, (PYHKIIIOHAJIbHO PerpecOBaHOMY
rerepoxpomaTuHi. Li pi3Hi KoH(bOpPMallii 3HAYHOI MipoIO
MOB’s13aHi 3 MOCTTPAHCSILIMHUMU 3MiHAMM OiIKIiB Xpo-
maTtuHy. EmireHomika BuBYae Bci mommdikamii (Hampu-
KJal, METWIIOBaHHs TiCTOHIB ab0 aleTWIIOBaHHS), SKi
BinmOyBalOThCS B XPOMATHHI 3a BiICYTHOCTiI FTEHOMHMX 3MiH
[32]. Lli enireHETUYHI 3MiHU MOXYTb OyTH JIy>Xe CTaOiIb-
HUMM i CMTaJKOBUMU ab0 HECTaOUIbHUMU i TUMYACOBUMU
i KaTaJi3ylOThCSI TaK 3BaHMMH XPOMATUHMOOU(IKYIOUN-
MU hepMeHTaMu, 151 SKUX OYJIO 3HAMIEHO KiJbKa COTEHb
rexiB [33]. VDR gie sk ¢dakTop TpaHCKPUMLIi i 3MaTHUIA
MOJIYJTIOBaTH T€HU, 1110 KOAYIOTh XpOMaTUHMOAUDiKyOUi
depMeHTH, TAKUM YMHOM MOJYJIIOIOUM EIIreHOM JIOAUHU
[34, 35]. OgaumM i3 npukianis € KDM6B/JIMJD3, ricton
H3 nisunnemerunasuy, sika inaykyerses 1,25(0OH),D/VDR
i, Y CBOIO Uepry, MoayJitoe MeTaboJi3m BiTamiHy D. Pereira
et al. mokaszanu, mwo 1,25(0H),D/VDR innykye PHK
JMJ D3 B KJIITUHAX PaKy TOBCTOI KUIIIKY JIIOAWHU, 110 CBilI-
uuth npo ponb 1,25(0H),D B emireHOMHUX MOMiAX Ipu
paKy TOBCTOI KUIIKH [36].

[HIMM piBHEM €MireHOMHOTO KOHTPOJIIO 3a JOMOMO-
roo VDR € npsima B3aeMomist mixk VDR i xpomaTuHOBUMM
oinkamu. Kpim toro, 6yo nmokasano, mo VDR B3aemoie 3
KoaKTuBaTopaMM, Takumu sk cimeiictBo NCOA abo kope-
npecopu, Taki sk 6i1ku NCORI, 110 BianoBiqHO MPU3BO-
IATh 0 JIOKAJIBHOTO BiIKPUTTS a00 3aKPUTTS XPOMATHUHY
[37]. YaacTh Iux KOPETy/IATOPIiB TAKOXK BaXJIMBA IJISI TKAHU-
HocrieMdigHOI i KITiTHHOCTIEMMIYHOI peryssiii nudepeH-
mianii. [TpukiamoM Moxke CIy>KUTH IIKipa, 1e 3MiHa pi3HUX
1,25(0OH),D/VDR reHiB, 1110 KOHTPOJIIOIOTH MpoLeC aue-
PEHIIIIOBaHHSI KEPATUHOLIUTIB, PETYIIOEThCS MOAATBIIUM
3aJTyYeHHSIM Pi3HUX KOPETYJISITOPIB CiMeiicTBa Me/1iaTOPHUX
komruiekciB (MED) Ha paHHiii cTaii Ta KOaKTUBATOPIB CTe-
poigxux peuentopiB (SRC3) Ha mi3Hix cTamisx [13].

BBaxkatotb, 1110 VDR B3aeMopie 3 6inbiie Hix S0 sinep-
HUMU OiJIKaMU i I71MO0KO BIUIMBAE HA PEKOHCTPYKIIIIO XpO-
Matuny [32].

VDR Takox OyB BUSIBJIEHUI B iHIIOMY CYOKJIITUHHO-
MY MicClIi, a caMe B TpaHCMeMOpaHHOMY PeLeITOpi, SIKHUA,
OYEBUJHO, aKTUBYETHCS aHaJoraMu BitamiHy D 3 iHIIIOIO
KoHirypamieo (6S-11c), AKIIO MOPIBHIOBATA 3 THUMU,
sIKi akTUBYIOTh simepHuit VDR (6S-trans). Tpancmewm6-
panHuii VDR € onHUM 3 pelienTopiB, 3a TOMOMOIOIO SIKMX

BiTaMiH D 3xiiicHI0O€E HEreHOMHMWI WIBUIKWI BIUIMB Ha
KIITUHU-MilIeHi Ta TKaHWHU. JlesgKi HereHOMHi edeKTn
BiTaMiHy D, sIKi BimOyBalOThCS IBUIKO MPOTITOM JEKiTb-
KOX XBWJIMH a00 TOAMH, BKJIOYAIOTH IIBUAKY KUIIKOBY
abcopOl11ito KaJblilo (TpaHCKaIbTaxis), CEKpellito iHCyJTiHy
KJIITMHAMU MiILLTYHKOBOI 3a7103U, BiIKPUTTS BOJIbTaX3a-
nexxHux Ca’*-kaHasliB B ocTeoOyiacTaX, a TAKOX IIIBUIKY
Mirpaliito eHIoTe iaJbHUX KIiTUH [4].

MAenoTponHi epekTu BitamiHy D

Knacuuna posb 1,25(0OH),D y merabonismi Kanbuioo/
KIiCTOK, a camMe B Peryjsiiii KHMIIKOBOTO BCMOKTYBaHHS
KaJbllilo, peadcopOIlii Kajbllil0o HUpKAaMu Ta MOOiTi3alii
KaJbLilo Ta ¢pocdarty 3 KiCTOK, BiZoMa IIPOTITOM AECATHU-
JIiTh. 3 iHIIOTO OOKY, 3a OCTAHHE NECATWIITTS IpPO BiTa-
MiH D my6mikyBanochk y cepenapoMmy 3000 craTeil Ha pik
3aB/ISIKM HOBUM BMCHOBKAaM 111010 TT03aCKeJEeTHUX e(PEeKTiB
1boro ropmony [38]. Hwkye Mu y3araJbHUMO YacTUHY 3
HUX, 30kpema BB 1,25(OH),D Ha iMyHHY cucTeMmy Ta
CEePIIeBO-CYIUHHY CUCTEMY.

IMyHHO cucrema

BBaxatotsb, 110 BiTamiH D BIIMBaE K Ha BPOIXKEHY,
TaK i Ha HaOyTy iIMyHHY CUCTEMY 3i CKJIaIHUMM eheKTaMu,
SIKi 11e OO0 KiHIg He 3’sicoBaHi. Hamu BXe oKpecieHo, 110
3aBASIKMA 1 0-TiIPOKCWIIOBAHHIO aKTUBHUI TOPMOH BU-
pOOJISIETBCA Y Pi3HUX KIITMHAX iIMYHHOI CUCTEMHU, NI¢ BiH
CIIpaBJIsiE aBTOKPUHHMI 1 TapakpuHHUIl edekT. 30BCiM
HEU[0JJaBHE JOCIIKEHHS LiJIbOBUX TeHiB BiTaMiHy D oi-
HUJIO i TTOPIBHSUIO yCi HJOCTYITHI HA0OpM MAaHUX IJISI BChO-
ro TPAaHCKPUNTOMY 3 JIFOJCHKHUX MOHOIIMTIB, 00pOOIeHUX
1,25(0OH),D in vitro [39]. bynu BusHadeHi Ta Knacugiko-
BaHi Ha Tpu rpynu 15 ninboBux reHiB VDR 3 moTeH1iitHoO0O
KJII0UOBOIO pOJUTIO B iMyHHili Binmosigi. Ipyna 1 Bkiioua-
na reau CAMP, CD14, FNI1i TREM1, sKi MatoTb HU3BKY
0azajibHy €KCIIpPecilo, aje € BUCOKOIHAYKTUBHMMM MiCIsI
akrusauii 1,25(OH),D/VDR i konyioTs 6i1Ku, siKi OepyTh
y4yacTh y HeraiiHiii peakiiii Ha iHdeKIlito. 3arajoM UMU
reHaMHu KOIYIOThCSl epeKTopr CUTHaIbHMX NUIsIxiB LPS/
TLR4. Ipyna 2 Bkitouae renu LILRB4, LRRC25, MAPK 3,
SEMA6B, THBD i THEMIS2, HeoOXiaHi 1151 3arajibHOI pe-
akii Ha iHdekiito. [pyna 3 Bkmovyae renu ACVRL 1, CD93,
CEBPB, NINJ1, SRGN, sixi 6epyTb y4acTh y JOBIOCTPOKO-
BHUX aBTOIMyHHUX MeXaHi3Max, He ITOTPeOyIOTh 3B’ sI3yBaH-
Hs Jjiiranay 3 VDR i, fiMoBipHO, 6epyTh y4acTh B €lireHOM-
HOMY perytoBaHHi [39, 40].

Mathieu et al. HelrogaBHO ITOBIZOMUJIM IIPO BCeOiU-
HUM Meperjisia BIUIMBY BiTamMiHy D Ha iMyHHY cucTeMmy.
I monouwmTH, i Makpodaru excrpecyiotb VDR, mpuaomy
OCTaHHi Ha OiJbIII BUCOKHMX PiBHX, HiX Iepiii. byyo mo-
kaszaHo, wo 1,25(0OH),D crumymoe mudepeHuianiio ta
npoJtidepariito MOHOIIUTIB, TOMI SIK 3arajlbHUI edeKT Ha
aKTUBOBaHI Makpodard IpU3BOIUTL OO 3HMXKEHHS 3a-
nanpHoi peakuii. [iiicno, 1,25(OH),D crumymoe Bupo-
OneHHs npotusanaibHoro IL-10 i 3MeHIlye BUBiIIbHEHHS
npo3amaibHuX edekTopis, Takux sk [L-1B, IL-6, TNFa,
aKTUBATOP pelenTopiB siaepHoro dakTopa kappa-B niran-
ny (RANKL) i muknookcurenasa-2 (LIOI'-2) [41]. IIpo-
IMOHOBAHI CUTHAJIbHI 1IJISIXU, 1110 OTIOCEPEIKOBYIOTH IPO-
TU3anajJbHUI edeKT, BKIUYaTh: 1) MiIBUILEHHS PiBHS
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MAPK i MKP Ta inrioyBanus LPS/p38; 2) moayisiito
ynaeHa 4 HaxaciMmelicTBa TioecTepa3 3 TOAAIBIIMM iHTIOYy-
BaHHsaM L1OI'-2; 3) npsiMuit aHTUMiKpOOHMI eeKT 3a pa-
XYHOK iHAYKIIiI TPOTUMiIKPOOHOTO MEeNTULY KaTeTiLUANHY
(CAMP); 4) anTrOKCUAaHTHUH edeKT yepe3 MiABULLIEHHS
rnyTaTtionpenykrasu (GR) 3i 3HMXKEeHHSIM aKTUBHUX (DOPM
KucHIO [4, 41].

3 iHmoro 60Ky, BitaMiH D mnpurHiuyye HaOyTy iMyHHY
CHUCTEMY, B OCHOBHOMY 3HIKyIoun ekcrpecito MHC xiacy
Il Ta Monexys, 110 MepenaTb CUTHAIM Ha aHTUTEHIIpe-
3EHTYIOUI KJIITUHU, 3HWXKYIOUM aKTUBHICTh KiaiTuH THI i
THI17, a TakoxX TOCWIIOIOTH peryisiito T-miM¢bonuTis.
KiHueBuM pe3ynbTaToM € MOKPaIleHHS PeryJssTOPHOro i
3axycHoOro peHotuny T-xmituH [41].

3 KIiHIYHOI TOYKU 30py, nediuuT BitTamiHy D cuibHO
OB’ SI3aHUM 3 MiABUIIEHUM PU3UKOM iH(EKIIil, ITopyIIeH-
HSIM PEryJisiilii iMyHHOI CCTEMM Ta aBTOIMYHHUMM 3aXBO-
proBaHHsIMU [38].

CrneundiyHUM MUTAaHHIM, K& OCTAaHHIM 4acoM Haly-
JIO BEJIMKOI aKTyaJbHOCTI, € B3aEMO3B’SI30K TiMOBiTaAMiHO-
3y D i nereHeBoi indexuii. Konuenrtpauis Bitaminy D mae
3BOPOTHY 3aJIEKHICTh 3 PU3MKOM MHOXWHHUX YPaXeHb
JIeTeHb, TaKUX SIK MO3allikapHsHA ITHEBMOHIs, TOCTpUii
pecIipaToOpHUi TUCTPEC-CUHAPOM, CETICHC, ceplieBa He-
JIOCTATHICTh i CMEPTHICTh Bif JiereHeBUX iHGeKLiii [42].
OcraHHili BennKuii MeTaaHai3 Oinbine Hixk 10 000 cy0’ek-
TiB MPOJEMOHCTPYBAB, 1110 100aBKM BiTaMiHy D BifirparoTh
3aXMCHY POJIb MPU TOCTPUX PECITiPATOPHUX 3aXBOPIOBAH-
HsIX y gopociux [43]. 3aBasiku MM BUCHOBKaM BitaMiH D
30BCiM HeJaBHO BilirpaBaB BaxkJIMBY POJIb SIK HYTPi€EHT IJIsI
JiKyBaHHS a60 npodinaktuku COVID-19 [2].

[Ilono aBTOIMyHHMX 3aXBOPIOBaHb, iCHYE ILiKaBUiA
3B 130K MiXK HM3BbKMMMU PiBHSAMHU BitamiHy D i migBuiie-
HUM PU3UKOM PO3BUTKY po3scisHoro ckieposy (PC). Hde-
SIKi TIPOCIIEKTUBHI JOCTiIKeHHST MPOAEMOHCTPYBau, 110
ninBuiieHHs1 piBH 25(OH)D 3HauHO 3HMXKYBaJIO PU3MK
po3Butky PC cepen eBporeoinHoi momyJsiiii; KpiMm Toro,
npuiioMm xosekanbiudepory Ta iHTepdepony f1b 3HauHO
3HIKYBaB aKTUBHICTb 3aXBOPIOBAHHS ITOPIiBHSHO i3 3aCTO-
cyBaHHsIM Jiniiie iHTepdepony B1b [44, 45].

CepLeBo-CYAUHHO CUCTeMa

Ha nouarky 1980-x pokiB Podept Ckparr BUCYHYB Ti-
1oTe3y, 1110 30UIbIIIEHHSI CEPIIEBO-CYIMHHUX 3aXBOPIOBaHb
(CC3) y3uMmKy Moxe OyTHM HacClIiIKOM HU3bKUX pPiBHIB
25(OH)D uepe3 3MeHILIEHHSI BIUIMBY COHSYHOIO CBiTJIa
[46]. Llsg inest BUKJIMKAJIa BEJIMKUI iHTEpeC A0 MOTEHIIiM-
HUX CeplIeBO-CYIMHHMX MepeBar BiTaMiHy D, 110 npusBe-
JIO IO KiJIbKOX ITyOJTiKalliif 3a OcTaHHi AecsaTh pokiB. OmHaK
dizionoriuyHa ais BitamiHy D Ha cepiieBo-CyIMHHY CUCTe-
My JIOCi He sSICHA.

VDR excnpecyeTbes B TKAHWUHAX CepLsT ITYPiB i JIIO-
IWHM i Billirpa€e MOTEHLIHHY POJIb SIK MOAYJISITOP CEPLIeBOI
rinepTtpodii i cepuieBoi HenmoctaTHocTi (CH). g rimoresa
3aCHOBaHa Ha KOHLENLUii, 1O MOPYLIEHHSI CKOPOTJIMBO-
cti Miokapga nipu CH moB’s3aHe 3 TOTipIIeHHSIM BHY-
TPIlIHBOKJTITUHHOTO OOMiHY i0Hi30BaHOTO KaJIbllilo, a
1,25(0OH),D Gepe Ge3nocepenHio y4acTb y KasbLiki3anex-
HUX KJIITUHHUX Tpoliecax, BKIIOYalYu CUHTE3 OiiKka, 1110
3B’s13y€ Kallbllili, aKTUBAllil0 aAeHiTaTUMKIA3M, IIBUAKY

AKTUBAILiI0 BOJBTAX3AJIEXKHUX KaJblLI€EBUX KaHaIiB Ta MO-
TyJISILLI0 TIOTJIMHAHHSI Ta BUBUIBHEHHST KaJIbIlil0O B CApKO-
MJIa3MaTUYHOMY PETHKYIyMi [46].

I[HIIMM MOXUIMBMM MeXaHi3MOM € WMOBIpHa poOJb
1,25(0OH),D sk HEraTUBHOIO PETYIATOPA PEHiH-aHIiIOTEH-
3uH-anabaocTepoHoBoi cuctemMu (PAAC). V mauieHTiB K
3 HOpMaJbHMM THUCKOM, TaK i 3 apTepiaJibHOIO TilepTeH-
siero (AI') cuposarkosuit piseHb 1,25(OH),D oGepHeHo
MOB’sI3aHUI 3 aKTUBHICTIO PEHiHY TUIa3MM, 1110 CBIIUYUTH
Mpo IMOTeHLiHY posb BiTaMiHy D y matorenesi Al yepes
peryisiito piBHS peHiHy. OCTaHHI JaHi ITOKa3ajiu, 10 pe-
LIENTOPH SIIEPHUX TOPMOHIB, BKiItouaroun VDR, perienitop
X nmeuinku (LXR) i penientop, akTMBOBaHMIA mpoJtihepa-
topamu niepokcucom (PPAR), peryioloTh TpaHCKPUIIILIiO
reHa peHiHy yepe3 crelu@iyHi e1eMeHTH B MPOMOTOPi pe-
HiHy [46].

CwibHa minTpuMKa yyacTi BiTamiHy D y maroreHesi
CC3 nmoxomuTh Bil €KCHEPUMEHTAJIBHUX MOCITIIXKEHb Ha
muiiax 3 BukmodeHHsiM VDR (VDR—/—). BcraHnosieHo,
10 Y TaKUX MUILIEN pO3BUBaIOThCcsl TUIOBI o3Haku CH,
BKIIOYAalouM aktuBauio cucteMu PAAC, rimeprpodiro
cepus, BUCOKMI apTepiajibHUIA TUCK i MiABULLIEHHS PiBHS
IepencepaHoro HaTpiilyperuyHoro rentumay. Kpim Toro,
PO3BUTOK TinepreHsii y muieir VDR—/— MoxHa Kopury-
BaTH 3a JIONOMOro0 iHribiTopiB AIIM, nuile KO piBeHb
Bitaminy D € nocratuim [47, 48].

Honatkosi edexru 1,25(0H),D crocyiothes cyauHHOL
cHCTeMU; IilicHO, BiTaMiH D Moxe MoyitoBaTH picT Tia-
KO1 MyCKYJIaTypy Ta €eHAOTEeTialbHUX KJIITHH i 3MaTHUH iHTy-
KYyBaTH aKTUBALLIIO CYyTMHOPO3IINPIOBAILHUX aHTUTPOMOO-
TUYHUX TeHiB. Kpim Toro, BitamiH D, iIMOBIpHO, MpUTHIYY€E
3arajieHHs i 3MEHIIyE OKMCHEHHSI JIITOMPOTEiHiB HU3bKOI
LITBHOCTI, 110 HAJa€ TOTEHIIiifHY KOPUCTb IS CYIWH.
YV mumeit VDR—/— Ttakox crioctepirae€rbes TirepKoaryJisi-
1Iis i TTepeAYacHU PO3BUTOK aTePOCKIIepo3y [47].

3 KIIiHiYHOI TOUKHU 30py, HU3bKI piBHI 25(OH)D y cu-
poBaTui OynM IOB’si3aHi 3 mmigBuileHUM pusukom CC3,
BKItouatoun Al immemiuHy xBopoOy cepiist, CH, iHcynbT Ta
LT 2-ro tuny [46, 49]. [TepekoHIuBI AaHi Oy/M OTpUMa-
Hi, 30KpeMa, 11010 3B’sI3Ky MixX rirmositaminozom D i CH,
sKa BCEe 1IE 3aJMIIAEThCS OJHIEI0 3 OCHOBHUX MpoOiIeM
IrPOMAJICBKOTO 37I0pPOB’Sl 3 MOTraHUM TpPOTHO30M. Bennka
koropra mauienTiB i3 CH Oyna ouinena Gotsman et al.,
o onucanu 3miHu piBHg 25(OH)D y cupoBatii npotsi-
TOM pOKY Ta BIIMB AedinuTy BiTamiHy D i iforo no6aBok
Ha cMepTHicTh. Y nonysuii xBopux i3 CH mediuur Bita-
Miny D 4iTko mepembayaB HU3bKUII piBeHb BYDKMBAHHS, a
nobaBka BiTamiHy D 3HMXKyBana CcMEpTHICTh [4].

HemogaBHo Oyno moBiZOMJIEHO MpO pe3yJbTaTd iTa-
Jliicbkoro mocnmimkeHHs 261 mamienTta i3 CH, y skux
HU3bKi cupoBaTKoOBi piBHi 25(OH)D obepHeHo KopetoBa-
JIN 3 BaJiTOBaHMM ITOKa3HUKOM cMepTHocTi Bim CH [50].
Y minrpyni 1uMx mauieHTiB TaKkoOX CHOCTEpirajucst cep-
LIEBO-CYAMHHI HACJIiIKN, CepedHi piBHI CHMPOBATKOBOIO
25(OH)D Oynu cTaTUCTUYHO HWKYMMM, HiX Y 3J0POBUX
oci6 (45,2 + 23,7 umonb/n nporu 58,2 + 24,0 HMOJB/1,
p <0,001), Ta Gysa Gijbla MOMKUPEHICTh HEAOCTATHOCTI Bi-
taMmiHy D mopiBHSIHO 3 KOHTpoOJIEM (CUPOBAaTKOBUIA piBeHb
25(0OH)D < 50 amonw/ny 61,1 % nipotn 39,5 %, p < 0,001),
110 OyJ10 acolliioBaHO 3 OiIbII BUCOKOIO CMEPTHICTIO.
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Xunposa TKAHUHA Ta MEeTABGOAI3M
FAIOKO3U/AiNiAiIB

OcTaHHi 1OCTIIKEHHS TTOKa3aJIu 3B’ 130K MiX HU3bKH -
MU piBHSIMHU BiTamiHy D i Maliixke BciMa acieKTaMu MeTabo-
JIIYHOTO CUHApOMY, a came i3 LIJ] 2-ro TuIty, mopyueHHsIM
rrikeMii Hatmie, Al, nucainigeMielo, OXXMpPiHHAM Ta iHCY-
JiHope3ucTeHTHicTIo [51]. ToMy KinbKa mociiikeHb Oyiau
30cepemXkeHi Ha poui BiTamiHy D y GioJorii >kupoBoi TKa-
HUHU. 30Kpema, MoKa3aHa HeraTuBHA KOPEeJIsiiiisi MiX BiTa-
MiHOM D i slenTMHOM 200 pe3uCTUHOM, a TAKOX 3BOPOTHA
KOpeJIsilis 3 anuimoHeKTUHOM [52]. HemaBHi mocimkeHHs
Ha mumiax 3 nediuuToM BitamiHy D rmokasanu mopyueHHst
CeKpellii CTUMYJIbOBAHOTO IJIIOKO3010 iHCYJIiHYy OCTpiBLISI-
MM MiIIITYHKOBOI 31031 [52].

Henasniit ornsin C. Mathieu miaTBepauB pojib BiTami-
ny D mpu L. diticno, VDR npucyTHi y BCiX TKAaHMHAX, SIKi
OepyThb y4yacTh y maroreHesi LIJI 1-1o i 2-ro TumiB, 30Kpema
B OCTPIiBLSIX MiAIILIYHKOBOI 3aJI03U Ta iMyHHMX KJIiTMHAX,
JKMPOBI TKaHWHI, MEYiHIIi i M s13aX. Y BCIX IIMX TKAHWHAX i
opraHax MexaHi3MM, BilMOBiIaabHi 3a MiclieBe BUPOOJEHHSI
1,25(0H),D Ta iioro merabosiTiB, TakoX MpucyTHi. Kpim
TOro, HU3bKMIA piBeHb BiTaMiHy D moB’sa3aHuii 3 MiABUILIE-
HuUM pu3nkoM LI/l o0ox TumiB, a Ha HEKIJIBKOX MOMIEJISIX
TBapyH OYyJIO MOKA3aHO MOKpAILIEeHHsI (PYHKIIii OCTPIBLIB i
YYTIIMBOCTI 10 iHCYMiHY Ipu mpuiioMi BiTaminy D. OmHak
HeOoOXiTHi MepeKOHIMBI paHAOMi30BaHi MIPOCIIEKTUBHI J10-
CJIiIDKeHHSI Ha JIIOMSIX, 1110 1OCi BincyTHi [52].

M’asn

Bcranosneno, mo medinut Bitaminy D Bimmosigae 3a
M’SI30BY CUJTY, TOPYIIEHHSI piBHOBAru Ta MiABUILIEHUI pu-
3UK TajiiHb. Ha Mozesi Hy/JbOBUX MUILIEH 3 BUKIIOUEHU-
mu VDR mokazanuii cneuudivHuit GeHOTUIr 3 He3piauMu
M’s13ocnieliniYyHMMU TeHaMU, 110 XapaKTepu3yBaBCs Ti-
neptpodieio Kapmiomiouuti Ta CH [53].

Pak

B excriepyuMeHTalIbHUX TOCIIIKEHHSIX OyJI0 MOKa3aHo,
mo VDR excnpecyeThcst AiHiIMU paKOBUX KJITHH, i TIepe-
0ava€eThCs, 110 BiH Biirpa€ poJib y ITaTOTeHe3i Ta IIporpecy-
BaHHi paky. CYP27B1 TakoxX 3Ha4HO €KCIIPeCy€EThCs B Oara-
ThOX PAKOBUX KJIiTMHAX i TKaHWHaX. CrioyaTky Ha KJIiTUHaX
Mi€JIOMU Ta MEJIAaHOMM, a TTOTIM Ha iHIIMX PAKOBUX KITITUH-
HUX JIiHisgX Oys10 nokasano, 1o 1,25(0H),D mae antunpo-
JicdepatuBHuii edext [54]. AHanoru BitamiHy D ynoBiib-
HIOBaJIM IIPOTPeCyBaHHsI paKy Ta pO3BUTOK MeTacTasiB [55].
LikaBum npukiagom € menanoma: 1,25(0OH),D ta ananoru
YiTKO IPOAEMOHCTPYBaAIN CIIPUSITIMBUMN eheKT SIK iHTi0iTO-
pu TipoJtichepallii Ta poCTy MeJTaHOMMU, Y 3B’SI3KY 3 UMM OyJIn
3aMpONOHOBaHI SIK MOTEHIIiliHa aj’loBaHTHA Tepartisi, 0CO-
0JIMBO SIKIIIO 11 3aCTOCOBYBATH MicCLIeBO [55].

Kuniniuni pani monmo 3B’s3Ky BiTamiHy D Ta paky €
OLTIbII CyINepeuwIMBUMU: HU3bKUI piBeHb BiTamiHy D OyB
OB’ SI3aHUIA 3 OiIBII BUCOKMM PU3UKOM PaKy, aje paHmIo-
Mi30BaHi KJIiHIYHI AOCTIIXKEHHS HEe BUSIBUJIU XOAHOI 3Ha-
qyI101 KOPHUCTI Bif 100aBoK BiTamiHy D. OgHak MixkHapo-
Hi 0araToLEHTPOBI paHAOMi30BaHi KJIiHIYHI JOCiI>KEHHS,
creliaTbHO PO3po0eHi M1l M03acKeJIeTHUX e(DeKTiB BiTa-
miny D, Bce 111e TpuBaloTh, i MU CITO/IiBAEMOCS, 1110 BOHU
MPOJIIIOTH CBITJIO Ha 1110 CYyNePewWIMBICTb [1].

BuCHOBKMU

Yitko BU3HaHO, 1110 BiTaMiH D € MoJieKynom0 3 AeKiJb-
KOMa eHIOKPUHHUMU, MapaKpUHHUMU Ta aBTOKPUHHUMU
BIUIMBAaMM Ha 0Oe3J1i4 TKAHWH i OpraHiB, KpiM HiaTpuM-
KU ToMeocTtasdy ckejeta. JloCmimkeHHsT y Wil raaysi, 110
CTaBJISITh Ha METi MPOSICHEHHS TUIEHOTPOITHOCTI 0araTbox
edexkTiB BitamiHy D Ta iiloro MeTabosiTiB, MPOIOBXYIOTh-
cs1. OcoOJIMBO BUBYAETHCS POJIb LIKipU, MeTaOOJiYHUIA
KOHTPOJIb TIeuiHKoBoI rimpokcuna3u CYP2R1, criemudiu-
HicTb lo-TiIpoKcuia3u B pi3HUX TUIAX TKAHWH i KJIITUH, a
TaKOX TeHOMHIi, HeTeHOMHI Ta emireHoMHi epextu VDR.
baraTo nuTaHb Bce 1ie MOTPeOyIOTh MOAAIbIIOr0 BUBYCH-
H4 i BCe 11Ie YeKaroTh BiAIOBIJEH, SIKi, CITOAiBaEMOCS, CTa-
HYTb JOCTYIHI HAOIMKIUM YacoM.

Kouduauikr inTepeciB. ABTOpU 3asiBJISIIOTH PO BiJACYT-
HiCTh KOH(IIKTY iHTepeciB Ta BilacHOI (iHaHCOBOI 3aili-
KaBJICHOCTI IIpY MiATOTOBII JAHOI CTATTi.

BHecok aBTopiB y miAroToBKy crarti. 30ip Ta omnparo-
BaHHs Matepiany — Tkau C.M., Ilanvkis B.1., [lanekie I.B.;
HanucaHHs TekcTy — Tkau C.M., [lanvkie B.1.; anani3 ji-
TepaTypu, penaryBaHHsl — [lawnvkis 1. B.
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Modern views on the metabolism
and biological effects of vitamin D

Abstract. Vitamin D is a steroid hormone that plays a crucial role
in maintaining normal bone condition and calcium homeostasis.
In recent years, vitamin D has become a hot topic of endocrino-
logical research, largely Due to the COVID-19 pandemic and the
likely correlation between hypovitaminosis D and a high risk of
chronic lung disease and associated mortality. Recent studies have
shown that vitamin D exhibits a complex multistage metabolism
and acts as a hormone on many extracellular targets. This review
examines some new intriguing and as yet unclear aspects of vita-
min D metabolism, such as new concepts of enzyme regulation,
new pleiotropic effects of vitamin D receptor activation (VDR),
and epigenetic effects. The mechanisms of vitamin D synthesis in
the skin, its metabolism in the hepatic cytochrome P450 system,
catabolism, metabolites and transport, gene control and epigenetic
modulation are considered in Detail. In addition to the well-known
role of vitamin D in calcium and bone metabolism, it has many
pleiotropic extraskeletal effects, including potent effects on the im-
mune system, cardiovascular system, adipose tissue and glucose/
lipid metabolism, muscle and more. Experimental studies have

shown that VDRs are expressed by cancer cell lines. Recent studies
have shown a link between low levels of vitamin D and almost all
aspects of the metabolic syndrome, such as type 2 diabetes, fasting
blood glucose, hypertension, dyslipidemia, obesity and insulin re-
sistance. Several studies have focused on the role of vitamin D in
adipose tissue biology. In particular, a negative correlation between
vitamin D and leptin or resistin is shown, as well as an inverse cor-
relation with adiponectin. Recent studies in vitamin D-deficient
mice have shown impaired secretion of glucose-stimulated insu-
lin by pancreatic islets. Vitamin D is thought to play a role in the
pathogenesis and progression of cancer, and vitamin D analogues
can slow cancer progression and metastasis. It is concluded that vi-
tamin D is a molecule with several endocrine, paracrine and auto-
crine effects on many tissues and organs, in addition to maintaining
skeletal homeostasis. Research in this area, which aims to clarify
the pleiotropy of many effects of vitamin D and its metabolites,
continues.

Keywords: vitamin D metabolism; pleiotropic extraskeletal ef-
fects; review
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AcCnipMHOPE3UCTEHTHICTb:
NMPUYNHUN BUHUKHEHHS, KAiHIYHE 3HOYEeHHS,
LLUASIXU MOAOACHHS

Pestome. AcnipuH (auetuncaniymnosa kucnota, ACK) gotenep € HadbirbLL LLMPOKO 3aCTOCOBaHUM aHTUTPOM-
60TM4HUM ripenapaTom. Moro aHTuarperaHTHa 4isi os’s3aHa 3 HEOGOPOTHOK IHAKTMBALIIEHD LIMKITOOKCUIeHasm
TPOMOOUMNTIB, LLO NPU3BOANTL [0 MPUrHIYEHHS CUHTE3Y TPoMboKkcaHy A2. KriHIYHa KOpUCTb aHTUTPOMOOTUYHOI
Tepanii ACK gosegeHa 6arato4ncrieHHMu ninayeb0o-KoOHTPOIbOBaHUMM AOCTIAKEHHAMU. [TpoTe y 6aratbox na-
LieHTIB rpu NpoBeAeHHI acriipuHoTeparnii BUHUKaroTb HOBI cepLeBo-CyanHHI rnogii. Lje npussesno 4o BUHWKHEHHS
TaKoro roHSATTSA, SIK acripuHOPE3NCTEHTHICTb. [pu4nHM acnipMHOPe3NCTEHTHOCTI 4OTENEP NOBHICTIO HE BCTAHOB-
JieHi. ABTOpu po3riisfaroTsb PisHI rinoTe3n CTOCOBHO PO3BUTKY acripuHOPE3NCTEHTHOCTI. B apceHarni KniHiuncTis
HasiBHI pi3Hi 1abopaTopHi TeCTU A5 BUSIBIIEHHS aCripuHOPEe3NCTEHTHOCTI. [10LLUMPEHICTb OCTaHHLOI 3aN1eXnTb Bif
METOAY, KU BUKOPUCTOBYETLCS, | KOHTUHIEHTY O6CTEXEHUX NaLieHTiB i nepebyBae B Mexax Big 5 o 60 %. Ha
CbOrofHi Hemae 4YiTKoro BU3Ha4YeHHs1 acripyHOPe3NCTEHTHOCTI, sIke | 3a40BOJbHS/I0 61 KITIHIUMCTIB, | BogHOYac
cniBBIgHOCWIOCH 3 flabopaTopHuMn TecTamu. baratouncrieHHMU JOCTIAKEHHAMU JOBEAeHa KIiHiYHa 3Ha4qu-
MICTb BIfCyTHOCTI BIigroBigi i Tou ¢hakT, Lo s1labopaTopHO fiarHOCToBaHa acripyHOPEe3UCTEHTHICTb MOB A3aHa
3 BUCOKUM PU3NKOM CEPLEBO-CYANHHUX nogiv. HegocTaTHivi abo HagnmLIKoBmyi aHTuarperaHTHui egpekt ACK
MOXe 6yTn 06yMOBJIEHWMV HE Tirlbkn 3miHow LJOI-1, Lo cuHTe3yeThCs, ane i 3MiHO ¥oro KinbkocTi. [daHi nite-
partypu rpo 38’I30K Pi3HUX MOSIIMOPGOHUX MapKepIB reHiB-KaHAMAAaTiB 3 eQOEKTUBHICTIO aHTUarperaHTHoiI Tepanii
ACK HeuucrnieHHi Ta cynepeyqnvsi. Y 3B8'A3Ky 3 UMM y AaHuii 4ac HEMOXJ/IMBO BULINTNTA FeHETUYHI NMPpeanKTopu
egppexkTmBHocTi ACK, 5K | TOro 4u iHLworo aHtmarperaHTa. [1poR0oBXeHHS AOCTIAXeHb y Livi rany3i B MaribyTHbOMY
[03BOSINTb MPOrHO3yBaTu peakuito naLieHTa Ha Tovi Yv IHLUMY JliKapCbKui 3acib i, 0TXe, iHgusigyaniaysatu nigxig
[0 BUOOPY Ta pexuMy [O3YBaHHA aHTUarperaHTHUX rpenaparis, LYo CAPUATUME 3HUKEHHIO YaCcTOTU PO3BUTKY
o6I4HMX peaKUis.

KntoyoBi cnoBa: acnipuH; aHTmarperaHTHa Tepanisi; acripuHOPe3nCTEHTHICTb, aleTuacaniyunoBa K1caora;
arperadisi TpoM60o4nTIB

Bctyn

PesucTeHTHICT [0  aLeTWICATILMIOBOI  KUCJIOTU
(ACK) 3anuiiaeTbcsl aKTyaJlbHOIO IMPOOJIEMOI0 CyJacHOI
aHTUTPOMOOTUYHOI Teparii. CaM TepMiH «aclipruHOpe3Uc-
TeHTHicTh» (AP) BBaxatoTh He 1iikoM BaanuM. [Ipobiema
YCKJIAJHIOEThCS TUM, 110 YyTMBicTh 10 ACK He mocTiiiHa,
Yy pi3HUX KJIiHIYHUX CUTYaIliIX BOHA MOXE 3MiHIOBAaTHUCH
HaBiTh B OJIHOTO I TOro caMOro mnaiieHTa. €1MHOro BU-
3HaueHHs1 AP Hemae. CbOronHi el TepMiH BUKOPUCTOBY-

I0Th JUISI OTIMCY JEKiJIbKOX SIBUIL KJIiHIYHOTO (hpeHOMeHa —
HeszgatHocTi ACK 3amo6irati rocTpuM TPOMOOTUYHUM
yCKJIaJHEeHHSIM. Buninstors kKitiHiuHy Ta 6ioximiuny AP [1].
Ilin xJIiHIYHOIO PE3UCTEHTHICTIO PO3YMilOTh HE3MaTHICTh
npenapary 3ano0irT TPOMOOTUYHOMY €T1i30/ly ¥ KOHKPEeT-
HOTO XBOporo. bioxiMidyHYy pe3MCTEHTHICTh BHU3HAYAIOTh
sIK HEIOCTaTHE MPUTHiIYeHHs (PYHKIIil TPOMOOLIUTIB Ha TJIi
npuitomy ACK, BcTaHOBJIEHe 3a pe3yjibTaTaMu pi3HUX Jia-
0OpaTOPHUX TECTiB.
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KiiniynHo AP MoxHa miarHOCTyBaTU IIPU PO3BUTKY
cepleBO-CYIMHHUX YCKJIamHeHb Ha Tii npuitomy ACK y
TeparneBTUYHUX A03aXx. OCTaHHE MOXHA BiTHECTH TaKOX
IIO TIOHATTS KJIIHIYHMX HeBIau Teparrii acmipuHoM. Jlabo-
paTopHa pe3ucTeHTHicTh 10 ACK BU3HAYa€eThCS SIK HENO-
CTaTHE OJIOKYBaHHSI 3aJIMIIKOBOI PeaKTUBHOCTI TpoMOO-
LIUTIB, acOLii0BaHOI 3 MPOAYKOBAaHUM TpoMOOKcaHOM A2
(TxA2), monpu BUKOPUCTAHHS aCITipUHY.

TpuBanuii yac 30JI0TUM CTAHZAPTOM OLIIHKU arperaiiii-
Hoi GbyHKIIii TpoMOOUUTIB Oya ONTUYHA Ta iMIeIaHCHA
arperarometpis. IlizHime Oyno po3pobieHO TecTH, IIo
JIO3BOJISIIOTh OIiHIOBAaTM aKTUBHICTb TPOMOOIIMTIB OijIst
Jixkka xBoporo. OnHak, Ha nymMKy J.L. Mehta, B. Mohandas
[2], Taki TeCTH MPaKTUIHO HEIOLIbHI Y BU3HAUYECHHI TOTO,
yu Mae nauieHT AP, yu Hi. Yac kpoBOoTeUi — eanMHE TOCTi-
IDKEHHS in vivo, 11O BUMIpIOE aKTHBAIlil0 TPOMOOLIMTIB.
Lleit TTOKa3HUK 3aJIEKUTD Bil YMHHUKIB ITOMYJISLII i € I0-
OpuM MapKepoM (PYHKIIii TPOMOOLIUTIB.

BinmosinHo 1o koHceHcyca Po6o4oi rpymnu 3 acmipmHO-
PE3UCTEHTHOCTI Ta aHTUArperaHTHUX MpenapariB, TEPMiH
«1abopaTopHa PE3UCTEHTHICTb» CJIiJi BUKOPHUCTOBYBATU
Jiiie y pasi papMakKoguHaMIdYHOI Pe3UCTEHTHOCTI, 1110 BU-
HUKAa€ BHACJIIOK 3MiH (epmeHTYy abo peuenTtopa. Hemo-
cratHs BianoBigk Ha ACK Bu3HavyaeTbes sk > 10—20 % mipu
ONTUYHII Ta > 0 — npu iMNegaHcHil arperatometpii [3].

Mg ouminkm ACK-crenugiyHux e(eKTiB peKOMEeH-
JIYETHCSI 3aCTOCOBYBATU TECT 3 arperalli€ro, iHIyKOBaHOIO
apaxilIoHOBOIO KMCJIOTOI0, a00 BM3HA4YaTU piBeHb TxB2 y
cuposBarti. [Ipore XojeH i3 BUllleBKa3aHUX JIAOOPAaTOPHUX
MOKAa3HUKIB HE aCOLIIOETHCS 3 HECHPUSTIMBUMU Ceple-
BO-CYAMHHUMM ToOMissMU. TepMiH <«acrmipMHOpPE3UCTEHT-
HICTb» CTaB BUKOPUCTOBYBAaTMCS Ha TMiACTaBi TOro, IO Y
0araTbOX IAIli€EHTIB 3 TaKUM (DeHOMEHOM PO3BUBAIOTHCS
cepleBO-CyIMHHI Toii, sIKi, AIMOBipHO, TTOB’sI3aHi 3 aKTH -
Balli€l0 TPOMOOIIUTIB ex Vivo, 110 3PeIIToI0 He 0yJI0 J0Be-
IeHo. Arperailis TpOMOOIIUTIB MOXKe 3MiiiICHIOBATUCH Pi3-
HUMM LLIAXaMU, TIPU LIbOMY JOCTYITHi METOAM OLIiHIOIOThb
JIMIIe oavH a0o aBa 3 HUX. 3HAaYHa BapiaOeIbHICTh MOIIN-
peHocTi AP € BigoOpaXeHHSIM TeTepOreHHOCTI BiAIMOBii
TPpOMOOIIUTIB y Pi3HUX MALLEHTIB [4].

TMommpenicte peHomeHa AP mepeOyBae B Mexax Bil
5 1o 45 % i 3anexXuTh Bil METOMIB HiarHOCTUKU, KIiHIYHOT
cuTyallii, 1031 mpemnapatTiB. HaifgacTiine BUKOPHCTOBYIOTh
ONTUYHY arperaroMeTpito y MpUCYTHOCTI aroHicTiB AJ1dD-
apaxiZoHOBOI KMCJIOTHU, aApeHalTiHy, TPOMOiHY, KOJIareHy.

IMokazHukM (yHKIIOHAJIBHOT aKTUBHOCTI TPOMOOLIM-
TiB Bu3HavaloTh aHajizatopamu PFA-100, RPFA. Ouin-
Ka (QyHKIII TpoMOOLMTIB 3a OOIOMOIOI0 aHaji3aTopa
PFA-100 npoBOaUThLCS HUISIXOM BU3HAYEHHSI Yacy MpUI-
HEHHsI KPOBOTOKY Uepe3 anepTypy B 0i0JIOTiYHO aKTUBHIM
MeMOpaHi, 1110 MiCTUThb iHAYKTOpU arperaiii. PesymsraT
TaKOX MOXe OyTM BHpakeHUil y BimcoTkax. BuzHaueHHs
arperauii TpomoonutiB y cucteMi RPFA rpyHTyerhcs Ha
peecTpaliii iHTEHCUBHOCTI arjloTMHALIl TPOMOOILIUTIB Ha
MOBEpXHi, MOKpUTiil ¢idoprHOreHoM. Pesynbratu pizHHMX
METO/iB BU3HAUEHHSI HePinKo He 30iraroThes [S].

M. Friend i ciiBaBT. [6] BBaXaroTh, 110 MAaLliEHTH Ma-
0Th HM3bKY 4yTIuBicTh 10 ACK, sIKII0 BeIMyuHa arpe-
rauii TpoMOOLMTIB Ha T 1l mpuitomy ctaHoBUTh 50 % i
oinpire mpu BukopuctanHi PFA-100. Ha nymky L. Macchi

Ta cmiBaBrT. 7], y pe3aucteHTHUX 10 ACK XBOpuX BeInmynHa
LIOTO MOKAa3HUKAa CTAaHOBUTH 29 % TIpu 3aCTOCYBaHHI 1IbO-
IO X METO.Y.

NpnYnHU BUHUKHEHHS AP

OcTaHHIM YacoM JOC/TiITHUKY BCE YACTillle CXUIISIOThCS
IO TOTO, IO CIIpaBXHS (apMaKoJIOTiYHA Pe3UCTEHTHICTh
1o ACK € pe3yabraToM HEMOBHOI 0JIOKaau IIUKJIOOKCUTe-
Ha3u 1-ro Tunmy (LIOI'-1) i mepiogmunoro cuHTe3y TxA2 i
TparvisiETbesl BKpaid pigko. [IpunyckaioTs, 10 cripaBxXHS
¢apmaxkosoriuna pe3ucTteHTHiICTH m0 ACK o0OymoBie-
Ha BUKJIIOUHO T€HETUYHUMU (hakTopamu. Y TepeBakHiii
OinplnocTi BunaakiB criiikocti 1o ACK iigeTbes mpo Tak
3BaHy TCEBIOPE3UCTCHTHICTDb, SIKa € Pe3yJIbTaTOM: HU3b-
KOI MPUXWIBHOCTI 10 JIiIKyBaHHSI, BAKOPUCTAHHSI HEONTH -
MaJIbHUX /103, BAKOPUCTAHHS KUIIKOBOPO3YMHHOT (hOpMU
ACK, B3aemofii 3 iHIIMMU JIiIKaMHU.

Jo toro X 1i ¢axkropu € moaudikoBaHuMu. barato
JIOCJTITHUKIB BBaXXalOTh, 1110 OCHOBHUI NMPUUYMHHUI (Dak-
top nceBaope3ucteHTHOCTI ACK — (hapMaKOKiHETUUHUIA,
OB’ sI3aHUH i3 YIOBUIBHEHHSIM a00 HEITOBHUM BCMOKTY-
BaHHSIM KMIITKOBOPO3YMHHOI (pOpMU TIperapaTy B HITyH-
KOBO-KMIIIKOBOMY TPaKTi, SIKMI TaKOX TMOSICHIOE pe3uC-
teHTHIicCTh 10 ACK y 310poBUX 0Ci0, BUSIBIEHY B HM3II
pooit [8—10].

[lepen BUCBITIIEHHSIM pe3yJIBTaTiB LIMX POOIT CITill TOPK-
HyTHCs TUTaHHS hapMakokiHeTuku ACK.

dapmakokiHeTuka ACK

ACK dvacTkoBO abcopOyeTbcsl y IIUIYHKY, ¢ BHCOKa
KHCJIOTHICTb MEPELIKOIKAE TealleTUIIIOBAHHIO Ta 30epirae
ACK y KMIIIKOBOPO3UMHHIN (hOpMi, IO IOJIETITYE BCMOK-
TyBaHHs. KumkoBopo3unHHa (popma ACK po3unHsIETbCs
B TOHKIili KMIIILIi, JIy)KHE CePEIOBMIIE SIKOI MOXe YCKJIa -
HUTH ii abcopOuito [11].

IurioyBanHs TXA2 Ta alleTWIIOBAaHHS LIMKJIOOKCUTE-
Ha3M MOXHa BU3HAUUTH 10 Toro, sk ACK BusiBisieTbes y
nepudepuyHiit kposi. Lle o3Hauae, 1110 yacTMHA aHTHUArpe-
rantHoro edekty ACK peanizyeTbcsl BxKe B MMOPTAJIbHOMY
KposoTotii [12, 13].

ACK fealeTuao€eTbecsl 10 HEAKTMBHOI CalillUJIOBOL
KHCJIOTH TIepeBaXKHO y KUIIeYHUKY Ta Iedinmi [14]. Me-
tabouizanis ACK npu nepiiomMy mpoXo/pKeHHi yepes Tie-
YiHKY BiIHOCHO BMCOKA, y TOM 4ac SIK OOCST iHaKTMBAIlil
Mpernapary MIpu IIPOXOIKEHHI B CIIM30BilA OOOJIOHII KH-
LIEYHMKA HE BUSHAYECHUN.

LliskoM MOXJIMBO, 1110 JealleTUIIOBAaHHS TTOSICHIOE Ki-
HETUKY HaCUYEHHs i yac abcopOllii B MOPTAIbHUI KPO-
BOTIK HaBiTh Ipu HU3bKUX Ho3ax Teparii. Yactuna ACK i3
rpernapary KUIIKOBOPO3UMHHOI (DOPMU BUALISETHCS T10-
BiJIbHIILIE i, OTXE, BEMOKTYEThCSI Y MEHIIMX KOHIIEHTpalli-
SIX 32 aHayIoriuHmMit nepiof. Lle Moxe Mpu3BOAUTH 10 3HU-
KeHHs1 6iopoctynHocti ACK y cucteMi moprajbHOI BEHM,
IO MOSICHIOE MEHII BUPAXEHUI aHTUArperaHTHUM eekT
ACK y KMIIIKOBOPO3YMHHII (POopMi TOPiBHSIHO i3 3BUYaii-
Hoio hopmolo mpemnapaty. Takum YMHOM, JliKapchbKa ¢Ghop-
Ma TIeBHOIO Mipoto BIUIMBaE Ha (apmakokiHeTuky ACK.
KuikoBopo3unHHa hopmMa MoxXe 0OMexXyBaTu aHTUarpe-
rautHuil epekt ACK, 1110 ciprumnHsie pu3nuK HeAOCTaTHBOI
NpodilakTUKKY TPOMOOYTBOPEHHSI.
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Bnane oopm ACK HO dapMAKOANHAMIKY

IIpo Takuii BIUIMB CBimYaTh TaKi BEJMKi JOCITIIKEHHS
i3 3aJy4eHHSIM 310POBUX AOOPOBOJIBIIIB, V SIKMX BUBYAB-
cg BIumB pizHux ¢popm ACK Ha arperairito TpoMOOIIUTIB.
Y nocnimxenHi [15] B3simu yyacth 400 3mopoBUX T0OpO-
BOJIBIIIB BikOM 18—55 pokiB, SIKi He NMpUIAMaIN KOTHUX
JIiKapchbKUX TperapariB. JlabopaTopHi TecTu 11010 edek-
tuBHOCTI ACK BKJIIOYaIM BUMIipIOBaHHS arperaiii TpoM-
OOLIMTIB, BU3HAYEHHSI CMPOBATKOBOI KOHIIeHTpalii TxB2
Ta eKcKpellii MeTaboJiTiB TpomOokcaHy i3 ceuero. Oc-
HOBHUM KputepieM edektuBHocTi ACK OyB Tect arperatrii
TpomOo1uTiB. JocmimkyBaHux, y sskux npuitom ACK Bu-
KJIMKaB iHrioyBaHHsI Ha 60 % i Ginblile, BBaXau «BilITOBi-
JadyaMur», TIpYM 3MEHIIEeHHI arperaiii TpOMOOLIMTIB HIKYe
Bim 60 % — «HeBimmoBimayamu». Yci JaGopaTOpHi TECTH
Oynu BUKOHaHI 10 Ta micisa npuiiomy ACK. YuacHuku mo-
cJlikeHHsT oTpuMyBasu ripocty popmy ACK Ta KUIIKOBO-
PO3UUHHY.

Mo xumkoBopo3unHHuX dopm ACK Hanexarb Taki
npenaparu:

— OydepuzoBana ACK;

— ACK i3 ynoBiJIbHEeHUM BUBiJIbHEHHSIM;

— ACK y koMm0iHa1ii 3 iHIIMMU aHTUTPOMOOTUYHUMU
npenaparamu;

— ACK y noeaHaHHi 3 iHIIMMU CepLIEBO-CYIUHHUMU
npenapaTtamu.

Imest BUKOpUCTAaTH aHTALMAW JUISI 3HUKEHHST KUCIIOT-
HOCTi IIUTYHKOBOTO BMICTy BMHHUKJIA JaBHO. Y MOmiOHMX
npenaparax MiCTUacs JOCUTh BeJIMKA KiIbKiCTh pEUOBUH,
1110 3HUXYIOTh KMCJIOTHICTh IILUIYyHKOBOTO BMICTY, — Till-
pOKCHUIy alfoMiHil0 a00 MarHiio, KapOoHAaTy KaJlbllilo abo
OKHCy MarHito. Ilpu mpoBeneHHi KJIiHIYHMX MOCIiIKEHb
Teparlis Mali€eHTiB 3 BuUKopucTaHHIM mnpenapatiB ACK,
110 MIiCTSTh aHTAllMAM, HE BUSIBWJIA 3HUXXEHHSI YaCTOTHU
ypaxeHb LLIKT. CyyacHi HacTaHOBM HE PEKOMEHIYIOTb B1-
KOPUCTOBYBATU aHTALIMIMW aHi i1 MPpOMiIaKTUKK, aHi 1JIst
3HMKeHHs ypaxeHb HTKT, mop’s3aHux 3 HECTEPOITHUMM
npotusanagpHumu npemnaparamu (HIT3I1). Binbure toro,
SIK OYJ10 OITMCaHO BUIle, KOMOiHYBaHHs aHTauuIiB Ta ACK
MNpU3BOAUTH 10 3MiHM papmakokiHeTuku ACK y 3B’s13Ky 3
MPUITBUIIICHHSIM €KCKPeTlil.

Ha cphoronHi Hemae n1OCTaTHIX IOKa3iB BBaXKaTW aHTa-
munoBMicHi ¢popmu ACK KITiHIiYHO eKBiBaJIeHTHUMU 3BU-
yaiiHiii ACK. Binbiie Toro, HasiBHiCTb Ha (hapMalieBTUY-
HOMY PMHKY MOMiOHUX MperapariB € TUMOBOIO JIUIIE MIJIs
YKpaiHu Ta 11e IeKiTbKOX KpaiH MOCTPaasHChKOTO TMpo-
CTODY.

Aikapcbki Bsaemoaii ACK

Ilpu TpuBasoMy mnpodiIaKTUMHOMY TpU3HAYEHHI
ACK, 0co061mBO y Ialli€HTIB ITOXIIOTO BiKY, 3a HasIBHOCTI
XPOHIYHMX CYITyTHIiX 3aXBOPIOBaHb, iCHYE BUCOKA MMOBip-
HICTh PO3BUTKY JIIKAPCHKUX B3aEMOJil. BilbIIicTh i3 1mux
B3aEMOJil € (papMaKOIUHAMIYHUMU.

CninbHe nipuzHayeHHs1 HIT3IT Ta ACK Mae Hecnpu-
ATIUBI papMakonmHaMmiuHi B3aemomii. [lepira B3aemomist
MOB’A3aHa 3 MiIBUIIEHHSIM PU3UKY PO3BUTKY 3yMOBJIEHOT
HII3II ractpomarii Ta KpoBoteui 3 BepxHix Bigaimtis IIKT,
110 MOX€E TIPU3BOAUTH 0 3HWXKEHHS aHTUTPOMOOTUYHOT
nii ACK.

IMinBuieHHst pusuky cnpuunHeHoi HII3IT racrpo-
matii moB’s13aHe i3 cuHepriuHoio aiero HIT3I1 ta ACK Ha
CUCTEMHUI MeTab0Ii3M eiKO3aHOIIiB.

Jpyruii T B3a€MOJil MOB’sSI3aHUI 3 KOHKYPYBaHHSIM
Ha piBHi LIOI'-1 TpomOouwmTiB. [1py 11bOMY TIpU3HAYEHHS
HIT3IT no npuitomy ACK Mozke Tpu3BoaUTH 10 (pOpMyBaH-
Hs TmMYacoBoro 3B’ 13Ky HI13I1 — akrusumii nentp LIOI-1
i B Takuit crioci6 6siokyBatu 3B s13yBaHHs LIOT-1 ACK.

YV 2006 poui FDA 3BepHy:a yBary jikapiB Ha 110 IIPO-
GJsieMy, MAKPECIUBIIH, 1110 CITiJIbHE TTPU3HAYEHHS i0yIIpo-
¢eHy, HalpoKCceHy, 1eaeKoKcruoy Ta aukiaodeHaky 3 ACK
MO€e MPU3BOJIMTH 10 KJIIHIYHO 3HAYYIIOTO 3HVKEHHSI aH-
tutpomboTruHOTro eekty ACK.

JocnimxeHHs MokKaszaiu, 110 OIHOPa30BUIl TPUOM
ioynpodeny B nmo3i 400 Mr mpurHidYye aHTUTPOMOOTHUY-
Hy nito, skio ACK BxuBaeTbest potsrom 30—60 XBHIMH
TicTsl TIPUIOMY HECTEPOIMHUX TPOTH3amNaJbHUX 3aC00iB.
IMonionuit edexr BigzHavaeThes, skino ACK 3acrocoBy-
IOTb IPOTSITOM 8 TOOWH MIC/IS MPU3HAYEHHS i0yIpodeHy.
HaBnaku, npuitom idynpodeny micis npuiiomy ACK (ue-
pe3 1 rox i Gibllie) He CYIMPOBOMKYETHCS 3HKEHHSIM piB-
Hst TpomboKcaHy B2. Otxe, nmpuszHaueHHs1 ACK mporsirom
BOCBHMU IFOJIMH ITicJIs1 mpuiioMy i0ympodeHy abo ioyrnpodeHy
MEHIIIe HiK 3a ronuHy 1icisa npuiiomy ACK HemoiibHe.

ACK Hepiko NpU3HAYAETLCSI Pa3oM 3 iHTIOITOpOM
AIID, y 3B’513Ky 3 LIMM HEOOXiTHO 3BEPHYTHU YBAry Ha TIOMUJI-
KOBY IYMKY JESIKMX KJIHILUCTIB, IO CITiIbHE TIPU3HAYSHHS
ACK Tta iHri6itTopiB AITI® Moxke MPU3BOIUTH 0 3HIKECHHS
edexTUBHOCTI ocTaHHIX. Y paHIOMi30BaHUX KJTIHIYHUX J10-
CTIKEHHSIX Ta MeTaaHasizax He Oy/J0 3HalieHO ITiATBep-
JDKeHHSI TaHOMY TBEp/KEHHI0. BinmoBinHo, HeMae XoaHuX
MPOTUIIOKA3aHb 111010 BAKOPUCTAHHSI 1IUX Mperaparib.

KypiHHS

VY nesakux NOCHiIKEeHHSIX MOKa3aHo, 1110 KYPiHHS MOXe
BruiuBath Ha edekTuBHicTh ACK 1IIIXOM MigBUILEHHS
MIPOAYKIIil i30IIPOCTaHIiB — CHOJIYK, ITOAIOHMX IO IIPOCTar-
nanauHy F2. Y KypliiB y cedi BUBHAYAETHCS TTiABUILIEHHS
KOHIIEHTpalii MeTaboiTiB TpoMOOKcaHy A2, 11O MOXe
OyTH 00YMOBJIEHO HAAMIPHOIO MPOAYKIIIEI0 OCTAHHBOTO.

MpuLBMALLEHE OHOBAEHHS TPOM6oUUTIB

VY HOpMi TpUBAJliCTh XUTTS TPOMOOLIMTIB CTAaHOBUTH
8—10 gHiB, a 3a IYKPOBOTO AiabeTy BOHA 3MEHIIIYETHCS 10
7—8 nHiB. Y cTaHi NMpUCKOPEHOro 000pPOTy TPOMOOIIUTIB
BiJI3HAYA€ETHCSI BUHUKHEHHS AP.

Curyaitii, 110 IPU3BOIITE 10 MPUIIBUIIICHOTO OHOB-
JIECHHSI TPOMOOLIMTIB B OpraHi3Mi, BUHUKAIOTh MPU Xipyp-
rYHUX BTPYYaHHSIX 3 TPUBOJY KOPOHAPHOTO HIYHTYBaHHS,
3ananieHHs Ta L1, Lle mpu3BoauTh 10 30iIbIIEHHS MPO-
IYKIIii TpPOMOOLMTIB, He cxwibHUX A0 BIiuBY ACK B iH-
TepBaJli MixXX OTO BBEACHHSIMU, i, BJaCHE, i3 30€peXKEeHOI0
akTuBHicTiO TpoMOo1uTiB LIOI'-1. Tlpu 1ux craHax HOp-
MaJtizauist pyHKIIii TPOMOOIIUTIB HACTA€E TIPU BiIHOBJICHHI
HOpPMaJbHOTO 000pOTYy TPOMOOIIMTIB i, KpiM TOro, 3a pa-
XYHOK 3MEHIIIEHHS iHTepBaJly MixX TPUIIOMOM TIperapariB.

Hu3bKa NpUXUABHICTb NauieHTiB A0 Tepanii ACK
OpHa 3 HaOLIbII BaXJIMBUX Ta WMOBIPHUX MPUYMH
HeBaay JikyBaHHsI ACK — Hu3bKa NPUXWIbHICTD TIalli-
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€HTIB OO Tepamii UM mpernaparoM. Ha mincraBi maHux
G. Cotter Ta criBaBT. [16], HU3BKUI piBeHb CITiBIIpalli €
OJIHI€10 3 MOXXJIMBUX OCHOBHMX MpU4nH AP. Pexxumy Jtiky-
BanHs ACK He morpumyrotbest 1o 40 % moaeit i3 ceple-
BO-CYIMHHUMM 3aXBOPIOBAaHHSIMU. Y 0araTbOX BUITIajKax
HEIOTPUMAHHS PEeXUMY OOYMOBJICHO ITOOIYHUMM HisIMU
ACK, gacTora SIKMX 3aJIeXKUTh Bil 103U IIpernapary. 3 ypa-
XyBaHHSIM HaBeleHOro Buile, npu JikyBaHHi ACK Heo0-
XiTHUI peTebHUI KOHTPOJIb 32 IPUIOMOM TIperapaTy Ta
MiIBUIIEHHSM PiBHS MOTHUBALIl 10 JOTPUMAaHHS PEXUMY
XapuyyBaHHS.

HeaAeKBATHICTb AO3U ACHIPUHY

Konu criocrepiraemo pisnuii epexr ACK y pizHux na-
LEHTIB, TTOCTA€ MUTAHHS: YU MPABUIBHUM € CIIOCTEpe-
JKeHHSI 3a XBOPpUMU IIpU IpeBeHTHBHIil Tepamii ACK? ¥V
nessKux XxBopux AP Moxe OyTy moB’si3aHa 3 HEBIAIUM J0-
3yBaHHSIM. HU3KO0I0 aBTOpiB BCTAHOBJIEHO, 1110 MOETAITHE
ninBuiieHHsT 1031 ACK Moxe MpU3BEeCTH 10 MOA0JaHHS
AP [17—19]. MNutanus npo ontumaibHy no3y ACK mist
MPEeBEHTUBHOI Tepartii JUCKYTYETbCS YIPOAOBXK 0araTbox
POKiB i moci He BupilleHe. Ha choromHi onTuMaibHOIO
BBaXKa€eThCsl J03a Big 75 o 160 mr Ha no0y. Y KiIiHIYHMX
JMOCITIIKEHHSIX 111 031 aCOLiIoBaIUCs 3 HAKpaIllUM CITiB-
BiIHOILLIEHHSIM KOPMUCTh/ILIKOAA. Pe3ynbTaTt MeTaaHasisiB
MATBEPAWIIN, 110 HU3BKi 1031 (75—160 M) Ti€lo X Mipoto
3arnobiraoth po3Butky CC3, 1o i Bucoki (500—1500 mr)
[20—22]. ¥V Toif ke 4yac TMOOIYHMMM e(eKTaMu 3 OOKY
IIJTYHKOBO-KHUIIIKOBOTO TPaKTy € KPOBOTEYi, SIKi pimiie
TPATUISIIOTHCS TIPU 3aCTOCYBaHHI HU3bKUX J03.

JlaBoparopHi TecTV MpoOAEeMOHCTPYBaIH, 110 OioXiMiu-
Hi MOKa3HUKU MOKPAILYIOThCs MpU HiaBuieHHi 1031 ACK
Bim 100 mo 300 Mr i Giiblire, IIpoOTe 1e He KOPEIIOE 31 3HU-
SKEHHSIM YaCTOTH MOXKJIMBUX YCKJIaTHEHbD.

OntumanbHi 1031 ACK moBMHHI BiIpi3HATHUCH y Pi3-
HUX Kareropiii maiieHTiB. Tak, y XBopuX, sIKi TepeHec-
JIM XipypriyHe BTpy4daHHsI Ha KOPOHApHUX CyaMHax, 103a
325 Mr/mo6y nepeBuiIye eeKTHBHICTb HIDKINX 103. MMo-
BipHO, 11€ 3yMOBJIEHO OMepalliiiHUM CTpPecoM, 110 MPU3BO-
TIUTH 0 TIOCUJIEHHSI BUXOMY TPOMOOIIUTIB Yy KiCTKOBOMY
MO3KY. AOpPTOKOpPOHApHE IIIYHTYBaHHSI € He3aJeXXHUM
¢dakTopoM pu3MKy po3BUTKY AP, mpore y 1ux mauieHTiB
qyTauBicTh 10 ACK BiTHOBIIOETHCS TOCUTDH IITBUIKO.

AABTEPHATUBHI LUASIXU CUHTE3Y
TPOMOGOKCOHY A2 (TxA2)

®epment LOT icHye y Burisiai aBox izocdopm. LIOT-1
€ KOHCTUTYLIHHUM i30(pepMEHTOM, SIKHUI €KCIIPECYETHCS
B TPOMOOIIMTAX i B 3BUMAHUX YMOBax 3a0e3reuye CUHTe3
TxA2. LIOI'-2 y HopMmi BifcyTHiit. PepMeHT iHIYKYEThCS
LIMTOKiHAMU, €HAOTOKCMHAMU Ta (haKTopaMu POCTY B iH-
XX TKaHWHAX, HANpUKJIaA B aTePOCKIECPOTUYHUX CYIU-
Hax. Tomy, He3Baxatouu Ha npuiiom ACK Tta iHrioyBaHHs
LOT'-1, mponykuist TxA2 30epiraeTbcs 3 yciMa HacigKa-
MHU. 3 L€l MPUUMHU TTPU Pi3HUX MATOJIOTYHUX CTaHAX, 110
CYIIPOBOIKYIOThCA TigBHIeHOI0 ekcrpeciero LIOI, mox-
JuBuit po3BuToK AP. HasgBHicTh AP mpu 1imx ctaHax Moxe
OyTH 000POTHOIO a00 HEOOOPOTHOIO, 3aJIEKHO Bif IPUPO-
A Ta TPUBAJIOCTI ITATOJIOTIYHOTO CTaHYy, IO CYIIPOBOIKY-
eTbcs ekcnpeciero LIOT-2.

leHeTnYHi GAKTOPU OPraHismy

Y neBHoi yacTrHU XBopux AP Moxke Oyt oOyMoBJieHa
FeHETUYHUMU OCOOJMBOCTSIMU OpraHi3my. € mijcTaBu BBa-
XKaTu, 1o pe3ucTeHTHIcTh Teparii ACK moxe Oyt moB’si-
3aHa TakoxX 3 mojiiMmopdizmom reHa LIOI-1, mo 3auinae
akTUBHUU 1eHTp (epmeHTy (Ser 529), monimopdizmMom
TeHiB, 1110 KOAYIOTh iHIII (hepMEHTH, SIKi OEpyTh y4acTb y
MoOii3allii Ta MeTaboIi3Mi apaxiioHOBOI KMCIOTH, Ta re-
HiB, 110 KOAYIOTh iHIIIi peleIITOPH.

M.K. Halushka ta cniBaBT. [23] BUBUaIM ajiesibHi Ba-
pianTu reHa, mo koxye LIOI'-1. ¥V pesynsraTi Oyi10 BcTa-
HoBJieHO, 1110 TeH LIOI'-1 mae 9 anenbHux BapiaHTiB. [1pn
1IbOMY HOCI/AICTBO pi3HUX I'€HiB, 3a JaHUMU aBTOPiB, BIUIM-
Ba€ Ha CTYIIiHb IPUTHIYCHHS aKTUBHOCTI (hepMEHTY il
BrumiBoM ACK. Kpim Toro, BusiBieHO mojiMopdisMm, 110
3MiHIOE €KCITPECiIo TeHiB.

Takum yMHOM, HemOCTaTHI ab0 HAJIMIIKOBUIA aH-
tuarperanTHuit epekt ACK mMoxe Oyt 0OyMOBJIEHUI He
Tibku 3MiHowo LIOI-1, 110 cuHTE3yeThCA, aje i 3MiHOMO
iioro KinpKocTi. JlaHi JiTepaTypu mpo 3B’S130K Pi3HUX T10-
JTiMOPOHMX MapKepiB TeHiB-KaHAUAATIB 3 €(PEKTUBHICTIO
aHtuarperanTHoi Ttepanii ACK HeuucieHHi Ta cymnepe-
WIKBi. Y 3B’3Ky 3 IMM Ha ChOTOAHI HEMOXKIMBO BUILIUTIA
reHeTn4Hi nipenukropu edekrtuBHocTi ACK, 5K i Toro un
iHIIIOro aHTHUAarperaHTa.

[IpomoBXeHHs DOCTIIKEHbD Yy Lili Taay3i B MAalOyTHBO-
My JI03BOJIUTh MPOTHO3YBATH peaklilito MailieHTa Ha Toi 41
IHIIWI JTiKapChbKUi 3aci0 i, oTKe, iIHAMBiAyali3yBaTH ITif-
Xil 10 BUMOOpY Ta peXuMy JO3yBaHHSI aHTUArperaHTHUX
Mpernaparis, 110 CIPUATUME 3HUXKEHHIO YaCTOTU PO3BUTKY
MOOIYHUX peaKIIiii.

TepanequHo TAKTUKA AASG MOAOACHHSA
Pe3NCTEHTHOCTI AO ACHiPUHY

Jlo mux mip BiACYTHi BeJIUKi KIIIHIYHI JOCTIIKEHHS, Y
SIKUX BUBYajacsd O TeparneBTUYHA TAKTUKA MPU BUSBICHHI
AP, i ToMy Hemae€ BiAIoOBimi Ha 0araTo MUMTaHb, IO ITOCTa-
OTh TIPU LIbOMY. fIKOI0 Ma€e OyTM omnTUMajibHa aHTUarpe-
raHTHa Teparlis i3 6ioxiMiuHO BepugikoBaHow AP? 3 Ha-
SIBHUX JIAHWX MOHA TPUITYCTUTH, 11O B TIEBHOI YaCTUHU
XBOpUX (HampuKiaaa, 3 OXUPiHHSAM) 3a JOIOMOTOIO Mil-
BuieHHs 10o6oBoi mo3u ACK moxHa nomonatu AP. Jlani
L. Macchi Ta criiBaBT. [24] BKa3ylOTh Ha Te, 1110 CAMOCTiiiHa
abo KoMmOiHOBaHa Teparis naiieHTiB 3 AP 3a momomororo
KJIOITiTOTPEJII0 BUKJIMKAJIa 301/IbIIIEHHS YaCTOTH ITO3UTUB-
Horo pe3yiasrary. Lle minTBepauio pe3yabTaT JOCTiIKEeH-
s J.W. Eikelboom i G.J. Hankey [25]. Bonu noBigomuisi-
I0Th TIPO BUPAXEHY aHTUArPEraHTHY [Iil0 KJIOMiIOTrpesto y
XBOPUX 3 HeIoCcTaTHBOIO edekTuBHicTIO ACK SIK TIpeBeH-
TUBHOTO TIperapary.

Yepes B3aemoniro ioynpodeny ra ACK namieHTam ciin
PEKOMEHYBaTU BUKOPUCTOBYBATU aJIbTepHATUBHI HecTe-
POifHI MpoTHU3anaibHi 3ac00M a00 3aCTOCOBYBAaTH iHIMBI-
IyanbHy 103y ioynpodery uepe3 30 XB micyst IpuitoMy Bee-
pennny ACK mBuaKoro BUBiIbHeHHST a00 3a 8 TOIWH TTepe],
npuiiomom ACK. J1y1st mogosiaHHS IICEBAOPE3UCTEHTHOCTI,
noB’s13aHoi 3 BUKopuctaHHsIM ACK y KUIIIKOBOPO3YMHHI I
000JIOHLII, 1JII MMPOBEACHHSI aHTUArperaHTHOI Tepartii CIim
BUKOPHCTOBYBATH 3BUYAMHWI acIipyH, SKW SIK aHTHU-
arperaHT Mae MpocTi (papMaKOKiHETUYHI XapaKTEPUCTUKU.
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BucHoBOK

Y BUCHOBKY HaBOJIMMO 3aXO[H, CIIPSIMOBaHi Ha OTITHU-
Mizaliio KiiHiyHoi epekTuBHOCTI ACK K aHTHarperaHra:

— BiZMOBAa BiIl KypiHHSI;

— TIpU3HAYCHHS aJeKBAaTHOI 1031,

— MiABUILEHHS MPUXUILHOCTI 0 MIpUOMY IIpernapary;

— YHUKHEHHS crijibHoro npusHaueHHs HI13I1;

— BigMoOBa Big KUIIKOBOpo3unHHUX (opm ACK;

— BUKOPHCTAaHHS aJIbTePHATUBHUX aHTHArperaHTHUX
npenaparis;

— Kopexkuisa go3u ACK 3anexHo Bim Macu Tina.

Konduikr inTepeciB. ABTopu 3asBJSIIOTH MPO BiICyT-
HiCTb KOHMIIKTY iHTEpeciB Ta BiacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiATOTOBII JaHOI CTATTi.

BHecok aBTopiB y HammncaHHs cTarTi. [endesexa [.D. —
aHaJji3 Ta iHTeprpeTalis JaHWX, HAITMCAHHS CTaTTi; KOH-
LIeTLis i Au3aiiH gocnimkeHHs; lendesexa A.M. — 306ip na-
HUX, pelaryBaHHsI CTaTTi.
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Aspirin resistance:
causes, clinical significance, correction

Abstract. Aspirin is the most frequently prescribed antiplatelet
agent today. It exerts its antiplatelet effect by irreversible inactiva-
tion of the platelet cyclooxygenase-1, resulting in an irreversible
inhibition of thromboxane-A2 formation. The clinical benefit of
antiplatelet therapy with acetylsalicylic acid (ASA) in high risk
patients has been convincingly demonstrated through the results
of multiple placebo-controlled trials. Nevertheless, a large num-
ber of patients treated with aspirin suffers an adverse cardiovas-
cular event. This observation led to the concept of ”aspirin resis-
tance“. The mechanisms of aspirin resistance remain to be de-
termined, although different theories are being discussed. Several
tests are used to assess resistance to ASA in vitro. Depending on
which assay is used and which population is tested, the prevalence
of aspirin resistance varies between 5 % and 60 %. So far, it was
not possible to define a clear gold standard for detecting aspirin
resistance, which considers both, biochemical data and clinical
events, and correlates them in a reproducible way. The clinical

implications of aspirin resistance are well-documented through
a lot of studies, which conclude that resistance to aspirin in vitro
is associated with a significant increased risk for adverse cardio-
vascular events in cardiovascular patients. Insufficient or exces-
sive antiplatelet effect of acetylsalicylacid may be due not only to
changes in the synthesized cyclooxygenase-1, but also to changes
in its amount. Literature data on the association of various poly-
morphic markers of candidate genes with the effectiveness of an-
tiplatelet therapy of ASA are few and contradictory. Therefore,
it is currently impossible to identify genetic predictors of the ef-
fectiveness of ASA as well as any antiplatelet agent. Continua-
tion of research in this area in the future will predict the patient’s
response to a drug and, therefore, individualize the approach to
the choice and dosage of antiplatelet drugs, which will reduce the
incidence of adverse reactions.

Keywords: aspirin; antiplatelet treatment; aspirin resistance; ace-
tylsalicylic acid; platelet aggregation
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" [TOATQBCBKM ASPIKABHUN MEANYH YHIBEPCUTET, M. [TOATABQ, YKPQiHO
2 Mean4HW yHiBepcuTeT, M. [pal, ABCTpIs

NMpenapatu ceAeHy:
Y AOLIABHO 30CTOCOBYBATHU X B Tepanii
NMATOAOTI T LLUTOMOAIOHOT 30A03U?

Pe3tome. Crarra e ornisgom nitepatypm B 6asax Scopus, Web of Science, MedLine Ta The Cochrane Library i
npucesiYeHa aHasidy 4oKa30Boi 6a3u 3acTocyBaHHs rnpenaparis cesieHy 3 MeToro Tepariii TupeoigHoi naTtonorii.
HesBaxato4n Ha pisHoMaHITHICTb naTonorii wutonogiéHoi 3anosu (LL3), a came: 3miHa po3mipy Ta CTPyKTypu,
rino- Ta rinepgyHKUisi, aBTOIMyHHa, OHKOMAaTOJIOris, HasiBHa He Taka BEJIMKa KiflbKiCTb npernapariB, siKi BUKO-
PUCTOBYIOTLCA B il MeguKamMeHTO3HOMY JliKyBaHHi. [Jo npenapariB, 3acTOCyBaHHSA KX npu pisHivi natonorii L3
€ BunpaBhaHuUM, BiHOCATLCS rpernaparu vogy, JIeBOTUPOKCUHY Ta MEeBHOK Mipo TPUMOATUPOHIHY, TupeocTa-
TUKK (MeTuMasos, kapbimasos, nponinTioypauymns), pagioakTUBHUA MOL Ta rIIOKOKOPTUKOIAM | 6eTa-6riokaTopu
fIK gogatkoBa cuMIiToMatnyHa Teparnisi, Hanpukniag, npy xsopobi [pevieca Ta nigroctpomy tupeoiuti. FocTpuii
TMpEOIgUT NOTPEbyE NMpU3HaYeHHs aHTUbakTepiasbHOI Tepanii, a OHKONaToaoris — crneyngidHux ximiotepare-
BTUYHUX 3aC00iB, €(DEKTUBHICTb SIKMX, HA Xallb, HE € BUCOKOIO, a YactoTa npuaHa4eHHs 3Ha4qHa. lNopsg 3 yumm
npenaparamu rpoTsaroM 0CTaHHbOro AeCATUPIYYs HeOYBaIoro rMOLUMPEHHST HAbYr10 NMPU3HAa4YeHHS Npv TUPEOIaHIV
nartosiorii npenapariB cesieHy siKk KOMIOHEeHTa MOXJ/IMBOI naTtoreHeTn4Hoi Tepanii. [1py yboMy npusHa4aroTbes Ui
npenapaty rnayieHTam 3 giaMmeTpasibHO NPOTUNEXHUM (YHKLIOHaIbHUM cTaHoM L3, aBToiMyHHOI naTonorieto,
BY3/10yTBOPEHHAMM. CKIa[a€eTbC BPAaXKEeHHS, L0 KaHUyeporeHes y L3 3anuiumBcs EQUMHOK0 NaTosorieto, 3a SKoi
3acTocyBaHHSs rpenaparis cesieHy He € PEKOMeH[0BaHUM, Xo4a € JOCTIXXeHHS, SIKi BKa3yoTb Ha 3B’130K OHKora-
Tonorii L3 Ta geqhiynty ceneHy. Pe3ynstaty KniHiYHUX JOCTIAKEHb Ta MeTaaHani3iB HagaroTbCa Yepes rnpuamy
OMUTYBAHHS ITaNIICLKNX Ta EBPOINENCbKUX JliKapis OO MPU3HaYeHHs HUMU riperaparis cesieHy 3 MeToro Tepariii
BignosigHoI natonorii LymuTononi6Hoi 3an03u. MNpogeMoHCTPOBaHO HEAOCTaTHICTb JOKAa30BOi 6231 3aCTOCYBaHHS
cesieHy npw GinbLUOCTI BUAIB NAaTONOrii LMTONOAZIOHOI 3a/103u:; aBTOIMYHHOIO TUPEOIAUTY, SIBHOIO Ta CYOKJIiHIY-
Horo rinoTupeody, xaopobu [periBca. 3a gaHUMU GirbLLOCTI AOCTMKEHb, oAaBaHHs 4O Tepanii ceneHy nigsu-
Lye BMICT ViOro B KpoOBi, BI/IMBA€E Ha PIBHI CENIEHOMNPOTEIHIB Ta aHTUTUPEOIHNX aHTUTIN, ane HiSKUM YUHOM He
BI/IMBaE Ha OCHOBHI KIiHIYHI napameTpu, TaKi ik piBeHb rOPMOHIB LYNTOMNORIOHOI 3a5103u, 403a JIEBOTUPOKCUHY,
KNiHIYHa cMmnTomaTtuka. 3arasiom 3acTocyBaHHs CeneHy npu TUPEOI[HIVi NaTosnorii He Moxe BBaXxaTtucsi OLib-
HUM, 3a BUKITIOYEHHSIM N1erkoi gpopmu opbitonarii [pevisca. BkasaHo Ha CyTTEBI BiAMIHHOCTI B AaHWX KITIHIYHUX
LOCnigKeHb Ta peKoMeHaauisix TMPEoifonoriYyHuxX ToBapuCTB 3 peasibHOK 4acToTON MPU3HAYEHHS npenaparis
cerieHy JikapsaMU-rpakTMKkamMy 3 MeToro Tepariii Ta npoginakTmku TMpeoigHoi naTonorii.

KntoyoBi cnoBa: ornisg; cener,; naTonoris WWUTono[ioHoI 3a5103u; aBToiMyHHWY TupeoiguT; op6iTonaris pevieca

Bctyn
OcTaHHIMM poKaMU JOBOJIi 4acTO JliKapi MpU3HaYa0Th

opb6iTonarii I[peitBca. JlaHuii OTJIsIa MPUCBSTYCHUI OLIHII
IaHUX KJIiHIYHUX AOCJIiIKEeHb Ta MeTaaHasi3iB 3 METOI

npenaparu CeJieHy SIK JIOTIOBHEHHs, a iHKOJIU i SIK OCHO-
BHY Teparlilo pi3HOMaHITHUX XBOPOO IIMTOIOAIOHOT 3a/10-
3u (113). OmHak, BiIMOBIZHO OO Cy9aCHUX KEpiBHMIITB,
€ jiiie oaHe odilliiiHO cXBajJieHe MoKa3aHHSI 10 3aCTOCy-
BaHHs CeJIeHy IPU TUPEOIMHIM maToyorii — jierka ¢gpopma

BU3HAUEHHS JOIJIBHOCTI 3aCTOCYBaHHS CEJeHY SIK KOM-
noHeHTa Teparii narosorii L[3. IMapanenbHo HamaOTbCs
JaHi pe3y/bTaTiB iTaJiliCbKOTO Ta €BPOIEMCHKOIO OIUTY-
BaHb JIiKapiB 111010 MPU3HAUYEHHS MIPenapaTiB cesieHy Mpu
pi3Hux xBopobax 1113.
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30CTOCYBAHHSI CeAEHY

Nnpv TMIPEOIiAHIN NATOAOTII:

PEe3yAbTATU AOCAIAXKEHb, METACOHAAI3IB
TA IX OOGroBOpPEeHHs

He3Baxaloun Ha pizHoMaHiTHicTb marosorii I3, a
caMme: 3MiHa po3Mipy Ta CTPYKTYPH, TillO- Ta rirnepyHKILis,
aBTOIMyHHa, OHKOIIATOJIOTis, HasiBHA HE TaKa BeJIMKa KiJib-
KiCTh IpenapariB, sIKi BAKOPUCTOBYIOThCS B ii MEIMKaAMEH-
TO3HOMY JIiKyBaHHi. Jlo TipernapariB, 3aCTOCYBaHHSI SIKMX
npu pi3Hiii marosorii 113 € BUNpaBmaHuUM, BiTHOCSTHCS
npenaparu Moy, JeBOTUPOKCUHY Ta MEeBHOIO Mipolo Tpu-
MONTUPOHIHY, TUPEOCTaTUKM (MEeTUMa3oJ, KapOiMasoll,
MNPOMiATIOypalui), panioaKTUBHUI Hod Ta TIIOKOKOPTH-
KoimM i OeTa-0JI0KaTOpU K OAaTKOBa CUMIITOMAaTUYHA
Teparlis, HampuKiaa, Mpu xBopooi [peiiBca Ta miaroctpomy
TupeoinuTi. [ocTpuit TMpeoinuT MOTpedye MpU3HAYSHHS
aHTHOaKTepiaibHOI Teparmii [1], a oHKomaToJIorisi — cre-
HUGpIiYHUX XiMioTepameBTUYHMX 3aco0iB, e(EeKTUBHICTh
SIKUX, Ha XaJib, HE € BHCOKOIO, a 4YacToTa NMpU3HAUYEHHS
3HayHa [2, 3].

TTopsia 3 iuMu TipernapaTaMu MPOTATOM OCTAaHHBOTO JIe-
CATUPIUYS HeOYBAJIOTO MOIIMPEHHST HA0YJIO MTPU3HAYCHHS
MpY TUPEOIidHII MaToJIOoTii MpenapariB ceJeHy SIK KOMITIO-
HEHTa MOXKJIMBOI MaToreHeTU4HoI1 Teparii [4]. [Tpu ubomy
MpU3HAYAIOTHC 11i IpenapaTy NallieHTaM 3 JdiaMeTpaJbHO
OpoTwiIeXXHUM (PyHKIioHanbHUM ctaHoM L3, aBroiMyH-
HOIO TATOJIOTIiEI0, BY3J0yTBOpeHHsIMU. CKIaJaeThcs Bpa-
JKeHHsI, 110 KaHueporeHe3 B L3 3anumuBces eanHoo na-
TOJIOTi€10, 32 SIKOi 3aCTOCYBaHHS MpernapariB CeJeHy He €
PEKOMEHIOBAaHUM, X04a € JOCIiIKEeHHs, SIKi BKa3ylOTh Ha
3B’s130K oHkomnatosiorii I3 Ta nedinuTy ceneny.

JoBoJli BeaMKa KiJIbKiCTh MyOJiKaliil y BiTYU3HSIHIN
HAyKOBill MEOWYHIN IIpeci ONMCYE MO3UTHUBHUII BILIUB
npenapariB cejieHy npu pidHUX xBopobax I3, ocHoBHa
yBara Ipu LbOMY IIPUIUISIETHCS aBTOIMyHHOMY THUPEOidn-
Ty (AIT) 3 rinoTupeo3om abo 6e3 Hporo [5—8]. MoXIHBO,
TaKU pO3MOAiJ yBaru oOyMOBJAEHUM HAWOUIbII 3HAYHUM
nomurpeHHsIM caMe 1iel marosorii 1113 Ta 3aaHraxkoBaHi-
CTIO TTPO0JIeMaTUKY BUPOOHUKAMU CEJICHOBMICHUX CYTLIE-
MEHTIB, a MOXJIMBO, TUM, 110, He3BaXKalouMu Ha YiTKe po-
3yMiHHSI TTaToreHe3y Ta KJliHiyHuX rposiBiB AlT, BiH i moci
3IMIIAETHCS TAEMHULICIO 32 CiMOMa 3aMKaMM JIJIs1 3HAYHOT
KibKoOCTi JikapiB. [lyomikaiii y BiTYM3HSIHIN MeIUIHIN Ta
HaBKOJIOMEIMYHIN Tpeci, Tak caMo SK i BUCTYIIM Ha Me-
IUYHUX KOH(MEPEeHIIisIX, MPU3BEIN 10 CYTTEBOIO 3POCTaH-
HSI TIpU3HAUYEHHS TpenapariB CeJeHy SK TpU TaTosoril
1113, Tak i 3a 1i BiICyTHOCTi 3 MPO(iIAKTUIHOIO METOIO.

Otxe, crpoOyeMo po3ibpaTucs, YM MiACHO 3aCTOCY-
BaHHs CEJIEHOBMICHMX IIpernapaTiB € HaCKiIbKUM Heo0-
XiTHUM.

[Tepur 3a Bce c1if 3a3HAYUTH, 11O IIUPOKE MPU3HAYECH-
Hs1 IpernapariB cejieHy MpUTaMaHHE He JIMIIE BITYU3HIHUM
eHIIOKpUHOJoraM. BOHO cTano 3arajJbHOEBPONEHCHKUM
TPEHJIOM, a MOXJIMBO, 1 3araJiIbHOEBPONEHCHKOIO MPoodIIe-
MOI0, aJIe XOUEThCs BipUTH, 1110 HE 3arajibHOEBPOTENCHKOIO
0is010. 3a TaHUMM ABOX JOCJIIKEHb, Y SIKUX TIPOBOIMIIOCS
OMUTYBaHHs MPaKTUKYIOUUX JiKapiB-eHIOKPUHOJOTIB B
Itanmii (2016) [4] Ta 3araiom B €Bpori (2018) [9], yacToTa
NpU3HAYECHHS MpenapariB cejaeHy npu natoJjorii 1113, 30-
kpema npu AlT, € myxe BUCOKOIO.

3BiIKM X IMIUIa TeHACHIIS A0 HACTUIBKM IIMPOKOTO
3aCTOCYBaHHS CeJIeHy NP TUPEOIIHii maTojiorii? Y Oiib-
IIOCTI pOOIT, sIKi OOIPYHTOBYIOTH IOLIJIBHICTh 3aCTOCY-
BaHHS 1IMX TperapariB, OCHOBOIO € He KJIiHiYHA JI0Ka30Ba
6a3a, a (pizionoriyHi Ta maroreHeTn4Hi pakTu. [1pu LboMy
BKa3ylOTh, 110 CEJIEH € BAXJIUBUM MiKpOEJIEMEHTOM, He-
00XiTHUM IS TTPaBUJIBLHOI pOOOTHM iMYHHOI CHUCTEMHU Ta
¢ynkuionyBanHs 13 [10]. Poab ceneny B cuHTe3i ¢ep-
MEHTIB, sIKi PEeryaioloTh cCuHTe3 TopMoHiB 11[3, Oyna Bin-
KpuTa BilHOCHO HemaBHO, Y 1990-x [11]. KoHueHTpalis
ceneny B L3 Buma (0,2—2 MKr/r), HiX y Oyab-sIKUX iH-
mux TkaHuHax [11]. Takox cesieH BXOOUTb A0 CTPYKTYpU
MNeBHUX OiNKiB — ceneHomnporeiniB [12, 13]. CeneHomnpo-
teinu 113 BKiIIO9aloTh Tpu ciMeiicTBa (hepMEHTIB: TIyTa-
TiOHIIEpOKCUAA3U, TIOPEAOKCUHPEAYKTa3! i MOATUPOHIH-
nevionuHaszu. [yratioHnepokcraa3u BUKOHYIOTh BaXJIUBY
(YHKIIiI0 Y BiIHOBJEHHI MEPOKCUAIB i 3aXxMIIAIOTh KJIi-
THHM Bill TOIIKOMXKYIOUOI Iii BUIbHMX paguKaliB KHMCHIO.
TiopenokcuHpenykTa3u MalpTh BUpilllaJbHE 3HAYEHHS B
AHTUOKCUIAHTHUX TIPOLIECaX, IHTErpyloThCcs B IMPOLECU
eKCIIpecii TeHiB i perysolTh AesiKi (hakTopu TPaHCKPUII-
uii [14]. HdeiioauHa3yu BKJIIOYAIOTh TPU TUIUA (DEPMEHTIB,
CHUTPHOIO (DYHKIIIEIO SIKMX € peryJsilis akKTUBaLlii Ta iHaK-
tuBauii ropmoHiB 1113 [15]. Binpi3HsitoTbest BOHM 3a KaTta-
JIITMYHUMU BJIACTUBOCTSIMU Ta PO3MOJIJIOM Y TKaHUHAX.
€ nani, mo nediuuT celeHy NMPU3BOIUTH 10 3HUXKEHHS
¢epMeHTAaTUBHOI aKTUBHOCTI IJYTaTiOHIIEPOKCHIA3W Ta
WOATUPOHIHAEHOANHA3M 3 TOAAJbIIUM HAKOTUYEHHSIM
H,0,, momkomxennam 113 Ta nopyuieHHsAM MeTaboi3-
My THPEOimHUX TOopMOHIB [11]. € maHi mI0mO CUHEPTri3MYy
oy Ta CeJIeHY B peryJisiilii akTUBHOCTI ceJieHO(GEPMEHTIB
Ta CUHTE3y TUPOKCUHY i TpuiioaTupoHiny B I3 [16]. Bu-
XOIS9M 3 IUX (PakTiB, OyI0 3p00JIeHO NMPUNYIIEHHS IIPO
MO3UTUBHUI BIUIUB cejieHy Ha ¢yHKIito 1113 ta morpedy B
MpU3HAYCHHI OTO0 IpernapaTiB 3 METOIO JIiKYBaHHSI TUPEO-
imHO1 maToJiorii Ta ii mpodinakTuku. Hu3bKy KOHIIEHTpa-
110 CeJIeHy MOB’SI3YI0Th 3 MPOTPECyIoU0I0 iIHTeHCH(iKalli-
€10 aBTOIMYHHUX MPOIIECiB, pO3BUTKOM XBOpobu [peliBca,
AIT Ta paky I3 [17].

VY Toit e yac MOXJIMBUM € TIPUMYIICHHS, 1110 BUSIB-
JIEHHS poJi cesnieHy B MeTabosi3mi 1113 o6ymMoBuMIIO moTpe-
Oy B TOUIYKY TTOKa3aHb IO MOTo 3acTOoCyBaHHS (hapmarie-
BTUYHUMU KOMIIAHiSIMU — BUPOOHMKAMU CEJIECHOBMICHUX
npenapatTiB. Taka IymMKa Ma€ IIpaBO Ha KUTTsI, OCKIJIbKU,
SIKIIIO PO3MJISTHYTU PE3yJbTaTh KJIiHIYHUX TOCHTIIKEeHb, TO
MepCIeKTUBU 3aCTOCYBAHHS TpernapariB ceJieHy MpHU MaTo-
Jstorii 1113 He BOAUarOThCSI HACTIBKY paimy>kHUMU. IHTEepec
CTAHOBUTH OLliHKA TAHWX TOC/iIKeHb Ta MeTaaHaJTi3iB 3 BU-
BUYECHHS e(peKTUBHOCTI IIpenapaTiB CejleHy MpU Pi3Hill Ima-
tosorii L3 yepe3 rpu3my pe3ybTaTiB OMUTYBaHHS JliKapiB
1100 MPU3HAYEeHb CeJICHY MPU BiAMOBIAHIM MaTOJIOTI].

ABTOIMYHHUI TUPEOTAUT
(xBopo6a Xawmmoro) 3i 36epeXeHoto
TA 3HMXXEeHOoo PyHKuieto L3,
CYOKAIHIYHUM TA SBHUM FiNOTUPEO3OM
IlepeBaxkHa KiIbKiCTh pOOIT 1100 BILUIMBY MperapariB
cesieHy Ha xBopoou 1113 mpucBsueHi i1oro BIUTMBY Ha aBTO-
iMyHHY MaTOJIOTiI0 MePeBaXKHO 3i 3HUKEHOIO 11 (hYyHKITIEO.
Lle moB’s13aHO 3 MPUITYIIEHHSIM, 1110 Ie(illUT CEICHY MOXe
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noripmuTu ¢pyHkirio 113 mpu 3HMXEHHI aKTUBHOCTI TJTy-
TaTioHNepokcuaa3 Ta/abo neloauHa3 TIpU TiABUILEHHI
iHTeHcubikalii okucHoro nomkomkeHHs [11, 15]. Cene-
HOMpOTEiHAM MpUTaMaHHA aHTMOKCUIAHTHA aKTUBHICTb,
TOMY OYJI0 IMPOBEJCHO JIEeKibKa JOCTiIKEeHb BILIMBY CeJie-
Hy Ha yrnoBibHeHHs nporpecyBaHHs AlT Ta rimotupeo3y.
OtpuMaHi pe3ynbraTvl IIOA0 3aCTOCYBAHHS CeJIEHY y IIi€l
KaTeropii Nalli€eHTiB € CyNepeuYTMBUMU.

VY OGinbiiocti mociinkeHb 3 BUBYEHHSI 3a0e3IeYeHO-
CTi CeJICHOM aBTOpM BKa3ylOThb Ha HU3bKUII PiBeHb celie-
HY B KpOBi y Malli€eHTiB 3 aBTOIMYHHOIO TaroJjorieio 1113.
30Kkpema, y ITOCTiIKEeHHI MalieHTiB 3 BIepllle J1iarHoCTO-
BaHUM TilIOTUPEO30M PiBEHb CeJIEHY B IJIa3Mi OYyB 3HAYMO
HIDKYNUM, HiIX Yy 3mopoBux oci6 [18]. Ilpu upomy gactoTa
nediuuTty ceneHy craHoBuia 58,8 i 34 % mipu THpeoinuTi
XalmMOoTO Ta B KOHTPOJIbHIl I'pymi BidIllOBinHO. Y maHO-
MY JOCHiI>KEHHI HU3bKWU piBeHb CEJEHY MPU TiMOTUPEO3i
KOpeJIoBaB 3 BUCOKMM BMIiCTOM Oy, piBHEM aHTUTII 10
tupeoinHoi nepokcunasu (AT-TIIO) ta posmipamu 1113.
B iHmomy mepexpecHoMy mociaimkeHHi 323 mallieHTiB 3
rinotupeo3om (n = 61) ta AIT (n = 107) Oyau BusiBieHi
3HAYHI BIAMiHHOCTi B CHPOBAaTKOBUX KOHIIEHTpPALLisIX celie-
HY MiXX XBOPUMU 000X TPYIT MOPIBHSHO 3 KOHTpoJieM [19].
ITompu Te, 110 KOHIIEHTpallisl CeJIeHy B CHpOBaTIli Oysa
BiTHOCHO HM3bKOIO MOPiBHSIHO 3 TPYMNOIO 3A0POBHUX OCi0,
B3a€EMO3B’SI3Ky MiX TUIIOM 3axBoproBaHHs 1113 i Bupaxe-
HicTIo neiuTy celeHy He BUSIBJICHO.

Hocnimxkenns 30 xinok (15 3 rimotupeo3oM i 15 3m10-
pPOBHUX) TIPOJEMOHCTPYBAJIO BUIIi PiBHI TUPEOTPOITHOTO
ropmoHy (TTI) i AT-TIIO Ta HUXYY aKTMBHICTb IJyTa-
TioHIIepoKcuaasu y nmamieHTiB 3 AIT mopiBHSHO 3i 3m0po-
BUMU 100poBOJbIsIMU [20]. Y 1aHOMY IOCHiIKEHHi OyJ10
BUSIBJICHO 3B’S130K MiXK LIMMU napaMmeTpamu. OTpuMaHi pe-
3yJIbTaTH JIO3BOJIMJIA aBTOPaM 3pOOUTH TIPUIMYIIEHHS, 110
ceJleHO(PepMEeHT TyTaTioOHIIepOKCcUaa3a € OJHUM 3 Hali-
BaXJIMBIIUX (pakTOpiB, sIKMi1 BriiMBae Ha peryisuito TTT
i BUTIbHOTO TUPOKCHHY.

V mocnimxeHHi 23 miTell 3 TIMOTHMPEO30M, IIECTEpPO 3
SIKMX MaJin ieiuuT cenieHy, 0yJ0 NpoaeMOHCTPOBAHO KO-
peJisLio Mixk piBHeM ceneHy Ta TTT, Baroio Ta BikoM miteit
[21]. OTpuMaHuX TaHUX TaKOX BUCTAUYMIIO aBTOpaM, 11100
3p0OUTH BUCHOBOK, 110 Y JiTel 3 TiMOTUPEO30M HEeoOXim-
Ha J103a JICBOTUPOKCHUHY MOXe€ 3aJIeXaTH Bijl BUPAXXeHOCTI
nediuuty ceneny.

G.E. Krassas i ciiBaBT. MpOBeJIN TOCTIIXKEHHS, Y IKOMY
BUMIpIOBAJIM PiBHI ceJieHy B IJ1a3Mi Ta oy B cedi y BUOip-
i i3 160 mamienTis i3 AIT Ta 27 0¢i6 KOHTPOJILHOI IPYITH 3
YOTUPHOX EBPOIEHCHKMX KpaiH [22]. 1 oLiHKM 3a0e311e-
YEHOCTI CEeJIEHOM BU3Havaju ABa OioMapKepu: YMICT celie-
Hy Ta ceneHomnporeiny P B mura3mi. Byna BusiBnena niHiiiHa
KOpeJIsiilist MiXK CeJIeHOM Ta ceJieHonpoTeiHoM P ta MeHIa
3a ONTUMaJbHY KOHIIEHTpallisl ceieHy y naiieHTiB i3 AIT.
ABTOpPM TIPUMYCKAIOTh, 110 TOAABAHHS CEJIEHY MOXe MaTh
CpUSTAUBUI €dEeKT y MalLliEHTIB 3 aBTOIMyHHUMM 3aXBO-
proBanHsmu 1113.

Ax BUAHO, yci aBTOpHU, SKi 3HAWIIUIM BiIMiHHOCTI B
piBHI ceJieHy 4d ceJleHONpoTeiHiB mpu martoJjorii 113,
He3BaxkalouM Ha Majly KiIbKiCTh YYaCHMKIB JaHUX [O-
CITiIXKeHb, POOJISTh TMPUITYILIEHHS PO 3B’SI30K LIMX 3MiH
3 iHmmMMHM napamerpamu ¢yskuii 1113 Ta BKasyioTh Ha

IOLIIbHICTh 3aCTOCYBAaHHS CeJIEHY B Tepallil BKa3aHOI ma-
toJiorii. OgHaK He B YCiX HOCIIIKEHHIX BIAIOCST 3HAWTHU
TakKi BiIMiHHOCTI.

3okpema, AOCHIIKEeHHS TMiMTITKIB i AiTeil 3 rinoTu-
peo3om (35 ocid) i 3mopoBux oci6 KoHTposo (30 ocid)
He TI0KAa3aji0 CYTTEBUX BIIMIHHOCTEH y PiBHSX CEleHy Ta
aKTUBHOCTI cejieHomnpoTeiny P i riayraTioHmepokcumasu
B cupoBaTli KpoBi. He Oys0 BUSBIEHO XKOMHUX 3B’SI3KiB
MiX PiBHSIMUM TJIyTaTiOHIIEPOKCHUAA3U, CEJICHOINPOTEiHy P,
aHTUTIT 10 Tupeoriobyiiny (AT-TT) ta AT-TIIO. Ko-
peJisiis Big3Havyajaacs BUKJIIOYHO MiXK BMiCTOM CeJIEHY Ta
aKTUBHiIcTIO ceneHonpoteiny P [23]. IHie mociimkeHHs
[24] TakoX He BUSBUIO CYTTEBUX BiAMIHHOCTEI MixX Ialli-
€HTaMU 3 TIMOTUPEO30M Ta 3T0POBUMU KOHTPOJIBHOI TPYITU
B piBHi cesneHy mia3Mu. He Oyio 3Hauymx BinMiHHOCTEM
Y KOHIIEHTpAIIil CeJIeHY MiX I'pylaMM MAali€HTiB 3 TillOTH-
PEO30M i 3MOPOBUX JIIOAEH B JOCTIIKEHHSX [25, 26].

3B’I30K MiX piBHSIMM MiKpOEJIEMEHTIB, BKIIOUAIOUYN
ceJieH, i BAHMKHEHHSIM CYOKJIiHIYHOTO TillOTUpEeOo3y Y ma-
LIIEHTIB 3 OXKMPiHHSM BUBYABCS y AOCHiIKeHHi [27]. Y Bu-
Oipui 3 109 miteit (28 i3 HaIIMIIKOBOIO Macolo Tija, 29 i3
OXUpPiHHSAM, 28 i3 XBOPOOJMBUM OXMPiHHSIM, 24 Tpynu
KOHTPOJII0) He OyJIO BUSBIEHO KOPEJISLIil Mixk TOpMOHAMU
113 B cupoBarii KpoBi Ta piBHEM ceJIeHY. Y TOIi Xe Jac BU-
pakeHU#l BIUIMB Ha PiBHi BiIbHOTO TUPOKCHUHY Ta CEJIEHY
CIIPABJISLIO OXKUPiHHS.

VY nocnimxenHi nauieHTiB 3 AIT [28] 3B’13Ky MiX KOH-
LIeHTpaliclo ceileHy Ta ¢yHkuieo 113, mapamerpamu
OKHCHIOBAJIbHO-BITHOBHOrO OajlaHCy, KIiHIYHUMU JaHU-
MU, TaKUMU SIK J03yBaHHS JE€BOTUPOKCHUHY, TPUBAIICTh
3aXBOPIOBAaHHS Ta Teparlii, BUsBJIeHO He OyJo. [TokazHuku
He BinpizHsucs 3ainexHo Bia ¢yHkiuii L3 (eytupeo3s, saB-
HUI a00 CYOKITIHIYHMI TilTOTHpeo3) Ta TOTo (aKTy, OTPH-
MyBaJIM Malli€HTH Teparlilo JeBOTUPOKCUHOM UM Hi [28].

Byno mpoBeneHO mOCHimKeHHSI BIUIMBY 3aMiCHOI Te-
parii JJeBOTUPOKCMHOM Ha BMICT CeJIeHy B KpOBi y Tpy-
mi 3 43 nauieHTiB i3 AIT Ta cyOKJIiHIYHUM TiMOTHPEO30M
TMOPIiBHSAHO 3 49 3MOpPOBMMM 0CcOO0aMU KOHTPOJBHOI Tpy-
MU, sKi TPOXMUBAIOTh y 3a0e3MevyeHiil 1oaoM MiCleBOCTi
B TypeuuuHi [29]. TakoxX KOHTpOJIIOBAIU BILIUB 3aMiCHOI
Teparii mpenapatamu ropmoHiB L3 Ha Taki 1abopaTop-
Hi Ta KJIiHiYHI MapameTpu, sK iHmekc macu Tina (IMT),
TTT, TMpOKCUH, TPUHOATUPOHIH, 3araJbHUI XOJeCTepUH
i ¢pakuii, Tpurminepunu, C-peaktuBHuii 6in10K (CPB)
Ta romouucTein. KoHileHTpallii celeHy y XBopux Ha cy0-
KJIiHIYHUK TIMOTUPEO3 He BiAPi3HSUIMCS OO Ta MiC/s JiKy-
BaHHS JIEBOTUPOKCHHOM i Oy/IM 3HAUMMO HIDKYMMU, HiX
Y KOHTPOJIbHI rpyni. CriocTepiraeTbcsi HeraTUBHa KOpe-
Jisiuist Mixk piBHsiMM cesieHy Ta CPB. Y naliieHTiB i3 piBHeM
ceneny < 80 mxr/i (n = 31) piBHi CPb O0ynu 3HauHO BUIIIM-
MM, HiX y MalieHTiB i3 piBHeM cejieHy > 80 MKr/i1. ABTO-
pM He CIIOCTepiraju XXOIHOTro 3B’ 13Ky MiX dyHkiiero 1113
Ta KOHIICHTPAIII€IO CeJIeHY, a TAKOX 3HAaYyHuX 3MiH B IMT,
piBHAX X0JlecTepuHY, roMouucteiny, CPb, Bitaminy B, a6o
PiBHSIX (POJTIEBOI KMCIIOTH.

VY nocnigxenHi [30] nauienTn Oyau po3aijieHi Ha Tpy-
MU: TUPEOiAUT XallUuMOTO Oe3 JIiIKyBaHHSI JE€BOTUPOKCH-
HoM (n = 14) i TinoTHpe03 3 JiKyBaHHSIM JIEBOTUPOKCHUHOM
(n = 19) Ta KOHTpPOJIbHA TpyIa 3I0POBUX Malli€HTIB. Me-
NiaHW KOHLIEHTpALlili ceJieHy B yciX rpynax Oy/jau momioHu-
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mu. PiBHIi ceneHompoTeiny P y cupoBaTiii OyiIu HIDKYMMU
(p=10,002) y nmaiieHTiB 3 TinOTHpPe030M 0e3 JTiKyBaHHS Jie-
BOTUMPOKCHMHOM TMOPiBHSIHO 3 KOHTPOJIbHOIO Ipyriolo. byno
BUSIBJICHO 3HAUMMY KOPEJISIIIiI0 MixX PiBHSIMU CEJIeHOIPO-
teiny P ta AT-TI10. OgHak He OyJI0o BUSIBIIEHO BIUIMBY Ce-
JIEHY 41 ceJieHomnpoTeiny P Ha Oymb-sKi iHIII mapaMeTpu.

Hagsne mocnmimkenns [31], mo BkiIovanao 23 maiieH-
TH 3 TinoTupeo3oM i 70 300poBUX, Y SIKOMY KOHLIEHTpaLIil
ceneny Oy BummMu (p < 0,0001) y rpymi rinoTupeosy
MOPIBHSIHO 3i 3IOPOBUMM, IO CYIEPEUYUTh pe3yjbTaTam
OUTBIIOCTI iHIIMX AOCIIIXKEHb.

JlaHi mpoBeaeHNX MeTaaHai3iB TAKOX He HaJaloTh Tie-
PEKOHJIMBUX apTYMEHTIB Ha KOPUCTh 3aCTOCYBaHHSI TIperna-
paTiB ceJieHy.

Meraanani3 [32], npoBeaeHuit y 2010 potlii, 1mokasas,
mo mnanieHT 3 AlT, ki mpoTsaromMm TpbOX MiCAIIB OTpPHU-
MYBaJI JIiKyBaHHSI CEJIEHOM JIOJaTKOBO JIO JIEBOTUPOKCH -
Hy, moKa3auu 3HauHo Hixk4i Tutpu AT-TIIO (y yoTupbox
TMOCITIIKEHHSIX) 1 3HAYHO BUIIY HMOBIPHICTb TTOKpAIIEHHS
CcaMoMouyTTsI Ta/ab0 HAcTpow (y TPhOX JOCTIIKEHHSIX)
MOPIBHSIHO 3 MAILliEHTaMM, sIKi CeJieH He IpuiiManu. Y Toi
K€ 4ac OCHOBHI KpuTepii e)eKTUBHOCTI Tepariii, Taki siK
noTpedba B 3aMicHill Tepamii J€BOTMPOKCMHOM Ta IOro
11032, He BiIPIZHSUIUCS MK TpyraMu abo HaBiTh OyJu Tip-
muMu. He Oysio mpoaeMOHCTpOBaHO i KOIHUX 3MiH yJb-
Tpa3ByKoBoi Mopdoorii 1113.

ABTOpPM iHIIOTO OIJISIAY YOTUPHOX HOCHTIIKEHb, IO
BKJItouain 463 mauieHTH, y SIKUX OL[iHIOBABCS BIUIMB JI0O-
naBaHHS cejieHy nauieHTam 3 AlT, BKa3yloTh Ha HesICHUI
200 BUCOKUI PU3UK YIIEPEIKEHOCTi 3 OOKY aBTOPIB JaHUX
TMOCIIIKeHb. 3arajloM pe3yIbTaTh He Halalau KOTHUX T0-
KaziB, fKi 0 4iTKO MiATBEpIXyBaJM abO CHPOCTOBYBAIN
eeKTUBHICTh 3acTocyBaHHs ceneHy rpu AIT [33].

CyMHiBHY 111010 KOPUCHOCTI 106aBoK ceyneHy mpu AIT
MiATBEPIXYIOTbCS  pe3ybTaTaMU  IOABIMHOrO  CJIIoro
pPaHIOMI30BaHOTO  IUIa1e00-KOHTPOJIbOBAHOTO  JOCIIi-
JKEHHSI, Y SIKOMY KiHKU B CTaHi eyTUpeo3y Ta 3 TUTPOM
AT-TTIO > 100 On/mut Oynu paHIOMi30BaHi Ha TPYIH, SIKi
otpumyBasin 200 MKT/mo0y cesieHiTy HaTpio abo rianedo
OpoTIroM IecTtu MicsuiB [34]. VY rpymi, sika 101aTKOBO
OTpUMYyBaJia CeJIeH, CITOCTEpirajgocsl BUKIIIOYHO 3HAUYHE
30iIblIEHHS ceJieHy Ta cejieHomnpoTeiny P y kposi. 2Kon-
HOTO MO3UTUBHOIO BIUIMBY Ha piBeHb TTI, Tutp AT-TI1O
a00 SIKiCTb XXUTTS BUSIBJIEHO He OyJI10.

Ha cporonmni XomHe paHAOMi30BaHe KOHTPOJILOBaHE
JIOCJIIIKEHHST He TIPOIEMOHCTPYBaIo e(DeKTUBHICTh celle-
Hy y AT-TIO-no3utuBHUX ab60 HETaTUBHUX MAIiEHTIB i3
cyoxumiHiyHIM Tinotupeo3oMm. HocaimkernHs 2002 poxy,
npoBeaeHe Ha 70 mauieHTKax, MPOAEMOHCTPYBajIO 3HU-
xkeHHs1 AT-TIIO mpu 3actocyBanni 200 MKr ceieHy Oe3
BruiuBy Ha piBeHb AT-TT; y rpyni niane6o, HaBIaku, piBHi
AT-TI 3HMXKyBanMcs 3a BiICyTHOCTiI 3HAUMMOI AUHAMIiKU1
AT-TIIO [35].

IlongiiiHe ciine 1ane60-KOHTPOJbOBAHE TOCTIIKEH-
Ha 3a ydacTio 0nu3bko 1000 mamieHTtiB y CrnomydeHOMY
KoponiBcTBi He BusiBMIO BIUIMBY n00aBoK cejeHy (100,
200 a6o 300 mkr/mo0y) Ha dyHkiiro I3 [36]. Bararo-
LIEHTPOBE paHIOMi30BaHe KOHTPOJIbOBAHE MOCIiIKEHHS
3a yyacTio Aopociux naiieHTiB 3 AlT, aki oTpuMyIOTb Jii-
kyBaHHs JieBotTupoKcuHoM (CATALYST), moBuHHO Oyi10

3aBePIIMTUCS 1 ONPUIIOOHUTU pe3yiabTatd y 2018 pormi
[37], omHaK pe3ynbTraTvl JOCi He OITyOJIiKOBaHi. YJacHUKM
JOCITiIKEHHS Oy/IM MOAiNeHi Ha OBi rpynu 1mo 236 oci0,
sKki orpumytots 200 Mr cesieHy abo manebdo 101aTKOBO
JIO CTaHAApTHOTO JiKyBaHHs. [IepBUHHOIO TOUKOIO TaHO-
ro JOCIiIKeHHs € auHamika crienudivynoi mrst L3 omin-
KW SIKOCTi XXWTTSI BiIOBITHO 1O NaHUX OINUTYBaJbHMKA
Thyroid Patient-Reported Outcome (ThyPRO). Bropunsi
pe3ysbTaTi BKIIoUaTh KoHleHTpallito AT-TITO B cupo-
BaTLli KPOBi; CHiBBiIHOILLIEHHS TPUMNOATUPOHIH/TUPOKCUH
Yy CHUpPOBAaTIi KPOBi; MJO3yBaHHS JEBOTUPOKCHUHY; IMOOiIUHI
peaxilii Ta cepilo3Hi MOOIYHi peakilii i momii.

V BimHOCHO BeJMKOMY JJIsI TaHOI MATOJIOTii MeTaaHa-
Ji3i 16 KOHTPOJIILOBAHMX HOCHiIKeHb [38] OyJlo OTpUMaHO
Taki pesynsratu. Cepen Ipyll, sIKi OTpUMYBaJIU JIiKyBaHHSI
JIEBOTUPOKCUHOM, TpyTa CeJIeHy MaJia 3HaYHO HIKYi PiBHI
AT-TTIO uepe3 3 wmicsui (7 nocnimkens, p < 0,0001), ski
30epiranucs yepes 6 micaiis (y 3 gocaimkeHHax) Ta 12 Mi-
csuiB (B 1 mocnimxkenHi). AT-TIT Oynin HUXIMMM 4depe3
12 MicsiiiB, ane He yepe3 3 ta 6 MicaiiB. Cepen rpym, sKi
He OTPUMYBAJIM JIIKyBaHHSI JIEBOTUPOKCUHOM, TpyIa ce-
JIeHy Tokasasia 3HuxkeHHs1 piBHsa AT-TIIO uepe3 3 micsii
(v 3 mocnimkenHnsix, p < 0,0001), ane He yepe3 6 a6o 12 mi-
cauiB. Pisens AT-TT 3HMKyBaBcst yepe3 3 Micslli, aje He
yepe3 6 a060 12 MicsiiB. AKicTh m0Ka3iB 3arajom Gyia OLli-
HeHa sIK HU3bKa. ¥ TOM 3Xe 4yac yYaCHUKU JOCIiIKeHHS, sIKi
OTPUMYBAJIM CEJIeH, 3HAYHO YacTillle, HiX MpeAcTaBHUKU
KOHTPOJIIO, MOBigoMIIsLIN po nobiuHi epektu (p = 0,036).
[ToniGHi pe3yabTaT OTPHUMAaJIM i aBTOPU 1€ OJHOTO MeTa-
aHajizy 23 KIiHIYHUX AOCTiIKeHb, JOCTYITHUX Y CUCTEMax
Medline, Embase ta Cochrane Library [39]. Bonu takox
Big3HavaroTh 3HUXeHHS TUTPpY AT-TIIO B neBHi Mpomixk-
KU Yacy Ta BKa3yloTh Ha 3MeHIIIeHHs exoreHHocTi 1113 ue-
pe3 3, 6 Ta 12 MicsLiB.

[NapagokcaabHUMM y CBITJIi JaHUX KJIIHIYHMUX JOCIi-
JIKEHb Ta MeTaaHali3iB € pe3ybTaTh ONMUTYBaHHS iTalliii-
cbkux [4] Ta eBponeiicbKux JikapiB [9] 111010 3acTocyBaH-
Ha ceneny npu AIT. bausbko 75 % itamiiicbkux JikapiB
PO3YMiIOTh BiZICYTHICTh TOKA30BOi 6a3M y TaKoi OILlii, 011~
Hak 1ipu uboMmy noHan 80 % pecroHIeHTIB xoua O iHOmi
MpU3HAYaTh ceieH. BincyTHicTh mokasiB eeKTUBHOCTI
MepeKOHY€E He TMpU3HAYaTh cejieH MeHine Hix 20 % ira-
JIIMCHKUX JIiKapiB-€HIOKPUHOJIOTIB. 32 JaHUMU €BPOIIEii-
CbKOTO OMUTYBaHHS [9], y3araiai He MpU3HAYAIOTh CeJIeH
namienTam 3 AIT 31 % nikapiB. Cepen €éBponeiicbKUX eH-
JIOKPUHOJIOTIB Jiniie 01136K0 20 % BBaXaloTh, 1110 3aCTO-
CYBaHHSI CeJieHy Ma€ J0Ka30BYy 0a3y, OMHaK MPU3HAYAIOTh
ceJieH 6;m3bKo 65 %. J10BOJIi 4acTo celeH PeKOMEHIYIOTh i
115t anieHToK 3 AIT y cTaHi eyTupeosy, y TOMy YMCI TUX,
SIKi TJIaHYIOTh BariTHICTh a00 BxKe 3aBariTHiIM. Yacrora
npusHaueHsb csrae 40 %, a He npu3HavarTh cejieH 52 %
JlikapiB (8 % He manv BiAMOBIAL HAa 3aTTUTaHHS ). MOTUBOM
IIOAO0 MpU3HAYEeHHS cejieHy nauieHTtaMm 3 AIT GinblIicTh
JIiKapiB BKa3ylOTh Te, 1110 3HaYHa KiJbKiCTh XBOPUX aKTUB-
HO ILIIyKAa€ METOAM Teparlii aBToiMyHHOTo ypaxkeHHs 1113 ta
npodinakTuKy rinotupeosy. biansbko 50 % iikapiB y TaKUX
BUIIAIKaX BKa3yloTh MalliEHTaM Ha KOPUCTb 3aCTOCYBaHHSI
CeJieHY, 110 CYIIepEeYNUTh PeaJIbHOCTI i BUKIIMKAE BEJIMKi
CYMHiBHU y TipodecioHani3mi gikapiB. s BariTHUX Iaili-
€HTOK ITiJICTABOIO JIJIS TIPU3HAUEHHS CeJieHy JIikapi BKa-
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3yBaJIi MPOMIIAKTUKY MiCasmogoroBoro Tupeoinuty. 1lle
OIHUM BUTIpaBIaHHSAM U TIpU3HAYeHHS celleHy y 69 %
€BPOIEUCHKUX PECIIOHACHTIB Oys10 OaxkaHHs 3HU3UTU AT-
TIIO y naiui€eHTiB, SIKi HE OTPUMYIOTh JIeBOTUPOKCHUH. Cltif
HaroJIOCUTH, 110 BiAMOBIIHO M0 Cy4acHUX PeKOMEHIAlliil
TUTP aHTUTLI HE € LIJIbOBOIO TOYKOIO Teparii Ta B3araji
He ToTpeOye KOopeKllii i OLiHKKM B AuHaMmili. JloBosi yacto
iTaJiiiCbKi MEIMKU PEKOMEHIYIOTh CeJieH i JJIs1 Mali€HTiB
3 CYOKIIIHIYHMM TinmoTupeo3oMm. Ilpm mmpomMy Ha 4acToTy
Nnpu3HaueHb cyTTeBO BIUMBaEe piBeHb AT-TIIO. ¥V ma-
mieHTiB 3 migBumeHuM BmictoM AT-TIIO nBi TpetnHM
OINUTAHUX PECTIOHICHTIB 3aCTOCOBYIOThH cejieH (iHoi abo
4acTo/3aBXaK), i uiie 14,1 % HiKoJIM He PEKOMEHIYIOTh
BUKOPUCTOBYBATU MOro. Y MAI€HTIB i3 CyOKIIiHIYHUM Ti-
notupeo3oM Tta HopMmaibHUM piBHeM AT-TITO 6au3bko
TPETUHM PEeCIIOHICHTIB BUKOPUCTOBYIOTh ceJieH (iHomi abo
YacTo/3aBXAM), TOMi K 6Ju3bKo 50 % HiKOMW He peKo-
MeHayoTh oro (p < 0,01). YacToTa nmpu3HayeHb CEIeHY
He Bipi3HsIacs 3aJIeXKHO Bifl TOTO, OTPUMYBAJIM TaAlli€EH-
TU Teparlilo JeBOTUPOKCMHOM 4Hu Hi. YacTka JikapiB, sKi
BUKOPHMCTOBYIOTb JIIKyBaHHSI CEJIEHOM, € HAJI3BUYAITHO BU-
COKOIO Y CBIiTJIi BIICYyTHOCTI T0Ka3iB OyIb-sIKO1 KOPUCTI Bif
I00aBOK CeJieHy IpU CYyOKJIiHIiYHOMY TimoTupeo3si. €Bpo-
neiicbka Ta AMepuKaHChKa TUPEOIIHi acolliallii He peKo-
MEHIYIOTh 3aCTOCYBaHHs cejieHy mnauieHtaM 3 AlT, sBHUM
Ta CYOKJTIHIYHUM TilIOTHPEO30M.

XBopo6a [pensca
Ta op6itonaris pensca

JocTymHi gaHi 11010 PyTUHHOTO BUKOPUCTAHHS Cele-
Hy NpM JiKyBaHHiI xBopoou IpeiiBca (qudy3HOro TOKCHUY-
HOro 300a) 3a/JMIIAITLCSI HeogHO3HAaYHUMM. [imepTu-
peo3, 0cOOMBO SIKIIO MOTo HE JIiKyBaTH, TOB’sI3aHUI i3
30iIbIIEHHSIM KiIbKOX MapaMeTpiB OKHCHOTO CTpecy, a
KOHIIEHTpAIlisl ceJiecHy B CUPOBATIIi KPOBi, 32 TaHUMHU J0-
CJIIIKEHb, € HMXKYOI0 Y MAIliEHTIB i3 xBopoboto I[peiiBca,
HiX y KoHTposbHOI rpynu [40, 41]. Heski mocaimKeHHs
MoKaszaJii, 110 MalieHTU 3 aBTOIMYHHOIO opOiTomnariero,
HaBiTh IIPU €YTUPEO3i, MAIOTh BUILi MTOKA3HUKN OKHCHOTO
cTaTycy MOpiBHSHO 3 MallieHTaMu 3 XBopoboto [peiiBca 6e3
opbOiTomnarii. Lle Moxe po3LiHIOBaTUCS SIK CBiTYeHHS OiJib-
1101 POJTi 3aITaJIbHOTO aBTOIMYHHOTO IIpoliecy Oe3Imocepe-
HBO B 0pOiTi, HiXX TinepdyHKilii I3 B maroreHesi opoito-
naTii. TakMM YMHOM, HU3BKi PiBHI celeHy Ta aKTUBHOCTI
ceJIeHOIIpoTeiHy P IepeBaXkHO KOpPEIIOIOTh 3 HasIBHICTIO
opbiTomnarii, a He 3 xBopobolo I[peiiBca, ii TSXKKICTIO Ta ak-
TUBHICTIO [42, 43].

PaHgomizoBaHe 6-MicsiaHe TMOABiiiHE coime Tiare-
00-KOHTPOJIbOBAHE JOCIKEHHs 3a yyacTio 159 marieH-
TiB i3 JIerKoro opOitomnarieto [peiiBca 1Moa0 BIUIMBY CeJIeHY
(200 mMkr/moby) a6o nentokcudininy (1200 mr/moby) mo-
PIBHSIHO 3 TUIa1e00 MoKa3aso, 110 JIIKyBaHHS CEJIEHOM, ajie
He JIiKyBaHHS ITEHTOKCUDiJIIHOM OYJI0 TTOB’sI3aHO 3 MOKpa-
meHHsIM sKocTi XuTTs (p < 0,001), 3MEeHILIEHHSIM ypaXKeH-
Hst oueii (p = 0,01) Ta yroBiJIbHEHHSIM ITPOTrpeCcyBaHHSI Op-
oitomnarii (p = 0,01) [44]. [Toka3HUK KJIiHIYHOI aKTUBHOCTI
3HM3MBCS Y BCIiX rpyrax i3 3Ha4HO OiJIBIIIO0 3MiHOKO cepes
MAalieHTIB, sIKi OTpUMYBaJu JliKkyBaHHS cejeHoM. OnHaK y
LIbOMY JOCJIiIKEeHHI BiICyTHI TaHi 11010 3a0e3IIeYeHHST ce-
JICHOM Y MAali€HTIB IO Ta ITiciIsg IpuitoMy n1obaBok. Came

i JaHi Mo O BKa3aTH, YU BIUIMBAE Ae(IilIUT ceJieHy Ha
e(eKTUBHICTb Tepallii 3 J0laBaHHIM CeJIeHY, a OTXe, i BU-
3HAYUTHU JOUUIBHICTD ii TIpU3HaYeHHs. Pe3ynbsraTty 1boro
JMOCTIIKEHHST BKJIIOYEHI 10 peKOMeHaalliii €BponeiichbKol
TUPEOITHOI acouiallii, y SIKMX IPOIOHYIOTb 6-MiCIUHMIt
NnpuiioM 100aBOK CeJieHy y BUIAAKax JIETKOI opOiTorarii
IpeiiBca [45].

Pesynbratu metaaHanisy, skuii Bkiatodae 10 paHmgomi-
30BaHUX KJIIHIYHUX JOCIiIKeHb [46], BKa3yloTh Ha Te, 110
JIOIaBaHHSI CEJIEHYy MOXe TOCWIUTU BiIHOBJEHHS Oioxi-
MiYHOTO €YyTUPEO3Y, OJHAK JIOKA3U IIbOTO HE € TIEPEKOHIM -
BuMu. [lornubGneHunii aHali3 JTOBrOCTPOKOBUX KIiHIYHUX
MOKAa3HUKIB TeparneBTUYHOI e(PEKTUBHOCTI, TAKUX SIK TPU-
BaJIiCTb peMicii micJis1 TiKyBaHHSI aHTUTUPEOITHUMMU Tperna-
paramu, 3a3BUJail BiacyTHil. JlaHMX 11010 3MiHU Cyporar-
HUX MapKepiB — KOHLEHTpallil FOpPMOHIB 200 aBTOAHTHUTIJ
HEIOCTaTHbHO IS MMPOBEACHHS 00’ €KTUBHOI OLIIHKM e(eK-
TUBHOCTI TepareBTUYHOTO BTpydyaHHsl. Ha migcraBi omHOTO
TMOCJIIXKEHHSs, sIKe PO3LIHIOETHCS SIK TaKe, 1110 BiAMOBiAae
BUMOTaM, JIOJlaBaHHsI CeJIeHY PEKOMEH/I0BaHE BUKIIIOUHO
Mali€eHTaM 3 JIerKol opOiTomnaTierd KOPOTKOI TPUBAJIOCTI,
OCKIJIBKM 11€ MOX€ 3MEHIIUTH 3arajieHHs Ta CUMIITOMHU,
XapakTepHi JUIsl o4yeid, a TaKOX J0IOMara€e JIOCATTH I10-
MITHOTO TOKpPAIIeHHS SIKOCTi XUTTS MPU MEBHUX 3aXBO-
proBaHHSIX. BrimB 1o06aBoK cejieHy Ha MOMipHY Ta TSKKY
opGiTOMNAaTiIo MOKU 3aIUIIAEThCS HeBimoMuUM [46].

[Ipu onuTyBaHHI JIiKapiB IIOAO IIPU3HAYCHHS CEJICHY
nalieHTaMm i3 XxBopooOorw IpeiiBca pe3ysbraTu CYTTEBO 3a-
JIeXKaJlM Bin HasiBHOCTI opOitornarii. [1aieHTHi 3 XBopo6oio
IpeiiBca 6e3 odrasbmonaTii Teparnito aHTUTUPEOITHUMU
mnperaparamMy Mpu3HavYMIM O yci JiKapi, a ceJieH — JIuIle
6s13bK0 20 % pecrioHAeHTIB, ABi TPETUHM — He MpU3HAa-
qayu 6 Takoi Teparii. YKpail Hu3bKa yacTka jtikapis (1,9 %)
npu3Havaja 6 ctepoinu. [lamieHTHi 3 aKTUBHOIO OpOiTOMAa-
Ti€l0, sIKa XapaKTepU3y€EThCSl PETPAKIIi€EI0 BEPXHBOI TMOBi-
KU, XEMO30M Ta ITOMipHUM IBOCTOPOHHIM €K30(hTaIbMOM,
6inbine mosoBuHM (52,4 %) peciOHIEHTIB peKOMEHIyBaIK
AHTUTUPEOINHI MpernapaTy IUIIOC CTepoiau. Y TOul Xe Jac
26,9 % mnpurtyckae Tepariilo aHTUTUPEOITHUMM TIperapa-
TaMM TUTIOC CEJIEH i MEHIUICTh MpU3HAYa€e JIUIIEe aHTUTH-
peoinHi npenapatu. Koau BUMagoK 3MiHUBCS Ha TSXKKY
opOiTornarito, 10 XapaKTepU3YEThCSl CUIILHUM HaOpSKOM
MOBiK, XeMO30M Ta BUPA>KEHUM JBOCTOPOHHIM eK30(Tab-
MOM, TlepeBaxkHa OibIIicTh pecrioHaeHTIB (78,9 %) peko-
MEH/lyBaJla aHTUTUPEOIHI TTperapaTy ILTI0C CTePOiIn.

Cepen THUX, XTO IIPOMOHYE CeJeH IIPpU TilepTUPEO-
3i, 60 % 3actocoByBamu 6 mo3y 100—200 mxr, 21 % —
< 100 mkr/mo06y i 18,8 % — > 200 mkr/mn00y. LlikaBum € i
pPEKOMEHI0BaHa TPUBAJIICTh 3aCTOCYBaHHSI CeJIeHY: OJIU3b-
KO TIOJIOBUHM PECITOHJEHTIB PEKOMEHIyBaJIM O TPUIIOM
CeJieHy IIJIs MalliEHTa 3 PeMiCi€l0 TimepTUpeo3y MPOTIroM
18 micsis.

Takum yuHOM, 3a pe3yabTaTaMy iTaliiiCbKOro OIMUTY-
BaHHs, 26,9 % peKOMeHIyBaIu celJieH IS Tepartii opoiTo-
narii I[peiiBca jierkoro cTymneHs, 110, BiAMOBIIHO 10 YUH-
HUX peKOMEH/allill, MOXe PO3LiHIOBAaTUCS SIK MpaBUJIbHA
TakThKa. 21,5 % pecroHIEHTIB peKOMeHIyBaau 6 celeH
NI TallieHTIB i3 xBopobOolo IpeiiBca 6e3 opbiTomarii, a
5,4 % — nnsg TsKkKoi op6Gitonatii. TakuM 4YMHOM, JIMILE
OJIM3bKO OJHI€l YBEPTi PECIIOHAEHTIB IMPaBUJIbHO BUKO-
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PUCTOBYIOTH C€JIEH y BUIIaAKax XxBopoou [peiiBca 3 1erkoo
opbitorariero. ban3bKo MoI0BMHU NMpU3HAYEeHb OyIv He-
BUIIPAaBJaHUMHU, OCOOJMBO Yy BMIIAAKY PEMITOBAHOTO Ti-
IePTUPEO3y 3 HEAaKTUBHOIO OPOITOIIATIEIO.

BariTHiCTb

BariTHicTh € TUM cTaHOM, SIKMiT TTOTpeOye 0COOIMBOI
yBaru 3 ypaxyBaHHSIM MOXJIMBOTO BIUIMBY TpenapaTiB Ha
3I0pOB’sl MaTepi Ta pO3BUTOK ruiofa. KiHKMA pernpomyk-
TMBHOTO BiKY 3 BUCOKUM yMictoM AT-TIIO 3a3Buyait Ma-
[OTh MiIBUIIEHUI PU3UK TAKUX YCKJIaTHEHb, SIK O€3IUTi I,
BUKMJIHI Ta TiepeadacHi nojyioru [47, 48]. 3a HasIBHUMM J1a-
HUMHU, CeJIeH He Ma€ JOBEACHOI IepeBaru il MalieHTOK,
SIKi TUTAaHYIOTh BaTiTHICTh, MO0 BIUIMBY Ha ¢yHKIIiio 1113,
tutpiB AT-TTTO a6o koediuieHTa GepTUIBHOCTI.

OpHe IocCiIKeHHS TT0Ka3aJI0 CYTTEBE 3HMXKEHHS Tic-
nsimosioroBoi aucdyHkiii 13 mpu 3acTocyBaHHI celleHY
y no3i 200 MKr/mo0y 3 cepenuuu BaritHocTi [49]. docmi-
mxkeHHs1 SERENA (2019) npoaeMoHCTpyBaio, 1110 Mpuitom
M00aBOK CeJIeHY B 1031 83 MKTI/mo0y ITiJ yac BariTHOCTI Ta
TCJIST TIOJIOTiB HE CTAHOBMTH KOTHOTO PU3UKY, ajic Ma€
CIPUSITJMBUI BIJIMB HA TUTP aBTOAHTHUTIJI Ta HA PU3UK pe-
LUIWBY ITiCJISIIION0rOBOT0 THUpeoinuTy [50].

TMongiitHe ciire paHIOMi3oBaHe TUIAIIE00-KOHTPOJIbO-
BaHe IOCIIIKEHHS TMPOAEMOHCTPYBAO, IO JOAaBaHHS
ceneHy 60 MKr/mo0y BariTHUM XXiHKaM 3 JIeTKUM abo To-
MipHUM #oro aedilyMToM He BIUIMBA€ Ha KOHIEHTpALIil0
AT-TIIO, ane mae TeHaeHIio 3MiHoBaTy QyHKIio 3y
XKiHOK 3 BUcokum ymicrom AT-TITO [51].

Omny0iiKoBaHa CTaTTs, 110 OIMCYE IIPOCIEKTUBHE KO-
TOPTHE OCHTIKEeHHSI, SIKe BUBYAJIO 3B’SI30K MixX HU3BKOIO
KOHILICHTPALII€I0 CeJIeHY Ta TiMOTUPEO30M ITiJ] Yac BariTHO-
CTi, a TAKOXK 3B’ 130K MixXXK HU3bKOI0 (hyHKITieto 1113 matepi ta
PO3MipOM TUTUHU MPpY HapoakeHHi [52]. O6’ekraMu 1ocCTi-
JoKeHHsT Oys1a 1931 BaritHa kiHka 3 [laHxaio Ha 28—36-My
TUXXHI BariTHOCTi. ABTOpY BUMipIOBaJIM KOHIIEHTPAILIilO ce-
JIEHY B cupoBaTLi MaTepi, piBeHb TTT, a Takox Bary Ta 10B-
JKMHY HOBOHApOIKEHUX TTPY HapoIKeHHi. PiBeHb ceieHy B
CHpOBaTLi KpoBi MaTepi ctaHoBUB 136,9 47,9 mkr/n. Bara
i TOBXXKMHA HOBOHAPOIXKEHUX MPU HAPOIKEHHI CTAHOBUIN
3,4 +0,4krid49,9 £ 1,9 cm. CnioctepiraBcst 3HaUHUI 3B’sI-
30K MiX piBHEM ceJieHy B cupoBartili MmaTepi Ta piBHeM TTT
y rpymi nauieHTok 3 piBHeM cesieHy < 103,7 mkr/n. Koxhe
301JIbILIEHHST PiBHSI CEJIEHY KOPEIIOBAJIO 31 3HDKEHHSIM PiB-
Ha TTT Ha 0,014 MkMO/mi1. OnHaxk 1i€ei Kopesiii He OyJ1o,
KOJIM PiBHI ceJieHy B CUpOBaTIli cTaHOBWIM > 103,7 MKT/71.
Byno BusBI€HO 3HAUYIMIA 3BOPOTHUM 3B 130K MiXK piBHEM
TTT y matepi Ta Baroro AUTUHU TIPU HAPOKEeHHI. Pesyb-
TaTU BKa3ylOThb Ha Te, 1110 HU3bKA KOHIIEHTpAIlisl CeJeHy
y BariTHHUX XiHOK MOXe OyTH MOB’si3aHa 3 TilTOTUPEO30M,
SIKMIA MOKe OOYMOBUTH MEHIITY Bary IMpu Hapo/KeHHI y He-
MOBJISIT.

V nocnimkenHi [53] po3rsiHy/IM TiMoTe3y Mpo Te, 110
3HUXKEHHSI BMICTY CeJIeHY ITiJl Yac BariTHOCTi MOXe MOCH-
moBatuca y rmanieHTiB 3 AIT. CraTyc ceneHy BU3HAYaIN 3a
JIBOMa OioMapKepaMM: KOHIIEHTpAIliElo ceJieHy B CUpPOBa-
TIi KPOBi Ta aKTUBHICTIO celeHomnpoTeiny P. Pesyiabratu,
oTpuMaHi Biz 29 BariTHuX XiHOK 3 AlT, mopiBHIOBaM 3 pe-
3yJbTaTaMu €BpONeiiCbKOro MpoCneKTUBHOTO JOCIiIKEeH-
Hs paky Ta xapuyBanHs (EPIC). Konnenrparmii cereny ta

ceneHonpoteiny P y cupoBatiii Oyiu BiTHOCHO HU3BKUMU Y
iHok 31 CHIJIoM Ta 310poBUX 0Ci0O KOHTpOJIIO. Y Malli€eH-
tok 3i CHIHowm piBHi AT-TI" i AT-TIIO mig yac BaritTHO-
cti 3HmKyBanucs Ha 60 1 71 % BignosinHo, ajie Lie He OYJI0
MOB’SI3aHO 3 YMICTOM ceJieHy. YCKJIaJHEHb BariTHOCTI B
rpymi CHIJly a6o KoHTpoIbHUX Tpynax He 0yino. Takox Bu-
miptoBasi TTI' y HoBoHapoIkKeHUX, i pe3yJIbTaT! He MoKa-
3aJI1 CYTTEBUX 3MiH cepenHix piBHiB TTT y miTeit, Hapomxke-
Hux matepsmu i3 CHIlom (1,4 + 1,4 MMO/n), mopiBHSIHO
3 iTbMU, HAPOIKEHUMU MaTepsIMU 3 KOHTPOJbHOI IPyIu
(1,8 = 1,4 MMO/n). He OyJ10 )X0aHUX 3B’3KiB MiX piBHEM
TTI' y HoBOHapomKeHUX i KOHILIEHTpaIli€lo ceieHy abo ce-
JeHonpoTeiny Py cuposatii matepi [53].

BaxmBo Bin3HAYMTH, 1110 Y CBUHE, OBElb i BEJUKOI
poratoi Xxyno0u BHCOKE CIIOXWBAHHSI CEJIeHY MepeIiKo/-
JKa€ HOPMaJIbHOMY PO3BUTKY TUIOAA i TTPU3BOIUTH /10 Ba
po3BUTKY [54]. PanmomizoBaHe MoBiiiHe ciine ruiaie-
00-KOHTPOJILOBAHE JTOCIIIKEHHSI J100aBOK CeJeHY cepej
913 BlJI-iHdikoBaHUX BariTHUX XiHOK y TaH3aHii mipose-
MoOHCTpyBasio, 1m0 200 MKI CeJeHOMETIOHIHY HEeCYTTEBO
MiIBUIIYIOTh PU3UK 3arubeti riona [55]. Yepes BincyTHICTD
YiTKUX MepeBar y BUIMaaKax HassBHOCTiI 3MiH aBTOIMYHHUX
mapkepiB 1113 mim yac BariTHOCTI, a TaKOX 3 ypaXyBaHHSIM
MOTeHUIHHUX MOOIYHUX edeKTiB 700aBOK ceJeHy MOTOUHi
peKOMEH Il He CXBaTIOIOTh 1€ TiIKyBaHHS [56, 57].

3a pesyabraTaMu iTajiiicbKOro ONWTYBAHHS, Talli-
entkaM 3 AlT, gKi raaHylOTh BariTHiCTh a00 BXKe BariTHi,
6inpie 50 % pecroOHIEHTIB He PEKOMEHIYIOTh 3aCTOCY-
BaHHS cesieHy. Ante moHaa 40 % onmuTaHUX PEKOMEHAYIOTh
cesieH BariTHUM, Tnipuyomy 10 % mpusHavaoTh Oiblie
200 mkr/mo6y. Cepen TUX, XTO MPU3HAYAE CEJIEH, TPETUHA
JIiKapiB poOUTH 11 I1J1sd 3a100iraHHsI Mic/sII10J0rOBOMY TH-
peoinuty. YacTtoTa pru3HaYeHb CeJIEHY BariTHUM € I1IOKY-
I0YOI0 i BKa3ye Ha Te, 1110 Jlikapi MOBUHHI OyTH OiIbII pO3-
CYIJIMBHMU, TIPOITOHYI0UM cejieH XiHmi 3 AlT, ska rmranye
BariTHICTh 200 BXe BariTHa.

BucHoBkMu

SIK BUOHO 3 pe3yJbTaTiB KIIIHIYHUX JOCTIiIKEeHb Ta Me-
TaaHaJi3iB, y OLIbIIOCTI BUITAAKIB HEMA€E HisIKUX ITiICTaB
TFOBOPUTHU MTPO MOXJIMBY KOPUCTb 3aCTOCYBAaHHS Tpernapa-
TiB ceJieHy Ipu Oinbiocti BUmiB narosorii 3. €xnHoo
XBOPOOO10, MPH $SIKili 3CTOCYBaHHS CeJIEHY BOAYa€ThCS BU-
IpaBoaHUM, € Jierka hopMa opbiTomnarii [peiiBca.

V3arajni nokasoBa 0a3a 11010 e(heKTUBHOCTI CEJICHY €
JIOBOJIi CJ1a0KOI0, 3HAYHA 4YacTKa AOCIIIKeHb 0a3yloThCs
Ha MaJliil KiTbKOCTi CrTOCTepeXeHb (Y NeIKUX poOOTax Kislb-
KiCTb MauieHTiB B rpyni craHoBuiaa 7—20 oci6). Baxinsum
HEBMBUECHUM MUTAHHSM 3aJIMIIAETHCS OIliHKA CTATYyCy Je-
diunty ceneHy. Y pi3HUX JOCTIIKEHHSIX OedilUT celeHy
PO3LIHIOETHCS MO-Pi3HOMY: 30KpeMa, AePilluT celeHy MO-
JKyTh BU3HAUaTH TIpU oro piBHI HUXue K 70 MK/, Tak
i 90 MKr/n. Y 3HauHill YacTUHi JOCTiIKeHb PO AediluT
ceJieHy TOBOpsITh, 0a3ylounMch HE Ha HOTro abCOTIOTHOMY
ncbpoBOMY 3HAUEHHI, a Ha MOPiBHSIHHI MAIliEHTIB 3 MaTo-
noriero 113 ta rpynu koHtpomio. [Ipu upomy Ha medinut
ceJieHy aBTOpM TyOJiKalliii MOXyTh BKa3yBaTW TIPU KMOTO
piBHi moHax 100 MKr/J, 110 He € NpaBUIbHUM. [0 TOTO
K BaXJIMBUM € aJeKBaTHE HAIXOMKEHHS CeJIeHy B opra-
Hi3M — HOro nepeao3yBaHHS MOXE MaTH HE MEHII Hera-

50 Mib>KHOPOAHUIN EHAOKPUHOAOTIHHUIN XKYPHAA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 18, N2 2, 2022



[ &)

Orasa Aiteparypm / Literature Review

THUBHI HacJigKM, HiX HecTaya. PekomeHmoBaHa n000Ba
HOpMa CITOXXMBaHHS CeJIeHY IIJIsi HOpMaibHOI (DYHKIIIT ce-
JIEHOIIPOTETHY 3HAXOAUTHCS Y JOBOJI By3bKOMY [iala3oHi i
CcTaHOBUTH Bix 55 mo 70 MKT. 3acTocyBaHHS IIPU MATOJIOTI1
113 mpemapartis 3 BMicToMm 200 MKT BOa4a€ThCS B3arajli He-
BUIIPABJAHUM 3 OIJISIAY Ha MOXJIMBUI HETaTUBHUI BILIUB
nepeao3yBaHHs. BapTo TakoxX MiIKpecJauTu MpaBUIbHUMI
0OajaHC MiX MiKpoeJdeMeHTaMu, 110 JofaloThcs. Hampu-
KJam, OyJo TPOJEMOHCTPOBAHO, 1110 HAJAMipHE MOIaBaH-
HSI CeJIEHy MOXe TMOCWJIMTU HacHinku nediuuty Homy B
€HAEMIYHUX perioHax, TOAi SIK IpaBUJIbHE HOro BBEICH-
HS Y JOCJIIKyBaHUX TBAPUH MOXE MOJICTIIIUTU HACIiIKK
HaJUIMIIKY Moy, 3armobiraloun AeCTpyKTUBHO-3anaJlbHUM
npouecam y 113 [58].

3arajoM Xe IaHMX IIOA0 3aCTOCYBaHHS MpernapaTiB
ceneny 1pu nartosorii 1113 Ha cboromHi HeAOCTaTHBO, 1100
TOBOPUTH TIPO 1OTO MOXKJIMBY KOpUCTh. HaToMicTh cKopi-
111e OTPiOHO TOBOPUTU MPO BiACYTHICTh MOLIIBHOCTI da-
HOTO BTPY4YaHHSI, 32 BUKJTIOUEHHSIM JIeTKoi (hopMu opOiTo-
natii IpeitBca. Bucokuii BiicoToK npu3HaYeHb MpernapariB
CeJIeHy JiKapsIMU-eHIOKpUHOJoraMu Impu marosiorii 1113
MiAKPEeCII0€ HEOOXiAHICTh MOMIIIIEHHS IKOCTi 10- Ta Iic-
JISAUTLIOMHOI OCBITU 3 METOIO YiTKOTO CJIidyBaHHS Ccydac-
HUM peKOMEHAIlisIM Ta 3aIto0iraHHsI HeOOIpyHTOBaHOMY
MpU3HAYEHHIO Hee(eKTUBHUX 3aCO0iB.

Kondutikr inTepecis. ABTOpU 3asiBJSIOTh MPO BiACYT-
HiCcTh KOHQJIIKTY iHTepeciB Ta BjlacHOI (hiHAaHCOBOI 3alli-
KaBJICHOCTI ITPY MiATOTOBI JaHOI CTATTi.
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Selenium supplements:
is it advisable to use them in freatment
of pathology of the thyroid gland?

Abstract. The article is a review of the literature in Scopus, Web of
Science, MedLine and The Cochrane Library and is devoted to the
analysis of the evidence base of the use of selenium supplements for
the treatment of thyroid pathology. Despite the variety of thyroid
pathology: changes in size and structure, hypo- and hyperfunc-
tion, autoimmune, oncopathology, there are not so many drugs
used in its medical treatment. Drugs that are justified for various
thyroid pathologies include iodine, levothyroxine and, to some
extent, triiodothyronine, thyrostatics (methimazole, carbimazole,
propylthiouracil), radioactive iodine and glucocorticoids, such as
beta-blockers. Acute thyroiditis requires the appointment of anti-
bacterial therapy, and oncopathology — specific chemotherapeu-
tic agents, the effectiveness of which, unfortunately, is not high,
and the frequency of appointment is significant. Along with these
drugs, selenium drugs have become unprecedented in the last de-
cade in thyroid pathology as a component of possible pathogenetic
therapy. These drugs are prescribed to patients with diametrically
opposed functional state of the thyroid gland, autoimmune patho-
logy, nodules. It appears that thyroid carcinogenesis remains the
only pathology where the use of selenium drugs is not recommen-

ded, although there are studies that indicate a link between thyroid
cancer and selenium deficiency. The results of clinical studies and
meta-analyzes are provided through the prism of a survey of Italian
and European endocrinologists on the appointment of selenium
drugs for the treatment of relevant thyroid pathology. The lack of
evidence base for the use of selenium in most types of pathology
of the thyroid gland: autoimmune thyroiditis, overt and subclini-
cal hypothyroidism, Graves’ disease. According to most studies,
the supplementation of selenium to therapy increases its plasma
level, affects the activity of selenoproteins and level of antithyroid
antibodies, but in no way affects the main clinical parameters such
as thyroid hormones, levothyroxine dose, clinical symptoms. In
general, the use of selenium in thyroid pathology cannot be con-
sidered appropriate, except for a mild form of Graves’ orbitopa-
thy. Significant differences in the data of clinical trials and recom-
mendations of thyroid societies with a real frequency of selenium
administration by practitioner for the treatment and prevention of
thyroid pathology are indicated.

Keywords: review; selenium; thyroid pathology; autoimmune
thyroiditis; Graves’ orbitopathy
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Hypercortisolism on the background
of recovery of COVID-19
(case report)

Abstract. Damage to the lung tissue is a predominant complication of the viral disease COVID-19. Recently,
there have been complications from other organs, including highly vascularized endocrine glands. Regarding the
adrenal glands, there are reports of their damage with a decrease in their function. Changing the function of the
adrenal glands (AG) in patients with or after COVID-19 is important. A few adrenal autopsy studies in patients
have revealed vascular thrombosis, cortical lipid degeneration, ischemic necrosis, parenchymal infarcts, and other
lesions leading to a decrease in AG function. The central mechanism of adrenal dysfunction through hemorrhage
and necrosis of the pituitary gland is also possible. This paper presents a rare case of the development of hyper-
cortisolism in a young woman after recovering from COVID-19. Based on high ACTH levels (157 and 122 pg/ml), a
negative nocturnal dexamethasone test, and high 24-hour urinary free (daily) cortisol excretion rates, we tentatively
suspected Cushing’s disease. Chromogranin A was within the normal range of 21.35 (reference value < 100).
Other tests showed an elevated dihydrotestosterone level of 780.6 pg/ml (reference values 24-368 pg/ml). The
levels of other anterior pituitary hormones tested were within the normal range. According to clinical guidelines,
the drug of choice for the short-term treatment of this disease is steroidogenesis inhibitors — ketoconazole. The
effectiveness of such a treatment regimen was previously brought to light by others. In our case, ketoconazole
was prescribed at a dose of 400 mg 2 times a day and cabergoline (dostinex) at an initial dose of 1 mg per day.
Given the low levels of vitamin D in the blood serum, it was recommended to continue taking vitamin D at a dose of
4000 IU per day. It was recommended to control blood laboratory parameters — serum cortisol, ACTH, AST, ALT,
electrolytes, 25(0OH)D, blood glucose level after 2 months and decide on further tactics for managing the patient.
Keywords: Cushing’s syndrome; hypercortisolism; COVID-19; treatment; case report

Abbrevations

ACTH — adrenocorticotropic hormone; CS — Cus-
hing’s syndrome; AG — adrenal glands; PCR-test — Poly-
merase Chain Reaction; ODT — overnight dexamethasone
test; AST — aspartate aminotransferase; ALT — alanine
aminotransferase; 25-(OH)D — vitamin D.

Introduction

The COVID-19 pandemic continues. To date, about
330 million people have been infected with COVID and
5.5 million have died in the world. Millions of new cases

registered every day [1]. The main consequence of the di-
sease is acute respiratory syndrome with the development
of pneumonia and complications from the cardiovascular
system, kidneys and other organs and tissues including
vasculitis, arteriolar and venous thrombosis, hypoxic cell
injury, subsequent immune response and cytokine storm
[2, 3]. This effect can manifest itself in highly vasculari-
zed organs, including endocrine glands. The attention of
specialists directs to the study and treatment of diabetes
mellitus and thyroid diseases. Diabetes is an important
risk factor for poor prognosis of COVID-19 disease and
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mortality [4, 5]. Damage to the thyroid gland complicates
the disease with its insufficiency or hyperfunction [6—8].
A significant place in the treatment of COVID-19 belongs
to glucocorticoids [9—11].

Therefore, changing the function of the adrenal glands
(AG) in patients with or after COVID-19 is important.
A few adrenal autopsy studies in patients have revealed
vascular thrombosis, cortical lipid degeneration, ischemic
necrosis, parenchymal infarcts, and other lesions leading
to a decrease in AG function [12—15]. The central mecha-
nism of adrenal dysfunction through hemorrhage and ne-
crosis of the pituitary gland is also possible [12, 16]. The
main manifestation of the opposite state of “hypercorti-
solism” is Cushing’s syndrome (CS). The prevalence of
CS is about 40 cases per million, and the estimated inci-
dence is 0.7—2.4 cases per million per year [17]. Reports of
COVID-19 infection in patients with CS are rare, and the
treatment of such patients needs a special approach [18].
An analysis of the literature available to us over the past
two years has shown that there is no description of cases
of the occurrence of endogenous hypercortisolism against
the background of coronavirus disease. In this publication,
we present a description of a patient who first developed
ACTH-dependent hypercortisolism after recovering from
mild COVID-19.

Case description

The female T., European race, unmarried, age 22 years,
height 162 cm, weight 80 kg, first applied to the consul-
tative polyclinic of the institute for the study of endocri-
nologist with complaints of weight gain (approximately
20 kg) over the past 8 months. There were also complaints
of recurrent headaches, general weakness, fatigue, rises
in blood pressure (BP), the presence of stretch marks in
the anterior wall of the abdomen, hips, chest, menstrual
irregularities (like oligomenorrhea), a feeling of internal
discomfort, anxiety, shortness of breath with little exertion.
From the anamnesis of the disease, it is known that at the
end of February 2021, the patient lost her sense of smell,
subfebrile body temperature (37—37.5), general weakness
appeared. The family doctor examined the patient at the
place of residence. PCR-test was positive, confirming
SARS-CoV-2. She treated on an outpatient basis, as the
disease proceeded in a mild form. A month after the ap-
pearance, she noticed the appearance of single purple
furrows on the skin of the abdomen, on the surface of the
inner thighs, she began to gain weight sharply, headaches
and shortness of breath appeared during physical exertion.
When used by an endocrinologist, an elevated serum corti-
sol of 26.4 pg/dl (4.3—22.4) was detected, and ACTH levels
were within the reference values. Before contacting the in-
stitute’s polyclinic, the patient consulted doctors of various
specialties who diagnosed hypercortisolinemia against the
background of diencephalic dysfunction. The patient took
antihypertensive, antidiuretic drugs, as well as drugs that
improve cerebral circulation. The general condition con-
tinued to deteriorate, weight increased, menstrual irregu-
larities appeared, appearance changed (the face became
pufty, edematous), trophic manifestations on the skin of
the abdomen, shoulders, chest progressed, muscle weak-

ness increased. In view of which, patient was referred to
the clinic of the Institute of Endocrinology for diagnosis.

When studying the anamnesis, it became known that
both parents were Ukrainians by nationality, the marriage
was not consanguineous. Pedigree is not burdened. She is
the second child in the family. The mother’s pregnancy pro-
ceeded without any peculiarities and ended in natural de-
livery. Birth weight — 4200 g, height — 54 cm, see Apgar
score — 7/9 points.

The patient denied of taking any preparations contai-
ning glucocorticoids, illegal drug use. Heredity for endo-
crine diseases is not burdened. There was no allergic reac-
tion to medication.

Clinically, the patient had Cushingoid facial features,
abdominal obesity with significant thinning of the lower ex-
tremities with severe proximal myopathy. On the front sur-
face of the abdomen, the inner surface of the shoulders, the
hips are wide (more than 4 cm) crimson-red, purple stripes
of stretching (furrows) (fig. 1).

The described changes were accompanied by an increase
in blood pressure up to 150/110 mm Hg, and body mass in-
dex (BMI) up to 30.5 kg/m?.

General blood analysis revealed no abnormalities in the
content of basic elements. Alanine aminotransferase and as-
partate aminotransferase contents were elevated to 60 and
56 U/1 with reference values (4—41) and (4—37), respective-
ly. This indicated impaired liver function. There was also a
reduced content of hydroxyvitamin D, — 24.8 nmol/l, with
the required norm of > 75 nmol/l. According to the results
of glycosylated hemoglobin, there were no violations of car-
bohydrate metabolism (table 1).

As can be seen from the table 2, an increase in the ba-
sal level of ACTH 157.0 pg/ml attracts attention (the norm
is 7.2—63.30 pg/ml). All repeat ACTH measurements were
elevated (111 pg/ml, 122 pg/ml, respectively). The basal
serum cortisol level was 96.14 pg/dl (morning 7 to 9 am:

Figure 1. Abdominal obesity with purple furrows
(more than 4 cm wide) above the abdomen
and thighs (photo taken by the patient 3 months
after recovery from SARS-CoV-2)
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4.3—22.4). The patient’s primary (overnight) test to confirm
the presence of endogenous hypercorticism (this is a sup-
pression test of 1 mg dexamethasone, i.e. 2 tablets of 0.5 mg
dexamethasone) was negative in the patient. We applied 2
tablets of dexamethasone 0.5 mg each, the suppression of se-
rum cortisol levels did not occur properly. The pre-test blood
cortisol level was 96.14 mcg/dl, and after 2 dexamethasone
tablets taken at 23:00 hours, the blood cortisol level was 50.0
and 78,1 mcg/dl (reference values — 4,3—22.4 mcg/dl). Ini-
tial studies showed that 24-hour free urine cortisol was more
than 716 mcg, which is 2 times the reference values. High
levels of free blood cortisol persisted at the second and third
studies (511 and 619 mcg/24 hours), respectively.

Based on high ACTH levels (157—111 and 122 pg/ml,
respectively), a negative nocturnal dexamethasone test, and
high 24-hour urinary free (daily) cortisol excretion rates,
we tentatively suspected Cushing’s disease. Chromogranin
A was within the normal range of 21.35 (reference value
< 100). Other tests showed an elevated dihydrotestosterone

level of 780.6 pg/ml (reference values 24—368 pg/ml). The
levels of other anterior pituitary hormones tested were with-
in the normal range.

The patient’s visit to the Institute of Endocrinology co-
incided with another lockdown due to the global coronavi-
rus pandemic, due to which the work of specialized hospitals
was suspended or extremely limited, and the patient was not
hospitalized.

According to clinical guidelines, the drug of choice for
the short-term treatment of this disease is steroidogenesis
inhibitors — ketoconazole [20]. The effectiveness of such a
treatment regimen was previously brought to light by others.
In our case, ketoconazole was prescribed at a dose of 400 mg
2 times a day and cabergoline (dostinex) at an initial dose of
1 mg per day. Given the low levels of vitamin D in the blood
serum (table 1), it was recommended to continue taking vi-
tamin D at a dose of 4000 1U per day. It was recommended
to control blood laboratory parameters — serum cortisol,
ACTH, AST, ALT, electrolytes, 25(OH)D, blood glucose

Table 1. The results of a biochemical blood test in the dynamics of observation

L Examination date Reference
Laboratory indicators 23.11.21 14.12.21 29.12.21 values
Potassium (mmol/l) 4.3 4.2 3.6 3.5-5.5
Sodium (mmol/l) 140 138 136 132-146
Chlorine (mmol/l) 100 98 102 99-109
Calcium total (mmol/l) 2.1 2.4 2.31 2.18-2.6
Glucose (mmol/l) 5.5 5.28 5.36 4.1-6.0
Creatinine (umol/l) 88 92 74 61-108
Magnesium (mmol/l) 0.5 0.52 0.58 0.53-1.11
Total protein (g/l) 76 78 - 57-82
Total bilirubin (umol/l) 10.9 20.4 11.9 5.0-21.0
Alkaline Phosphatase (U/l) 81 - - 40-129
Alanine aminotransferase (ALT) (U/l) 60 - - 40-41
Aspartate aminotransferase (AST) (U/l) 56 - - 4-37
Glycated hemoglobin (HbA1c) (%) 5.8 - - 4.8-5.9
25(OH)D (nmol/l) 24.8 - - >75.0

Table 2. The results of the study of the content of hormones in the blood in the dynamics of observation

Examination date
Laboratory indicators Refelrence
23.11.21 14.12.21 29.12.21 values

Chromogranin A (mg/l) 21.35 - - <100
Prolactin (ng/ml) 2.8 11.6 3.6 21177
Dehydrotestosterone (pg/ml) 780.6 - - 24-368
Thyrotropin (uU/ml) 3.57 - 3.6 0.4-4.0
Free testosterone (pmol/l) 2.6 - - 1.39-24.6
ACTH (pg/ml) 157 111 122 7.20 am: 63.30
Salivary cortisol in the evening 23 hours 20-22 pm: < 0.99
(ng/ml) 5.16 2.46 2.08 2224 pm: < 1.41
Free 24-hour urine cortisol
(mcg/24 hours) 716 511 619 58-403
Dexamethasone overnight test 1 mg 96.14 before 50.0 after 78.1 after .
(Cortisol (serum), mcg/dl) the test the test the test 7-9am: 4.3-224

56 Mib>KHOPOAHUIN EHAOKPUHOAOTIHHUIN XKYPHAA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 18, N2 2, 2022



[ &)

KaiHiyHmm BUnaaok / Clinical Case

level after 2 months and decide on further tactics for mana-
ging the patient.

Discussion

CS can be exogenous as a result of chronic corticosteroid
use or endogenous due to overproduction of cortisol by the
adrenal glands. In our case, with coronavirus disease, the
patient did not take corticosteroids. In about 80 % of cases,
endogenous CS is caused by overstimulation of the adrenal
glands due to abnormally elevated levels of ACTH, due to
an ACTH-secreting pituitary tumor (Cushing’s disease) or
an extrapituitary ACTH-secreting tumor (ectopic ACTH).
Difficulties in identifying the primary focus of ACTH hy-
persecretion may be due to its small size, the absence or
non-specificity of the clinical picture from the primary focus,
and early metastasis in the case of malignant tumors. In addi-
tion, the clinical manifestations of hypercorticism can also be
considered as independent nosological forms, which creates
certain difficulties at the stages of early diagnosis and timely
treatment of ACTH-dependent hypercorticism. In our case,
the content of ACTH in the blood was significantly increased.
However, magnetic resonance imaging of the pituitary showed
no obvious adenoma. Multislice computed tomography of
the neck, chest and abdominal organs, retroperitoneal space
did not reveal an extrapituitary ectopic tumor.

In about 20 % of cases, CS is associated with autono-
mous, unregulated adrenal cortisol secretion [21, 22]. The
condition of the patient we observed was characterized by
the presence of a detailed clinical picture of hypercorti-
solism (burgundy striae, ”bruises“ on the skin, rounding and
reddening of the face against the background of weight gain,
muscle weakness, increased blood pressure) in the absence
of a source of ACTH-ectopia, despite a thorough diagnos-
tic search. Elevated levels of ACTH in the blood during fol-
low-up, as well as negative ODT with 1 mg of dexametha-
sone, high levels of cortisol in daily urine and saliva in the
evening, indicated ACTH-dependent Cushing’s syndrome.
This case shows that the diagnosis of ACTH-dependent hy-
percortisolism, the search for the primary focus, even with
the use of modern imaging diagnostic methods, present
considerable difficulties and require long-term follow-up
and further topical search. Clinical observations by other in-
vestigators suggest that the hypothalamic-pituitary-adrenal
(HPA) axis appears to be directly involved in SARS-CoV or
indirectly due to virus-induced hypophysitis [23].

Medical therapy during the COVID-19 pandemic may
represent an interesting and effective approach for patients
with CS, as it can rapidly lower circulating cortisol levels
and therefore improve clinical comorbidities with a poten-
tial impact on the course of COVID-19 infection. In our
case, we were treated with ketoconazole (a powerful inhibi-
tor of steroidogenesis 400 mg twice a day, and with carbe-
goline (dostinex), which is a D2-receptor agonist, and also
continued monitoring of the disease progression. Both drugs
are present on the Ukrainian market.

Conclusions

COVID-19 can cause damage in the pituitary-adrenal
system with the onset of Cushing’s syndrome and requires
careful approaches for diagnosis and treatment.
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FinepkopTMUU3M HA TAI peabiAitauii nicaa COVID-19
(KAIHIYHMI BUNOAOK)

Pe3iome. VpaxeHHs JjiereHeBOI TKAHWHU HAJIEXWUTH IO Iepe-
BaXXHUX YCKJIaIHEHb BipycHoro 3axBopioBaHHs COVID-19. Ta-
KOXX OIMMCaHi YCKJIaAHEHHS 3 OOKY iHIIMX OpraHiB, y TOMY YMCJIi
3 00Ky €HIOKPMHHMX 3aj103. [1oBimoMJseTbesl Mpo ypaxkeHHs
HaJHUPKOBUX 3103 3i 3HMXKEHHsIM X dyHkuii Ha T1i COVID-19.
JlekinbKa MOCTiKeHb aBTOIICil HAAHUPKOBUX 3aJ103 y MAIli€HTIB
BUSIBWIM CYOIWHHUN TpoMO0O03, JiIiIHY AereHepalilo KOPKOBOTO
mapy, ileMiyHUi HeKpo3, MapeHXiMaTo3Hi iHhapKTH Ta iHIIi
YpaxKeHHSI, 110 MPU3BOASTH 10 3HUKEHHS (DYHKILIT HATHUPKOBHUX
3a103. TakoX MOXIIMBUI LEHTPaTbHUI MeXaHi3M AUCOYHKIIiT
HaJHUPKOBUX 3aJ103 YHAC/IZOK KPOBOBWJIMBY Ta HEKPO3Y Tillo-
¢iza. Y crarTi mogaHo PiAKiCHUIA BUITaJ0K PO3BUTKY TillepKOp-
TULIM3MY Y MOJIOJO1 XKiHKH Tricyis oxyxaHHs Bin COVID-19. 3pa-
karouu Ha Bucokwuii piBenb AKTT (1571 122 rir/mut), HeraTUBHUIA
HIYHMI TeKcaMeTa30HOBUIA TeCTy i BUCOKI 24-TOAMHHI MOKAa3HU-
KU €KCKpellil BUTbHOro (J1000BOro) KOPTU30Jy 3 ceuelo, aBTopu
rnorepeaHbo  3anigo3puwin xBopody KyuimHra. XpomorpaHiH
A 0yB y mexax Hopmu — 21,35 (pedepentre 3HaueHHs < 100).

IHIi TecTM MoKa3aiM MiABUIIEHUI PiBEHb TUTIIPOTECTOCTEPO-
Hy — 780,6 rir/mi (pedepeHTHi 3HaueHHsT 24—368 nir/mi). PiBHi
iHIIMX TOCTiIXKEeHUX TOPMOHIB MePeIHbOI YaCTKM Tinmodiza Oyau
B MexaxX HOPMHU. 3riIHO 3 KJIIIHIYHUMHU peKOMEHIallisIMU, Tpera-
paToM BHOOPY IJIsI KOPOTKOYACHOTO JIIKyBaHHSI 1IbOTO 3aXBOPIO-
BaHHS € iHTiOiTOpM cTepoimoreHe3dy — KeTOKOHa30J. EdekTun-
HIiCTb TaKoi CXeMM JIiKyBaHHsI paHillle Oyja JoBedeHa iHIIUMU
NOCTiIHUKAMU. Y HAlIOMY BUITAJKY MPU3HAYAIM KETOKOHA30J Y
1103i 400 Mr 2 pa3u Ha 100y Ta KabeproJiiH (JIOCTUHEKC) y royart-
KOBIii1 103i 1 Mr Ha 100Y. 3BaXkaloun Ha HU3bKUI PiBeHb BiTaMiHy
D y cupoBatiii KpoBi, peKOMEHIOBAHO MPOJOBXYBATU MPUHOM
Bitaminy Dy 103i 4000 MO Ha n00y. PekomeHnmoBaHo yepe3 2 Mi-
CsI1li KOHTPOJTIOBATH JJAOOPAaTOPHi MOKAa3HUKK KPOBi — KOPTU3OJ
cupoBatku, AKTT, ACT, AJIT, enexrponitu, 25(OH)D, piBeHn
[JIIOKO3W B KPOBi Ta BU3HAYMTUCS 3 MOAAJBIIO TAKTUKOIO Be-
TIEHHS XBOPOI.

KmouoBi caoBa: cungpom  Kymmnra,
COVID-19, nikyBaHHS, KJIIHIYHWIT BUTIAJIOK

TiNepKOPTULIM3M,
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