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Pe3siome

MoBuweHuam uHmepec B obracmma Ha eHgo-
KaHabuHougume npe3 nocaegHume 2oguHu goBege go
nopeguua om u3caegBaHus, ¢ KOUMO nNo3HaHUAMa Hu
OMHOCHO Ma3u MYAMUCYHKUUOHAAHA XOMEOCMamuy-
Ha cucmema ce oboeamuxa. EHgokaHabuHougume ca
6uoakmuBHu AuzaHgu, yyacmBawu B mHoxxecmBo du-
3UOAO2UYHU U NAamOU3UOAO2UHHU Npouecu B voBew-
KOMO MAAO, Kamo Hal-3Havuma 8 eHgoKpuHoAO2UYHamMa
obracm e poaama um B8 mogysauuama Ha eHepaulHama
obmaHa u 2Atoko3Hama xomeocmasa. ToBa 6e u npuvu-
Hama 3a cb3gaBaremo Ha nbpBua eHgokaHabuHoug-pe-
UenNMopeH aHMaz2oHUCM 3a AeyeHue Ha 3amAabcmaBaHe-
mo - pumoHabaHm, KOUMO NoKa3a 3HaYUMEAHU NOA3U
6 KOHMpPOAa Ha MeAaecHomo meaao, a ¢ moBa u B8 Kon-
MpoAa Ha 2AUKEMUAMA U gucAunugemuama. AONMbAHU-
meAHo HapacmBawume u3zcaegBatua cpeg >xuBomHu
u xopa gage nomBupykgeHue Ha moBa, ye eHgokaHabu-
HougHama cucmema uzpae BaxkHa poas 6 KoHmpoaa Ha
penpogykmuBHama dyHkyua npu gbama noaa, Kakmo
Ha UeHMpPaAHO, Maka u Ha nepudgepHo HuBo. EHgokaHa-
6uHougume yuacmBam B peguua npouecu 6 >keHckama
penpogykmuBHa cucmema, BkaouBawu oAukyro2e-
He3a, oByaauus, 3peeHe Ha oBouuma, umnaaHmauus u
noggbpykaHe Ha paHHama GpemeHHocm. Mpegu noBeuve
om 10 20guHu ce 3apaxkga u Xunomesama 3a poAama Ha
eHgokaHabuHougume B namozeHe3ama Ha CUHgpOMa Ha
NOAUKUCMO3HU AluHUUU. AHeC eHgokaHabuHougume ce
Bb3npuemam Kamo nomeHuuaAHU Guomapkepu 3a UH-
hepmuAumem NPU Mb>Ka U XKeHama.

Abstract

Endocannabinoids have gained serious interest
in recent years, and this has led to an accumulation
of quality research data enhancing our knowledge of
this multifunctional homeostatic system. Endocanna-
binoids are bioactive ligands involved in many physi-
ological and pathophysiological processes in the hu-
man body. Their probably most important role in the
field of endocrinology is to modulate energy metabo-
lism and glucose homeostasis. This was the cause for
development of the first endocannabinoid-receptor
antagonist for the treatment of obesity, rimonabant,
which has shown significant benefits in controlling
body weight and thus in controlling glycemia and
dyslipidemia. Furthermore, the increasing number
of studies in animals and humans confirmed that the
endocannabinoid system plays an important role in
controlling reproductive function in both sexes, at
both central and peripheral levels. Endocannabinoids
are involved in a number of processes in the female
reproductive system, including folliculogenesis, ovu-
lation, oocyte maturation, implantation, and mainte-
nance of early pregnancy. More than 10 years ago,
the hypothesis for the role of endocannabinoids in
the pathogenesis of polycystic ovary syndrome was
born. Endocannabinoids are nowadays perceived as
potential biomarkers of infertility in men and women.

The aim of the review is to briefly summarize the
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KabakyueBa, MrameHa 1. n coTpyaHULN

O630pbM uma 3a ueA ga 0606wuU HampynaHume
no3HaHus 8 obracmma Ha eHgokaHabuHougume, yuac-
muemo um 6 MmemaboAuMHUA KOHMPOA U 2AOKO3Hama
XOMeoCmasa, kakmo U ga aHaAu3upa u cucmemamusupa
HampynaHume go MOMEeHmMa AumepamypHU gaHHU om-
HOCHO yyacmuemo Ha eHgokaHabuHougHama cucmema
8 >xeHckama penpogykmuBHa cucmema u 8 yacmHocm
NpU CUHgPOMA Ha NOAUKUCMO3HU ATYHUUUL

KawoyoBu gymu:

existing knowledge in the field of endocannabi-
noids, their involvement in metabolic control and
glucose homeostasis, as well as to analyze and sys-
tematize the literature accumulated to date on the
involvement of the endocannabinoid system in the
female reproductive system and in particular the
polycystic ovary syndrome.

Key words:

€HgoKaHabUuHOUgHa CuCmema; AeYeHUe Ha 3amAbCms
BaHe; KOHMPOA Ha 2AUKEMUS; XKeHcKa penpogykmuBHa
cuCMeMma; CUHgPOM HA NOAUKUCMO3HU AUOYHUUU; UHCep-
muAumem

endocannabinoid system; treatment of obesity; glyce-
mia control; female reproduction; polycystic ovary syn-
drome; infertility

BvBegeHue

MHmepecbm kbm kaHabuHougume gamupa om cpe-
gama Ha muHaAusa Bek, koeamo npe3 1960 2. ce uzoaupa
akmuBHomo BewecmBo Ha kaHabuca (Cannabis sativa)
- A9-mempaxugpokaHabuHoa (1). Tol e opekcuzeHeH
dpakmop, ocbwecmBaBaw, edekmume cu nocpeg-
cmBom cBup3Bare cbc CB1 peuenmop (CB1R) u CB2
peuenmop (CB2R) - gBa G-npomeun cBbp3aHu peuen-
mopu. Caeg ycmaroBaBaHemo Ha moBa BaxkHo omkpu-
mue u3caegBaHuama ce HacouBam Kbm MbpceHEMO Ha
mexHUme egHO2EeHHU AU2aHgu - eHgokaHabuHougume.
Te 3aegHo ¢ gBama peuenmopa - CB1 u CB2, kakmo
U eH3uUMUMe, KOUMO 2u u3epaxkgam u pa3epaxkgam,
popmupam eHgokaHabuHougHama cucmema (2). AHec
ma ce pazaAexkga Kamo MYAMUYHKUUOHAAHA XOMEOC-
mamuyHa cucmema, koamo ydacmBa 6 koHmpoaa Ha
mHo>kecmBo puzuoroz2udHU npouecu B opzaHuzma, om-
HacAWU Ce KbM Pa3AUYHU Crepu Ha meguuuHama - om
HeBpoAozuama U OHKOAO2UAMA, NPE3 UMYHOAO2UAMA
U eHgOKpUHoAO2UAMa go penpogykmuBHama meguuu-
Ha. EngokaHabuHougume ydacmBam 6 koHmpoaa Ha
anemuma Ha ueHmpaaHo HuBo, a Ha nepudgpepHo HuBo
umam omHoweHue Kbm uHcyauHoBama uyBemBumen-
Hocm (3). Te umam opekcuzeHHO gelcmBue, a mexHu-
am nbpBu CB1-peuenmopeH aHmaz2oHUCM e C u3pazeHu
aHopekcuzeHHU edgpekmu. HezoBume noa3u 6axa no-
mBbpgeHu Ha 6azama Ha npoyuBaHua ¢ MegukameHma
- pumoHabaHm, KoUmo noka3a bAazonpuameH eexkm
Ccbwo u Bbpxy gucaunugemuama u 2aukemuama (4).

M3caegBanua Bbpxy >kuBomHu u xopa nomBbpikga-
Bam, ue uarama eHgokaHabuHougHa cucmema e akmuBHa
Ha HUBo aduHuuu. EHgokanabuHougume uepasm BaxkHa
poaa 666 Bcuuku HUBa u emanu Ha >keHckama noaoBa oc
- om pa3zBumuemo u 3peeHemo Ha oBouuma go paxkga-

Hemo (5). ToBa um ompexkga BaxkHo macmo 6 penpogyk-
uuama npu >xeHama. baazogapeHue Ha me3u edpekmu ce
npegnoAaza, Ye Au2aHgume u memaboAuzupawume 2u
eH3umMu buxa mozau ga 6bgam HageXkgHu HGuomapkepu
3a OUeHKa Ha UHhepmuAumema Npu >keHama.

Yyacmuemo Ha eHgokaHabuHougHama cucmema 8
peayaauusma Ha eHepaulHua GaraHC om egHa cmpaHa
u 6 oBapuarHama cyHkuua om gpyea noBguza Bvnpoca
gaau ma uepae poaa 8 namodgpuzuoro2uama Ha CUHgPO-
Ma Ha noAaukucmo3sHu atuHuuu (CI18). MNpegnoaaea ce, ue
eHgokaHabuHougume moxke ga B3aumogedcmBam c oBa-
puaaHama goyHKUUA, MOgyAupalKku mexaHu3mu, ydacm-
Bawu B eHepaulHua 6araHC U MEMABOAUMHUA KOHMPOA.
Mpegu noBeue om 10 20guHU e Cb3gageHa xunomesama
3a BAusHUEemMO Ha eHgokaHabuHougHama cucmema 6 2e-
He3zama Ha CI14 (6), HO u go gHec HelHama poaa e Bce
owle XunomemuyHa U mbpcu owe nomBbpyKgeHus.

0O630pbM uma 3a uea ga npegcmabu obw, npe-
2aeg Ha moBa, kakBo e eHgokaHabuHougHa cucmema
u kakBu ca HelHUMe (PU3UAO2UYHU U NAMOCU3UOAO-
2UYHU epekmu, ga ce cucmemamu3upam u aHaAu3u-
pam HampynaHume go MOMEHMa gaHHU OMHOCHO
yd4acmuemo Ha eHgokaHabuHougume 6 >xeHckama
penpogykuua u poaama um 8 namodguzuoroz2uama Ha
CUHgPOMa Ha NOAUKUCMO3HU AUYHUUU.

Obw, npeaneg Ha eHgokaHabuHougHama
cucmema

EHgokaHabuHougume ca gepuBamu Ha HeHacume-
HUME MacmHU KUCEAUHU, KOUMO Ca WUPOKO pa3npoc-
mpaHeHu 6 yoBewkomo maro. Omgeaam ce om mem-
BpaHHUMe pochoAunugu, Kamo ce cuHme3upam npu
Heobxogumocm (on demand) om kaemkama.

OcHoBHume eHgokaHabuHOUgHU Au2aHgu ca gBa.

74
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N-apaxugouAremaHoAamuH, owe no3Ham Kamo
aHaHgamug (AEA), e nbpBua omkpum eHgokaHabuHo-
ug, ugzoaupaH om cBuHcku Mo3bk npe3 1992 2. (7),
nocaegBaH caeg moBa om Bmopua uzoAupaH eHgo-
KaHabuHoug - 2-apaxugoHouazauuepon (2-AG) npe3
1995 2. (8, 9). Npekypcop Ha AEA e N-apaxugouadoc-
dpamuguaemaroramuH (NAPE), koimo nocpegcmBom
NAPE-xugpoauzupawa ¢ocgoaunaza D (NAPE-PLD)
ce Xugpoauszupa go aHaHgamug. CuHme3upaHusam
AEA ce omgeaa 8 ekcmpaugAayarapHomo npocmpas-
cmBo, kbgemo mou moxke ga geicmBa no aBmokpu-
HEeH UAU hapakpuHeH nbm upe3 akmuBayua Ha KaHa-
6uHougHume peuenmopu. 2-AG ce omgeaa CbwO
om membpaHume ,on demand” caeg koHBepcua Ha
guauuazauuepoa B 2-AG upe3 sn-l-guauuszauuepoan
aunaza (DAGL).

buoaozuuHume epekmu Ha AEA u 2-AG ce ocCb-
wecmBaBam nbvpBo caeg 3axBawaHemo um om kKaem-
Kama, nocpegcmBom npegnoAazaemu eHgokaHabu-

Houg-membpaHHu mparcnopmepu (EMT) (10). EHgo-
KaHabuHoug-meguupaHume egekmu ce npekbcBam
0bpP30 Upe3 uHMpaueAyaapHa eH3UMHa gezpagauus.
OcHoBHuam eH3um, pazepaxgaw, AEA, e amug-xu-
gpoaa3a Ha macmHume KuceAuHu (fatty acid amide
hydrolase, FAAH) (11) u 3a 2-AG - MOHOQUUAAUUEPOA
Aunaza (monoacylglucerol lipase, MAGL) (12).

EngokaHabuHougume akmuBupam  cbwume
G-npomeuH peuenmopu (CBT u CB2), ¢ koumo ce
cBbp3Ba ncuxoakmuBHomo BewecmBo Ha kaHabu-
ca - A9-mempaxugpokaHabuHoA. Kbm 2pynama Ha
eHgokabuHougHume peuenmopu ce npuducanBa u
transient receptor potential vanilloid 1 (TRPV1) - Go-
HeH KaHaA, koimo ce akmuBupa om gBama AuzaHga u
MHO>XXeHcmBo memaboAuzupawu eH3uMu om uHmpa-
ueAyaapHama kaembvuHa cmeHa (13).

Queypa 1 cxemamuuHo npegcmaBa 2aaBHume
yyacmHuuu B eHgokaHabuHougHama cucmema.

Aokaauzauus Ha ocHoBHUMeE eaemeHMU Ha eHgokaHabuHougHama cucmema B8 penpogykmuBHama

kaemka (14).

AezeHga:

AA: ApaxugoHoBa KuceAuHa;
AEA: AnaHgamug (N-apaxugoHou-
A€maHOoAaMUH);

2-AG: 2- ApaxugoHOUARAUUEPOA;
CB1/2: Tun 1 u 2 kaHabuHOUQHU
peuenmopu;

DAGL: Auauua2auuepoa Aunasza;
ECS: EHgokaHabuHougHa cuc-
mema; EIT: EHngokaHabuHougeH
UHMpaueAyAapeH mpaHcnopmep;
EtNH2: EmaHoAamuH;

FAAH: AMug-xugpoaa3za Ha macm-
HUMeE KUCEAUHU;

MAGL: MoHoauuA2AuuepoA
AUNa3a;

NAPE-PLD: N-auua-pocgpamu-
guAeMaHoAaMUH-CneuuduyHa
gocgonaunaza D;

TRPV1: Transient receptor potential
vanilloid 1.

NAPE-PLD ‘

Glycerol

EIT

EtNH,

Inside
outside
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Kabakchieva, Plamena P. et al

[MopBoHavarHO ce e cmamano, ye nbpBuuHama
Aokaauzauua Ha CB1R e buaa 8 ueHmpaaHama HepBHa
cucmema, a CB2R ce Arokaauzupam 8 kaemkume Ha UMyH-
Hama cucmema. AHec ce 3Hae, ye gBama peuenmopa ca
paznpocmpaHeHu 8 MHO20 gpyau Op2aHu u cucmemu U
gopu me mo2am ga cbuecmByBam egHoBpemeHHo Bbp-
Xy noBbpxHOCMMa Ha egHa U Cbla KAeMKa.

CB1 ce Aokaauzupa cbwo 68 nepugpepHume mo-
KaHu Kamo al4yHUUU, eHgoMempuym, mecmuc, YepeH
gpob, cbpue, mbHKU 4epBa, NUKOYeH mexyp u ne-
pubepHUmMe KAemKku Kamo Aumdpouumume (15-17).
CB2 peuenmopume ca uzoAupaHu 3a nbpBu nbm om
cAe3Ka Ha nAbx u voBewku mueaougHu kaemku (18)
u 3amoBa ce e cmamano, ye OCHOBHO ce ekcnpecu-
pa 6 umyHHama cucmema. CB2 peuenmopu cbwo ca
ycmanoBeHu u 6 peguua gpyau mbkaHu, kamo LIHC
(19), em6puoHarHu cmBoroBu kaemku (20), naaueHma
(21), muomempuym (22), aGuHuk (23), cmomawHo-upe-
BeH mpakm (24), uepeH gpob (25) u cbpue (26).

@u3uoA0UYHa poad Ha eHgokaHabuHo-
ugHama cucmema

HapacmBa 6poa Ha gaHHUme, omHacawu ce go
epekmume Ha eHgokaHabuHougume 6 pazaudHume
opeaHu u cucmemu. B3 ocHoBa Ha HampynaHus goce-
2a onum ¢ pumoHabaHm u u3caegBaHuama, npoBegeHu
Bbpxy >kuBomuHcKu Mogeau u xopa, 6u Mo2r0 ga ce
0606wy, ye eHgokaHabuHougHama cucmema ydvacmBa
8 pa3AuYHU (PU3UOAORUYHU (PYHKUUU, MHO20 OM KOUMO
cBbp3aHu ¢ noggbprkaHe Ha xomeocmasama, HeBponpo-
mekuuama, mogyaupaHe Ha 6oakoBume Bb3npusmus,
peayaauusama Ha MomopHama akmuBHOCM u Cbwo KOH-
mpoaupate Ha namemoBume npouecu 8 Mo3bka. Aonba-
HUMEeAHO eHgokaHabuHOUgHama cucmema gonpuHaca 3a
MOQUAUpaHe Ha umyHHama cucmema u Bb3naaumenHus
omeoBop. MoBauaBa cbpgeuHo-cbgoBama u pecnupa-
mopHama cucmema, nocpegcmBom KOHMpOAUpaHe Ha
CbpgedyHama 4ecmoma, apmepuarHOMO HaAs2aHe U
bpoHxuarHama coyHkuua (2) (Que. 2).

EHgokaHabuHougume ydacmBam 6 peayravuama Ha
npouecume Ha XpaHeHe U eHepaulHa 0OMAHA, KAKMO Ha
ueHmMpaAHo, maka u Ha nepudpepHo HuBo. CB1-peuenmo-
pu ca AokaAuzupaHu 868 Bcuuku Mo3bUHU cMmpyKmMypu,
aHzaxkupaHu 6 koHmMpoAa Ha anemuma, BkatouBawu xu-
nomasamyca (28), nucleus arcuatus (29), BazycoBua HepB
U gpyeu mMo3buHu ueHmpoBe, KoHMpoAUpawu cumocm-
ma, nocpegcmBom HepBHU cuzHaAu om 2acmpo-uHMmec-
muHaaHua mpakm  (30). V3caegBanua nokazBam, ue
HuBama Ha eHgokaHabuHougume 6 mo3bka ce yBeauua-
Bam nog BauaHUe Ha OCMBP UAU XPOHUYEH CMpPeC, UAU
MOKCUYHa NpUYUHa, Koemo uma 3a uea ga Bb3cmanobu
,HopmarHama“” xomeocmasa (31, 32). Te3u gaHHU npeg-
noaazam, ye CB1-peuenmopume ce akmuBupam npu 2aa-
gyBane, 3a ga peayaupam HuBama Ha opekcuzeHHUMe u

aHOpEeKCU2eHHUMe Meguamopu U N0 MO3U Ha4YuH ga UH-
gyuupam npuem Ha xpaHa (33). OpekcuzeHHUamM egpekm
Ha eHgokaHabuHougume BeposmHo ce ocbuwecmBaBa
nocpegcmBom meguamopa - HeBponenmug Y (3). Akmu-
BuparHemo u nomuckaHemo Ha CB1-peugnmopume Bogu
go npomaHa 6 HuBama my, kamo cbomBemHo 2u yBeau-
yaBa uau HamarnBa (34, 35).

Ha nepucpepHo HuBo eHgokaHabuHougume u
CB1-peuenmopu ca uzoaupaHu 8 mHoxxecmBo kaemku
u mbkaHu, ydacmBawu 6 eHepaulHama xomeocmasa,
68 moBa uucao: vepBa (36), yepeH gpob u xenamouumu
(37), 6bara macmHa mokad (38, 39) u agunouumu (38,
40-42), ckeanemHa myckyramypa (43) u naxkpeac (38,
44). AEA u 2-AG npomomupam Aunoz2eHe3zama, gokamo
CB1-peuenmopHusm aHmazoHucm ycuaBa aunoauzama
U CmumyAupa 2A1Ko3HUA memaboauzbm, nocpegcmBom
noBuwabaHe Ha acpuHumema u akmuBauuama Ha 2AlKo-
3HUMe mpaHcnopmepu mun 4 (GLUT4) (40, 45, 46).

B 0606weHue bu mo2A0 ga ce Kaxke, Ye eHgoKaHabu-
Hougume 668 guzuorozudHu ycroBua yuacmBam Bv6
»PuHama Hacmpolka“ Ha memaboAumHume npouecu
6 maromo, Ho npu cBpbxakmuBupaHe Ha cucmemama
u3eAexga, Ye gonpuHacam 3a pazBumuemo Ha mema-
H6oAumHume HapyweHua u ¢ moBa 3a ogpopmaHeMo Ha
abgomuHareH mun obe3umem, gucaunugemus u xunep-
2aukemun. [aazmeHume HuBa Ha eHgokaHabuHougume
e ycmanoBeHo, ue ca noBuweHu Npu Xopa CbC 3aMAbC-
maBaHe (47, 48) u npu nauueHMUuU CbC 3axapeH guabem
mun 2 (49, 50). Mima gaHHU Cbwo, Ye nAazmeHume HuBa
Ha 2-AG ca noBuweHu npu Auua ¢ aHgpougeH mun obe-
3umem u He2amuBHO KopeAaupam ¢ uHcyauHoBama
yyBcmBumearHocm, HezaBucumo om  koauuecmBomo
Ha macmHama mbkaH (49, 51). AonbAHUMeAHoO B8 caydau
Ha 3amabcmaBaHe, uHgyuupaHo om noBuweH npuem Ha
xpaHa, u gBama noka3zameaa - aueaHg u CB1 peuenmop
ca noka3aau cBpbxakmuBauus (52). ViHmepeceH e cbwo
dpakmwm, ye CBI1-peuemop ,knockout” muwku ca Guau
pe3ucmeHMHU Kbm 3amabcmaBaHe, uHgyuupaHo om
noBuweH npuem Ha xpaHa (53). Bcuuku me3u gaHHU Ha-
couBam kbm macHa Bpb3ka mexkgy obezumema u cBpb-
xakmuBauusama Ha eHgokaHabuHougHama cucmema.
AoKazaHo e, ye ma ce peaau3upa Ha HuUBo xunomasamyc
U nepugpepHU MbKaHU - MacmHa MbKaH, NAHKpeac, CKe-
A€MHa Myckyaamypa u vepeH gpob (54).

MpunoXkeHue Ha eHgokaHabuHougume BbB
¢apmakomepanugama Ha 3amAabcmaBaHemo

Caeg ycmaHoBaBaHemo Ha HoBume AokaAu3auuu Ha
eHgokaHabuHougHUMe peuenmopu U aH2a>kupaHemo Ha
cucmemama B pezyaauuama Ha pazAudHU PU3UOAO2UY-
HU U namoAo2u4HU npouecy, BrkarouBawu cmpec, umyH-
Ha cucmema, KOHMPOA Ha anemuma U penpogykuyuama
Npu Mbya U »eHama, ca 3anoyHaAu u3caegBaHua 6 Ha-
COKa MbpceHe Ha mexHUA (papmakoAO2UYeH NOMeEHUUAA.

IMopBuam ogobpeH 3a kauHuuHa ynompeba CB1-pe
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uenmopeH 6Aokep 3a AedeHue Ha 3amabcmabare e pu-
moHabaHm (SR141716A) (4). HampynaHume gaHHU om
KAUHUYHUMe uznumBaHua ¢ mo3u npenapam - RIO-Lipids,
RIO-Europe, RIO-NorthAmerica u RIO-Diabetes (55, 56) ca
nokazaau gobpu mepaneBmuuHu egpekmu Ha puMoHa-
6aHm Bbpxy KOHMPOAA Ha MeAecHOMO me2ao U 6Aazo-
npuamuo noBauaBaHe Ha cbpgeuHo-cbgoBume puckoBu
chakmopu (56-58). AonbAHUMEAHUME edhekmU, ycmaHo-
BeHu npu AeveHue ¢ pumoHabaHm BrkatouBam: nogobpe-
Hue 6 HuBama Ha agunoHekmuH, HDL, mpuzauuepugu
U 2AUKUPaH Xemo2A00UH NpuU NauueHMUu CbC 3axapeH
guabem (55, 58). ABe 20guHU caeg pe2ucmpupaHemo Ha
npenapama 6 EBpona, mou e umeaaeH om anmeyHama
Mpexka nopagu HampynaHume gaHHu 3a noBuwaBate Ha
genpecuBHume enu3ogu u cyuuugHua puck (59, 60).
Kbm momeHma ce npoBexkgam uzcaegBarua 6 Haco-
Ka mbpceHe Ha HOB nepudpepHo gelcmBaw, CB1-peuen-
mopeH 6aokep 3a ehekmuBHO AeveHue Ha 3amAbCMs-
BaHemo u cBbp3aHume C He20 YCAOXKHEHUA, KoUmo ga
€ C No-MaAka neHempauusa npe3 KpbBHo-Mo3buHama Ha-
puepa. AkmuBayuama Ha CB2-peuenmopume, om gpyza
CmMpaHa, ce NpegnoAaza CbWo, Ye MoXe ga uma baazo-
npuameH ecpekm Bbpxy meaecHomo mez2ao u 3amoBa
hapmauHgycmpuama pa3zpabomBa CB2-peuenmopHu
a20HUCMU 3a AeveHue 3a 3amabecmaBaHemo (4).

EHgokaHabuHougume B keHckug penpo-
gykmuBeH mpakm

EnpoxkanabrHoWgHa

BAuaHue Ha eHgoKaHa-
buHougHama cucme-
ma Bbpxy pazAudHu
npouecu 6 yoBewkun
op2aHu3bm

(AganmupaHo no 27).

Il o s e bLLsa |

Bl L R e A

Anerer

EnHgokanabuHougume uzpaam BaxkHa poaa B Ha-
KOAKO npoueca 8 xeHckua penpogykmuBer mpakm,
BratouBawu ¢goaukyaozeHesa, oByrauus, 3peeHe Ha
oBouuma, umnaaHmauua u paHHa GpemeHHocm (22,
61-65) (Due. 3).

INrazmeHume HuBa Ha AEA Bapupam npe3 meh-
CMpyYaAHUA UUKbA, Kamo ca Hal-Bucoku 6608 poauky-
AapHa pa3a (67, 68). ToBa e om ocobeHO 3HaueHue
3a peaAusupaHe Ha GpemeHHocm (65). Bucokume
naazmeHu HuBa Ha AEA u cBbp3zaHama ¢ moBa no-
Hucka akmuBHocm Ha FAAH 8 nepuoga Ha umnaa-
mauua Ha eMbpuoHa ce acouyuupam ¢ noBuweH puck
om cnoHmaHeH abopm. Ta3zu Bpb3ka e nomBbpgeHa
om gBe npoyuBanua. NMvpBomo gokaagBa, ve >keHu
CbC cnoHmMaHeH abopm ca umaau no-Hucka FAAH-ak-
muBHocm cnpamo 3gpaBu koHmpoau (69). Bmopomo
npoyuBare cpaBHaBa HuBama Ha AEA cpeg xeHu ¢
npegcmosawa IVF/ICSI npouegypa. Npu me3u om max
C peaau3zupaHa bpemeHHOCM ca u3mMepeHU NO-HUCKU
HuBa Ha AEA cnpamo >keHume C Heycnex om in-vitro
npouegypama (22).

B 0606werue - Huckume HuBa Ha AEA nognoma-
2am mamouHama peuenmuBHocm u ca Heobxogumu
3a noggbpykaHe Ha bpemeHHOCMMA, gokamo OKOAO
nepuoga Ha mepmuH Bucokume HuBa Ha AEA ca Heob-
XOgumu 3a pakgaHemo, BepoamHo nopagu XugpoAu-
3ama, Ha KoAMo Ce nogaaza aHaHgamuga u om moBa
- nokayBawume ce HuBa Ha npocmazaaHguHume (54).
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Hat-8axxHu buoro2udHU echekmu Ha eHgokaHabuHougume 6 xeHckua penpogykmuBeH mpakm

(Aganmuparo om 66).

W ap.

Ha HMBO EHOOMETPHYM pery/IMpaT
CNEeOHMTE MPOLECH:

- MMMAaHTauKMA Ha emBproHa,

- MAACTMYHOCT Ha EHAOMETPHYMA,

- EHOOMETPHANHE KNeTbUYHA
nponupepauma 1u Tpadchopmanma,
- EHAOMETPHANHE AelMayanM3aumna

Ha HUBO MaToOuHM TPbOM
peryaupar:

- KOHTREKLUMKTE Ha
MaTOUHKUTE TpbbHK,

- MPWUABMHBAHETO Ha
OMNoOeHAaTa AHLERNETHAE.

Ha HMBO AHYHMK perynmpar:
- ponMKynoreHesa,
- 3pEEHE Ha OBOUMTA.,

HuBa Ha eHgokaHabuHougume B alyHuka
u ponukyaapHama meyHocm

He>xeaaHume ecpekmu Ha A9-mempaxugpokaHabu-
HOA ca cBbp3aHu ¢ ghoaukyarozeHe3ama u oByaauuama,
Kamo ce cuuma, Ye mo3u humokaHabuHoug ce acouuu-
pa ¢ Hucko kadyecmBo Ha oBouumume u eBeHmyarHo
aHoByaauua u uHgepmuaumem. KoaudecmBo Ha AEA
e onpegeraHo 6b8 hoaukyrapHa meuyHocm, nocpeg-
cmBom acnupauua npu >keHu, nogaazawu ce Ha IVF-npo-
uegypa (70). M3caegBaHuama ca noka3aau, ye uarama
eHgokaHabuHougHa cucmema e akmuBHa Ha HuBo adu-
Huk. CBT1 u CB2 peuenmopume, kakmo u NAPE-PLD u
AEA ca 6uau ugeHmudpuyupanu 8 aiuHukoBama mukaH
(64). VMiMyHOAO2UYHO € AOKaAu3upaHa ekcnpecusma Ha
CB1R u CB2R 6 megyrama u kopmekca Ha au4Huka. B
Kopmekca peuenmopume ca ekchpecupatu 8bpxy epa-
HUYAO3HUME KAEMKU Ha NpumopguasHun, nbpBuuHus,
BmopuuHua U mpemuyHUA POAUKYA, Kakmo u Bbpxy
meka-kraemkume Ha BmopudeH u mpemuydeH OAUKUYA.
ABama peuenmopa ca ycmaHoBeHu cbwpo B corpus
luteum u corpus albicans. NAPE-PLD e ekcnpecupaH 6
2paHyAo3HUMeE U meka-kaemkume Ha BmopuyeH u mpe-
muueH poAukya, B corpus luteum u 6 corpus albicans,
Koemo npegnoaaza, ye AEA ocHoBHO ce npogyuupa om
2paHyAO3HUME KAEMKU Ha pacmawume POAUKYAU, HO
He u om oBouumume (64). Ha 6azama Ha me3u pe3ya-
mamu ce npegnoaaea, ve AEA moxe 6u uepae poaa 6

aHmMpaAHama ga3a Ha (PoAuKyao2eHe3ama.

ViHmepecHu ca gaHHume, e ugmepBaHume HuBa Ha
AEA 866 hoaukyrapHa meuHocm, acnupupaHa om oAU
KYAU Ha YKEeHU, N0gAa2auwu ce Ha KoHmpoaupaHa oBapuas-
Ha cmumyaauus 3a npegcmoauwia IVFE/ICSI- npouegypa, ca
6uau no-Bucoku 866 hoaukyaume coue 3peau oBouumu,
8 cpaBHeHue ¢ me3u ¢ He3peau oBouumu (1,56+/- 0,11
cpewy 0,99+/- 0,09 nM) (64). KoHueHmpauua Ha AEA om
1,09 nM B8 ghoaukyaapHa meuHocm uma npegukmuBHa
cmoUHocm 3a 3parocm Ha oBouuma 6 77% om cayvau-
me, nogkpenawo xunome3ama, ye HuBama Ha AEA 616
¢poaukyaapHa u oBogykmasHa meuyHocm moxke ga Ob-
gam cBbp3aHu cbe 3perocmma Ha oBouumume (64, 70).
Tesu edpekmu Ha aHaHgamuga BepoamHo ce ocbwecm-
BaBam nocpegcmBom cBobpzBare ¢ CB2-peuenmopume,
KOUMO Ca AOKaAU3UPaHU Ype3 UMYHOXUCMOXUMUYEH aHa-
Au3 8 oBouumu Ha mpemuueH POAUKYA, HO He u Bbpxy
makuBa 6 gpyea paza Ha pazBumue (64).

EHgokaHabuHougHa cucmema u cuHgpom
Ha noAukucmosHu alivHUYU

CuHgpombm Ha noAukucmo3zHu aduHuuu (Cr14) e
cpeg Hal-4ecmo cpewgaHume eHgokpuHonamuu, 3acaza-
wu mAagu >keHu. Tol ce xapakmepu3upa C HaAu4uemo
Ha XunepaHgpozeHuzbm, oByaramopHa guciyHKuua U
NOAUKUCMO3Ha Mopghorozua Ha aduHuuume (71), npeg-
cmaBeHu 6 pazaudHa cmeneH u oghopmawu Yemupu doe-
HomunHu 2pynu (Taba. 1).
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Tabauya 1. ®eromunhu 2pynu.

Kpumeputi @®enomun A ®enomun B ®enomun C ®enomun D
XunepaHgpozeHu3bm + + + -
(KAUHUYEH U/UAU BUOXUMUYEH)

OByramopHa gucthyHKUUA + + - +
MoAuKUCMO3Ha MOPhOAO2UA + - + +
Ha AUYHUUUME

B npoyuBaHe Ha GbA2apcka nonyAauua >KeHU CbC
CI8 npeobaagaBam nauueHmu ¢ Kaacudeckama pop-
Ma Ha cuHgpoma (peHomun A u B). Toaama yacm om max
ca buau cbe 3amabemabBare u uHcyauHoBa pesucmerm-
Hocm (72), koumo ce oka3zBam Hat-8a>kHume pakmopu
3a pazBumue Ha memaboAumeH CUHgPOM U OPOPMALLU-
am ce 8 pezyamam Ha moBa cbpgeuHo-cbgoB puckoB
npocpua npu xeHume cbe CI14 (73, 74). Megukamen-
mo3Homo noBauaBaHe Ha uHcyauHoBama pe3zucmeHm-
Hocm nocpegcmBom  uHcyauHoBu  ouyBecmBumenu
Bogu go pegykuua 6 HuBama Ha peguua agunouumo-
KuHU, cBbp3aHu ¢ uHcyauHoBama pe3ucmeHmHocm
(AenmuH, pe3ucmuH u mymop Hekpo3uc gpakmop 1),
u xunomaaamuuHua HeBponenmug Y 68 npoyuBaHe Ha
OpbeuyoBa u cvaBmopu (2011 2.). Ta3u mepanua gonva-
HUmeAHo oka3Ba Gaazonpuamuu epekmu Bbpxy cop-
geuHo-cbgoBua puckoB npodua Ha xxeHume cbe CMA u
cbnbmemBawama uHcyauHoBa pezucmenmuocm (75).

Mpegu noBeve om 10 2oguHu ce 3apaXkga Xuno-
me3ama, 3a BAusHuemo Ha eHgokaHabuHougHama
cucmema B emuonamozeHezama Ha Cl14. Ob6ewga-
Bawume gobpu memaboAumHu pe3yamamu om me-
panuama c pumoHabGaHm npegnoaazam, ye u Npu >e-
Hume cbc CM4 mol we goBege go HamaraBaHe Ha
uHcyauHoBama pe3zucmeHmMHOCM, MeAecHOmo me-
2A0, nogobpaBaHe Ha AunugHua npogua u noBuwaba-
He Ha HuBama Ha agunNoHeKMUH. AONBAHUMEAHO Ce e
CYUMAAO, Ye HapyweHUamMa Ha XunomaAamo-Xxunogu-
30-20HagHama oc u npomeHeHama nyacamuBrocm 6
cekpeuyuama Ha 20HagompPONHUA PUAUU3UH2 XOPMOH
(GnRH) we ce noBauaam 6aazonpuamHo om mepanu-
ama ¢ CB1-peuenmopHua aHmazoHucm (6).

MocaegBawume uzcaegBaHuama ¢ pumoHabaHm
cpeg xeHu cbe CI8 u obezumem nokazBam gobpu
epekmu Bbpxy uHcyauHoBama pezucmeHmHocm.
Tepanuama ¢ megukameHma gonvaHumeaHo Bogu go
HamarnBaHe Ha HuBama Ha araHuH amuHompaxcge-
pazama (AAAT) (76).

Bce owe He ca AcHU moYHUME MexaHU3MU, C KOUMO
eHgokaHabuHougHama cucmema moxke ga cbyvacme6a 6
namozeHe3ama Ha CUHgPOMa Ha NOAUKUCMO3HU AUYHU-
uu. Cpeg nabxoBe e ycmarnoBeHo, ue akmuBauuama

Ha CB1R om AEA 6 naHkpeacHume Gema-kremku moyke
ga uHgyuupa uHcyauHoBa xunepcekpeuusa u UHCyauHoBa
pezucmeHmHocm (77, 78). Te3u HabAlogeHua npegnoaa-
2am, Ye AOKaAHUME echekmu Ha eHgokaHabuHougume Ha
HuBo naHkpeac moyke cbwo ga uzpaam poaa 6 Clld-aco-
uuupaHama uHcyauHoBa pezucmeHmuocm. AHoByaa-
uuama npu CI'14 moxe ga ce gbAKU Ha KOMNAeKCHama
Bpb3ka mexgy eHgokaHabuHougume, aenmuHoBama
npogykuua u obesumema (79).

HoBu npoy4BaHug B obAacmma Ha eHgo-
kaHabuHougHama cucmema u CNA

Bobnpeku u3kazaHama xunomesa 3a Bpb3ka mexkgy
eHgokaHabuHougHama cucmema u Cl14, 6poam Ha Hayy-
Hume u3zcaegBarua B8 ma3u obaacm e HegocmambyeH.

B npoyuBaHe cpeg mauBaHcka nonyaauus npu
»keHu cbe CIM4 e ycmaroBeHo, ye HuBama Ha eHgokaHa-
6uHougume - aHaHgamug u 2-apaxugoHua2auuepoa 6
nepuepHU MOHOHYKAEpaHU Kaemku ca buau no-Bucoku
cnpamo me3u npu 3gpaBu KOHMPOAU. AONBAHUMEAHO e
ycmaroBero, ue noBuweHa excnpecua Ha CB1R 8 nepu-
(pepHU MOHOHYKAEapHU KaemKu U BucuepasHa macmHa
MmbkaH € Haauue npu >keHume cbe CI14, cnpamo 3gpa-
Bama nonyaauusa. B cowomo npoyuBaHe ce omkpuBa
nosumuBHa kopeaauua mexxgy ekcnpecuama Ha CB1
mMRNA u HuBama Ha eHgokaHabuHougume C me3u Ha
KpbBHama 3axap u umyHopeakmuBHua uHCYyauH Ha Bmo-
pus yac B xoga Ha OpaAeH 2AOKO30-MoAepaHmeH mecm.
ABmopume Ha npoyuBaHemo ycmaHoBaBam, ue CB1R
e eguHcmBeHuam gpakmop, HezaBucumo acouuupaw, ce
¢ uHcyauHoBama pe3ucmeHmHocm. Bb3 ocHoBa Ha no-
AYdeHUME pe3yamamu me cmuz2am go 3aKAtoYeHUemo,
ye eHgokaHabuHougHama cucmema e macHo cBbp3aHa ¢
uHcyauHoBama pesucmenmyocm npu Cr14 (80).

Cui u cvaBmopu (2017 2.) uzcaegBam ekcnpe-
cuama Ha FAAH u CB1R 8 engomempuym 8 mpume
ha3u Ha MEHCMPYAAHUA UUKbA — MEHCMPYaAHa, Npo-
AupepamuBHa u cekpemopHa, kamo ovakBaHo HuBa-
ma Ha eH3uma ca ce noBuwabBaau cueHugukaHmHo 6
cekpemopHama @a3za, cnpamo gpyaume gBe da3zu.
Tazu meHgeHuua e HabaogaBaHa u npu gBeme
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uzcaegBanu 2pynu - >keHu cbe u 6e3z CI15. ABmopume
ycmanoBaBam cowo, ve HuBama Ha FAAH npu »keHume
cve ClM9 ca 6uau 3Hauumo no-Hucku 666 Bcaka gpaza
Ha MeHCMpYaAHUA UUKbA, cnpamo >xeHume 6e3 CI15.
AonbAHUMEAHO e ycmaHoBeHa cu2HugpukaHmHa no3u-
muBHa Kopeaauua mexxgy uHcyauHoBama pezucmeHm-
Hocm  (oueHaBaHa nocpegcmBom koAudecmBeH UH-
gekc 3a uHcyauHoBa uyBecmBumeaHocm - Quantitative
Insulin Sensitivity Check Index [QUICKI]) u excnpecuama
Ha FAAH 8 npoaudgpepamuBHa u cekpemopHa haza Ha
meHcmpyaaHua uukbA B 2pynama coe CI4. ToBa gaBa
ocHoBaHua Ha aBmopume ga npegnoaazam, ye FAAH
uepae poaa 6 eeHezama Ha uHcyauHoBama peucmeHm-
Hocm npu CIM4 (81). B AcoHezumyguHaaHo npoyuBaHe Ha
cowua aBmopcku korekmuB ce ycmaroBaBam no-Buco-
KU U3XOgHU nAazmeHu HuBa Ha AEA npu sxeHu coe CI4l,
cpaBHeHu ¢ >xeHu 6e3 Cl13, Ho ¢ uHdgepmuaumem. B
HuBama Ha 2-AG auncBa cuzHugpukaHmHa pazauka
mexxgy gBeme 2pynu. Edpekmume, koumo ca HabAaoga-
BaHu caeg 3-meceuHo KOMBUHUPAHO AeyeHUe C eMUHUA
ecmpaguoa 35 mMk2 u uunpomepoH auemam 2 m2 8 kom-
BGuHauua ¢ Mem@OpMUH npu >xeHume cbe CI14, ca buau
pegyuupaHe Ha HuBama Ha AEA u noBuwaBaHe HuBama
Ha ekcnpecua Ha FAAH 8 engomempuyma (82).
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kabuHougume u uHcyauHoBama pe3ucmeHmHocm 6
kKoHmekcma Ha CI14, me He gocmuezam go mBbpgu 3a-
KAIOYEHUA U Harnaeam npoBexxgaHemo Ha gONbAHUMEAHU
Hay4yHu u3caegBaHua. AonbAHUMEAEH uHmMepec npeg-
cmaBaaBa poasma Ha eHgokaHabuHougHama cucmema
660 ,poaukyrapHua apecm” Ha 3peewume (POAUKYAU
u aHoByaauusma npu CI14. EHgokaHabuHougume ce no-
couBam B Aumepamypama kamo HoBume nomeHuuaAHuU
Hbuomapkepu 3a uHgpepmuaumem (83). 3a ga ce ycmao-
Bu gaau me ca karouoB hakmop 3a uHgPepmuAUMeEmMa u
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Opuz2uHaAHa cmamus

KapguomemaboAaumen puck npu maagu 6vzpacm-
Hu 6 goAzompaiina pemucun Ha AekyBana 6
gemcmBomo ocmpa Aumcooracmua rebkemun -
NUAOMHO npoyuBaHe om eguH YeHMoHLP
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Pe3iome

Ljea Ha Hacmoawomo nuaomHo npoyuBaHe e oueHka Ha HAaKou npomeHAuBuU hakmopu Ha Kapguomemabo-
AUmMHuA puck npu npexxuBeau 8 gbazompalHa pemucus Ha ycnewHo aekyBana 8 gemcmBomo ocmpa Aumgo6-
AacmHa aeBkemun (OAA).

Mayuesmu u memogu: OueHeHu ca 28 nayueHmu (cp. Bb3pacm 24,8+4,2 2. (18-32 2.) 8 pemucus cpegHo
13,524,2 2. (5-25 2.) u 25 cbomBemcmBawu no Bb3pacm u noa 3gpabu koHmpoau. MpoBegeHu ca aHMpono-
MempuYHU, BUOXUMUYHU, XOpMOHaAHU U ueromeaecHu Dual-energy X-ray Absorptiometry (DEXA) uzcaegBanus.

Pezyamamu: Yecmomama Ha HagHOpPMeHO MeaAo/3amAabecmaBaHe U gucaunugemus e 3Hayumo no-Bucoka
npu npexkuBeaume B cpaBHeHue ¢ koHmpoaume (cbomB. 53,58% vs 20%, p=0,005 u 60,71% vs 32%, p=0,037).
Cpeg npexxuBeaume 57,14% om xxeHume u 15,38% om mbxxeme ca 3amabcmeau ¢ HopmaaHo meaao (p=0,023).
Mpe>xkuBeaume, ocobeHo mb)keme, umam cuz2HugpukaHmHo no-Bucoku macmua maca (FM) (p=0,009), npoueHm
(% FM) (p=0,002) u uHgekc Ha macmHama maca (FMI) (p=0,002) om koHmpoaume (3a mbxxeme: p=0,006, p=0,002
u p=0,009, cbomBemHo). FM (p=0,039), % FM (p=0,01) u FMI (p=0,048) ca no-Bucoku npu 0babueHume c Buco-
Ka go3a kpaHuaaHa Abuemepanus (KA) B cpaBreHue ¢ aekyBaHume ¢ no-Hucka go3a uau 6e3 KA. MpexkuBeaume
MBXKE UMam cu2HUgpuKaHmMHo no-2oaama obukoaka Ha maausma (OT) 8 cpaBuenue ¢ koHmpoaume (p=0,015)
U paznpegeAeHue Ha macmHama maca no aHgpougeH mun (AG ratio 1,09+0,15 vs 0,94£0,21, p=0,05). [Npexu-
Beaume mbxKe umam no-yecmo mHoxxecmBeHu omkaoHeHusa B8 aunugHua npodpur om AekyBaHume >keHu (50%
vs 7,14%, p=0,039) u no-Bucoku cucmoaHo apmepuarHo HaaszaHe (CAH) u cpegio AH om >xeHume ¢ OAA
(p=0,004 u p=0,027) u om mbxeme-koHmpoau (p=0,021 u p=0,057, cbomBemHo).

3akarodeHue: HagHopmeHo mezao/3amabemabBane, noBuweHo koaudecmBo macmua maca, abgomuHaaeH
aguno3umem u gucaunugemua npegnocmaBam puck 3a nocaegBawa kapguomemaboaumHa 6oaecm npu Aeky-
BaHume 3a OAA u ca Haauue owe 8 paHHama um 3parocm. Hal-3acezHamu ca mb>Xeme U NOHeCAUME NO-UH-
meH3uBHa mepanua. PymuHHO MOHUMOpUpaHe Ha memaboAumHUMeE OMKAOHEHUA U aHaAU3 Ha meaAecHama
Kkomno3uuusa upe3 DEXA cnomazam 3a paHHO ugeHmuguuupaHe Ha uHguBugume B puck u 3a opueHmupaHe Ha
npeBaimuBHume cmpameauu.

KaroyoBu gymu: kapguomemaboaumen puck, DEXA, gucaunugemusn, ocmpa aumcpobracmua aeBkemus,
gbAa2ompaliHa pemucun
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BbeaueBa, MuaeHa U. u cbmpygHuyu

BbBegeHue

B pesyamam om cbBpemeHHOMO ycnewHo Aede-
Hue, uHguBugume B gbAzompalHa pemucua Ha ocmpa
aumpobracmua reBkemua (OAA) ca Hal-2oramama u
yBeauuaBawa ce nonyaauua cpeg navueHmume, Ae-
kyBaHu 3a 3a0kavecmBeHo 3aboaaBarHe 8 gemcmBo-
mo. Te o6aue npegcmaBaaBam 2pyna om mragu Bb3-
pacmHu ¢ peareH u npozpecuBHo HapacmBaw, puck
3a mexKka, CouuaAHo-3HaYuma namoaozus. MNMpuaoxe-
Hume 6 paHHa Bb3pacm mepaneBmuuHu Bv3gedcm-
Bua - xumuomepanusa (XT), 2atokokopmukougu (IK),
KpaHuaAHa Abuemepanus (KA) npegu3zBukBam wupok
cnekmbp om KbCcHU edpekmu. 3gpaBHuam puck e
cBbp3aH Hal-yecmo ¢ paHHO pa3zBumue Ha HagHOp-
meHo meaao (HT)/3amabemaBaHe, copgedHo-cbgoBu
3aboaaBaHua, memaboaumeH cuHgpom (1). Ampozen-
Hama yBpega cv3gaBa npegnocmabku 3a 6oaecm-
HoCm, KOAMO 3HavYumeAHo npeBuwaba ma3u Ha 3gpa-
Bume um BpbcmHUUU U cMbpmMHOCM, HagxBbpaswa
cmbpmHocmma BcaegecmBue peuyuguBu u BmopuuHu
HeonAazmu npu npexkuBeaume (2).

Liean Ha Hacmoawomo npoyuBaHe e ougHka Ha
Hakou npomeHAuBu (hakmopu Ha kapguomemaboaum-
HUA PUCK NpU NuAoOMHa 2pyna om uHguBugu B gvazo-
mpalHa pemucua Ha ycnewHo AekyBarHa 6 gemcmBo-
mo ocmpa AumgpobaacmHa AeBkemus.

NMauueHmu u memogu

M3caegBatama 2pyna BkaouBa 28 nauvueHmu
(14 moxxe u 14 »keHu) Ha cpegHa Bb3pacm 24,814,2 2.
(18-32 2.) u B pemucua >5 2. caeg Kpaa Ha mepanus 3a
OAA. Bcuuku me ca guazHocmuuupaHu u AekyBaHu
npegu HaBbpwBate Ha 18 2. B kauHUKama no Aemcka
Xxemamoaoz2ua u oHkoAoz2ua Ha YMBAA ,,C8ema Mapu-
Ha“, BapHa mexxgy 1989 2. u 2011 2. cbobpazHo akmy-
aAHUMe KbM MOMeHMa Ha guazHo3ama mepaneBmuu-
HU npomokoau (DFCI 87-01, BFM1998, ALL IC-BFM
2002). AaHHU 3a UHUUUAAHamMa xapakmepucmuka Ha
3aboaaBaHemo u uHpopmauua 3a npoBegeHomo Ae-
yeHue ca u3zBaeueHU oM MeguuuHCKUMeE gocuema Ha
yuacmuuyume. CpegHama Bb3pacm npu guazHo3a-
ma e 8,8%4,8 2.; 35,7% om 60AHUME ca cmpamudu-
uuparu 6 epyna Ha Bucok puck. CpegHuam nepuog
Ha npocaegaBaHe caeg AeueHue e 13,5%4,2 2. (5-25
2.). MNo-2orama yacm om nauueHmume (89,3%) ca ae-
kyBaHu ¢ kombBuHauua om XT u KA, mpuma (10,7%)
- eguHcmBero ¢ XT. Mpu yemupuma 6oaHu (14,3%)
e npoBegeHa mepanua 3a peuuguB: npu mpuma KoH-
BeHuuoHaaHa XT, npu eguH e NPUAO>KEH MpaHCNAaH-
mauuoHeH pexum. LllecmHagecem nauyueHmu ca
aekyBanu no npomokoa DFCI (57,1%), gBaHagecem
(42,9%) - no npomokoau BFM (p=0,712). CpegHama
go3a Ha KA e 17,6 Gy (12-24 Gy). Hama 3Havuma

pa3zauka mexkgy gBama noaa 6 yecmomama Ha npo-
Begenama KA; ¢ Bucoka go3za (24 Gy) ca obAabueHu
9 (64,3%) om yyacmHuuume->keHu u 5 (35,7%) om
ydacmuuuume-muxke (p=0,141). KymyramuBHume go3u
Ha 'K, anmpauuxauHu u KA He ce pazauuaBam cuaHudpu-
KaHMHO NpU mb>keme U >xeHume, AekyBaHu 3a OAA (cob-
omBemHo p=0,223; p=0,745 u p=0,172). CxogHu ca u
Bb3pacmma npu guazHo3zama (p=0,738), u Bb3zpacmma
KbM MOMeHmMa Ha u3caegBaHemo (p=0,561). KoHmpoa-
Hama 2pyna ce cbcmou om Gpama/cecmpu Ha yuac-
MHUUUMeE, NO3HAMU Ha MEgUUUHCKUA NEepPCoHaA, Cmy-
geHmu No MeguuuHa u Aekapu, u BkaouBa 25 3gpabu
uHguBugu, cbomBemcmBawu no Bb3pacm u NOA.
MpomokoAabm 3a aHmponomempus, uzmepBare
Ha apmepuaaHo HarszaHe (AH) u B3emaHe Ha kpbB Ha
2AagHo e onucaH nogpobHo B npegxogHa nybaukauua
(3). 3caegBaru ca kpbBHa 2atoko3a (KT), 2aukupan
xemMo2A00uH, obw, xoaecmepoa, HDL-xoarecmepoa
(HDL-C), LDL-xoArecmepoa (LDL-C), mpuzauuepugu
(Tr), anoaunonpomeur B, C-peakmuBeH npomeuH
(CRP), UHCYAUH U UHCYAUHONOGODEH pacmexkeH hak-
mop-1 (IGF-1). HOMA-IR e kaAkyaupaH no gpopmyaa-
ma: HOMA-IR= [KI' (mmol/l) x uncyaun (pIU/ml]:22,5.
MHpopmauua 3a akmyaaHomo 3gpaBocroBHo cbe-
mosaHUe U meKyw, Npuem Ha MegukameHmu e cbbpaHa
ype3 BvbnpocHuk u uHmepBio. Humo eguH om u3caeg-
BaHume He e AekyBaH ¢ pacmekeH xopmoH. M3caeg-
BaHama epyna BkatouBa 28 nauueHmu (14 moxe u 14
>KeHu) Ha cpegHa Bb3pacm 24,8+4,2 2. (18-32 2.) u 6
pemucus =5 2. caeg Kpaa Ha mepanua 3a OAA. Bcuuku
me ca guazHocmuyuupaHu u aekyBaHu npegu HaBbpw-
BaHe Ha 18 2. B KAUHUKamMa no Aemcka XemamoAo-
2uAa u oHkoAaoz2ua Ha YMBAA ,CBema MapuHa®, BapHa
mexxgy 1989 2. u 2011 2. cbobpa3zHo akmyaaHUmMe
KbM MOMeHMa Ha guazHo3ama mepaneBmuuHu npo-
mokoau (DFCI 87-01, BEM1998, ALL IC-BFM 2002).
AQHHU 3a UHUUYUaAHaMa Xapakmepucmuka Ha 3a60Asa-
BaHemo u uHopmauua 3a npoBegeHoMo AeveHue ca
u3BaedeHu oM MeguUUHCKUME gocuema Ha ydacmHuuu-
me. CpegHama Bb3pacm npu guazHo3zama e 8,8+4,82.;
35,7% om 6oAHume ca cmpamuduuupaHu 6 2pyna
Ha Bucok puck. CpegHuam nepuog Ha npocaegaBate-
cAeg AedeHue e 13,5%4,2 2. (5-25 2.). [Mo-2orama yacm
om nauueHmume (89,3%) ca rekyBaHu ¢ kombuHauua
om XT u KA, mpuma (10,7%) - equHcmBero ¢ XT. INpu
yemupuma 6oaHu (14,3%) e npoBegeHa mepanua 3a
peuuguB: npu mpuma koHBenuyuoHaaHa XT, npu eguH
€ NPUAOXKEH MpaHCNAaHMaUUoHeH pexkum. LLlecmHa-
gecem nauueHmu ca AekyBaHu no npomokoa DFCI
(57,1%), gBanagecem (42,9%) - no npomokoau BFM
(p=0,712). CpegHama go3a Ha KA e 17,6 Gy (12-24
Gy). Hama 3Hauuma pasauka mexgy gBama noaa 6
yecmomama Ha npoBegeHama KA; ¢ Bucoka go3a (24
Gy) ca obabueHu 9 (64,3%) om ydacmHuuume-KeHu
u 5 (35,7%) om yuacmHuuume-muxe (p=0,141). Ky-
myramuBHume go3zu Ha 'K, aHmpauyuxkauHu u KA He
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ce pazauyaBam cuz2HUPUKAHMHO Npu MbXKeme u
»keHume, AekyBaHu 3a OAA (cbomBemuo p=0,223;
p=0,745 u p=0,172). CxogHu ca u Bb3pacmma npu
guazHo3zama (p=0,738), u Bb3zpacmma Kbm MOMeHMa
Ha u3caegBademo (p=0,561). KoHmpoaHama e2pyna
ce cbcmou om Gpamsa/cecmpu Ha yuyacmuuuume,
NO3HamMu Ha MeguuUHCKUA NepPCcoHaA, CMygeHmu no
MeguuuHa u Aekapu, u BxkatouBa 25 3gpaBu uHguBugu,
cvomBemcmBawu no Bb3pacm u noa.

MpomokoAbm 3a aHmponomempus, uzmepBare
Ha apmepuaaHo HaaazaHe (AH) u B3emaHe Ha KpbB Ha
2AagHo e onucaH nogpobHo B npegxogHa nybaukauun
(3). N3caegBanu ca kpbBHa 2atoko3a (KI), 2aukupaH
xemo2A00uH, obw, xoaecmepoa, HDL-xorecmepoa
(HDL-C), LDL-xorecmepoa (LDL-C), mpuzauuepugu
(Tr), anoaunonpomeun B, C-peakmuBeH npomeuH
(CRP), UHCYAUH U UHCYAUHONOGODEH pacmexkeH hak-
mop-1 (IGF-1). HOMA-IR e kaAakyaupaH no gpopmyaa-
ma: HOMA:-IR= [KT (mmol/l) x uncyaun (pIU/ml]:22,5.
MHpopmauua 3a akmyaaHomo 3gpaBocroBHo cbe-
mosAHUE U meKyw, Npuem Ha MegukameHmu e cbbpaHa
ype3 BbnpocHuk u uHmepBio. Humo eguH om u3caeg-
BaHume He e AekyBaH c pacmexxeH XOPMOH.

Mpu Bcuuku yuvacmHuyu e npoBegeHo ue-
AomeaecHo u3caegBare upe3 Dual Energy X-ray
Absorptiometry (DEXA) - Lunar Prodigy anapamuypa,
6 cmaHngapmHu ycaoBua. M3noa3zBaHu ca gupekmHo
omuemeHuUmMe om anapama hapamempu Ha macmHa-
ma maca: Total Body % Fat, Centile, Fat mass (FM) (g),
Android % Fat, Gynoid % Fat, Android/Gynoid Ratio
(A/G ratio). M3noa3BaH e 2eHepupaHuam om anapa-
ma u cmaxHgapmusupaH no Bb3pacm u noa nokaza-
meA 3a nepceHMuAa Ha macmHa maca - USA (Lunar)
Total Body Reference Population (v112). MpoueHmbm
macmHa maca (% FM) e u3uucaeH kamo macmuama
mMaca e u3paseHa Kamo NpoueHM om cymama Ha ue-
AOMeAecHama mMacmHa U MyckyaHa maca, Kbm KOumo
e gobaBeHo KOCMHOMO MUHepaAHO CbgbpykaHue. C
UeA Heympaau3zupaHe Ha edpekma om pazmepa Ha ma-
Aomo FM e npegcmaBena kamo uHgekc (kg/m?): FML.

XpaHumeAHUsmM cmamyc e npeugeHeH Ha 6a3ama-
Ha KAaacugukauuama Ha WHO, kamo e cmpamuduuu-
paH 8 kamezopuume: nogHopmeHo mezao (BMI<18,5
kg/m?); HopmaaHo meaao (BMI 18,5-24,99 kg/m?); Hag-
HopmeHo meaao (BMI 25-29,99 kg/m?); 3amabecmaBa-
He | cm. (BMI 30-34,99 kg/m?); 3amabcmaBane Il cm.
(BMI 35-39,99 kg/m?); 3amabcmaBate Il cm. (BMI >40
kg/m?). HympumuBHuam cmamyc e npeugHeH go-
NbAHUMEAHO U Ha 6a3zama Ha FMI cnopeg kaacudu-
kauuama, npegaoykeHa om Kelly et al. (4). OmgeAHu-
me kamezopuu ca cBegeHu go gedhuyum Ha macmHa
maca (Fat deficit) (FMI <3 kg/m? 3a mbxxe u FMI <5
kg/m? 3a >keHu), HOpMaAeH UHgeKC Ha MacmHa maca
(normal FMI) (FMI 3-6 kg/m2 3a mbxe u FMI 5-9 kg/
m? 3a »KeHu), HagHopmMeHa macmHa maca (Excess Fat)
(FMI >6-9 kg/m? 3a mbxke u FMI >9-13 kg/m? 3a >keHu),

3amabcmaBare | cm. (FMI>9-12 kg/m? 3a mbxxe u FMI
>13-17 kg/m? 3a »eHu), 3amabcmabBane Il cm. (FMI
>12-15 kg/m? 3a mbxke u FMI >17-21 kg/m? 3a »xeHu) u
3amabcmaBare Il cm. (FMI >15 kg/m? 3a mbyke u FMI
>21 kg/m? 3a >keHu).

Bb3 ocHoBa Ha BMI u npougHma macmHa maca
(% FM) ca ugenmucpuuupadu uHguBugume, npeg-
cmaBawu ce cbec 3amabecmaBaHe npu HOpmaaHO me-
2no (Normal Weight Obesity, NWO). NWO e gegu-
HupaHo kamo BMI £24,9 kg/m? u % FM Hag 20% npu
MbXe U Hag 30 % npu >KeHu, KAKMo e NpuAa2aHo om
gpyau uzcaregoBamenu (5).

MNpegBug mragama Bb3pacm Ha yuyacmuuuume,
apmepuaaHa xunepmoHua (AX) e gedpuHupaHa npu
CMOUHOCMU Ha CUCMOAHO apmepuasHO HaAazaHe
(CAH) >130 mmHg u/uAu guacmoAHO apmepuaAHo Ha-
AaeaHe (AAH) >85 mmHg, usnoazBanu 8 kpumepuume
Ha MexxgyHapogHa Auabemua Degepauyus (IDF) 3a me-
maboAumeH CUHgPOM, UAU NpUEmM Ha aHmMuxunepmeH-
3uBHu megukameHmu (6). Mo cbwama npuduHa Kamo
2PaHUYHU ca npeyu3upaHu CmMOUHOCMU Ha Aunugume,
uznoazBaHu om IDF. Aucaunugemusa e geduHupaHa
Kamo HaAu4yue Ha noHe eguH abHOPMEH oM CAegHU-
me 3 noka3ameAu Ha CmaHgapmHua AUNUGEH NaHeA:
Hucbk HDL-C (< 1,03/1,29 mmol/l), Bucoku TT (>1,7
mmol/l), Bucok LDL-C (> 3,36 mmol/l), uau HazHaueHa
MegukameHmo3Ha mepanua no noBog HapyweH Aunu-
geH memaboau3bm. [pu npeueHka Ha obwua xorecme-
poa u LDL-C kamo ¢pakmopu Ha memaboAumHua puck
ca npuaoxeHu cut-off cmoliHocmu om cbomBemHo
5,17 mmol/l (200 mg/dl) u 3,36 mmol/I (130 mg/dl) (7).
Kamo kocBeH nokazamea 3a noBuweHa amepozeHHa
dpakuua Ha LDL-C - mun B, e uznoa3Baro cbomHowe-
Huemo TI (mg/dl)/HDL-C (mg/dl) >3,8 (8).

Cmamucmuydeckama obpabomka e u3BbpweHa
C nomowma Ha cmamucmudecku nakem SPSS for
Windows, ver. 20.0. NpuAoykeHu ca: geckpunmuBeH
aHaau3 3a npegcmaBaHe Ha gaHHume; tkpumepud
Ha CmiogbHm u gucnepcuoHeH aHaau3 (ANOVA) 3a
cpaBHaBaHe Ha cpegHU CMOUHOCMU U OMHOCUMEAHU
ganoBe npu HopmaaHo paznpegeaeHue Ha u3Bagku-
me, KaKmo U HenapamempuueH kpumepud - U-kpu-
mepud Ha Mann-Whitney npu pa3audHo om Hopman-
HOMO paznpegeaeHue Ha kKoaudecmBeHume gaHHU;
KopeAauuoHeH aHaau3 (r-koepuuueHm Ha [MubpCHH,
KeHgaa 1-b koedpuyueHm). 3a cmamucmuyecku goc-
moBepHu ca npuemaHu pa3Auku, npu koumo p<0,05.

Pesyamamu

HagHnopmeHo mezao/3amascmaBane u noBu-
weHo KoauyecmBo Ha macmHama maca
CpegHume cmolHOCMuU Ha meAecHama maca ca
CXOgHU 3a usrama 2pyna Ha npexxuBeaume u KOH-
mpoaAHama 2pyna (p=0,23), HO Me2A0Mo Ha npexu-
Beaume mbike e no-Bucoko om moBa Ha mb>keme-

Endocrinologia vol. XXV N22/2020
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KoHmpoau (p=0,051). Pbcmbm Ha nauueHmume e
3HA4YUMO No-HUCHK (p=0,004) 3a cmemKka Ha NO-HUCbHK
pbcm npu AekyBanume >xeHu. [Mpu cpaBHeHue cbe
cbomBemHume koHmpoau, BMI, BMISDS, O6ukoaka-
ma Ha maauama (OT) u Z-score Ha OT ca cuzHugu-
KaHmMHo no-Bucoku npu npexxuBeAume mbike, HO He U
npu >xeHume ¢ OAA (Taba. 1). Mpu Bcuuku npexuBe-
AU (25,7416,08 kg/m?) u ocobeHo npu npexkuBeaume
mb>ke BMI e 8 epaHuuume Ha HT.

MayueHmume c¢ npoBegeHa KpaHuaAHa Abue-
mepanua (KA) umam no-Bucok BMI (25,67+5,66
kg/m?) om mo3u Ha AekyBaHume eguHcmBeHo ¢
XT (22,16%3,89 kg/m?), (p=0,03). lNpu obAbUEHU-
me ¢ Bucoka go3a (24 Gy) BMI (26,356,009 kg/m?
vs 24,03+5,05 kg/m?, p=0,177), SDSBMI (0,69+1,22
vs 0,58+0,94, p=0,73) u OT (87,03£17,68 cm vs
80,12£12,24 cm, p=0,126) ca no-Bucoku 6 cpaBHe-
Hue c AekyBaHume c no-maaka go3a uau 6e3 KA.

XpaHumeAHUsSM cmamyc Ha yyacmHuuyume, oue-
HeH upe3 BMI u FMI, e npegcmaBen Ha Queypa 1 u
ueypa 2. B koHmpoaHama 2pyna npoueHmMbmM Ha uH-
guBugu ¢ HopmaaHo mezao e gBolHo no-Bucok B cpab-
HeHue ¢ npexkuBeaume OAA. Pazaukama 6 omHocumen-
Hua gaA Ha uHguBugume ¢ HT/3amabcmaBaHe mexgy
gBeme 2pynu e cuzHugpukarHmua (p=0,005). AHaAu3bM
upe3 FMI nokazBa cxogeH npoueHm Ha u3caegBaHu ¢
HagHOPMeHO KoAudecmBo macmHa maca cpeg npexu-
Beaume OAA, Ho npu yBeauueH gaa Ha uHguBugume 6
Kameaopuume Ha AeKOMO U CPEgHO MEXKKOMO 3aMAbC-
maBane. B 2pynama Ha koHmpoaume e no-Bucok geabm
yyacmHuuu 6 kamezopuama ,gecpuyum® 3a cmemka Ha
HOPMAAHO Me2A0, oueHeHo yupe3 BMI.

EgHoBpemeHHomo omuumaxe Ha BMI u % FM
ycmanoBaBa normal weight obesity (NWO) npu
37,04% om aekyBaHume u npu 28% om KoHMpoAume
(p=0,49). To3u heHOMUN gOMUHUpPA CU2HUCPUKAHMHO
cpeg npexxuBeaume xeHu (57,14% cpewy 15,38%
npu mbxxeme, p=0,023) u e no-yecm 6 cpaBHeHue ¢
>keHume-koHmpoau (57,14% vs 33,33%, p=0,29). Npu
moBa, noroBuHama om aekyBaHume 3a OAA xeHu ¢
NWO ce npegcmaBam c BMI < 18,5 kg/m?.

AbcoaomHomo  koaudecmBo macmHa  maca
(22,85£10,61 kg vs 16,99+10,04 kg p=0,009), %
FM (35,9248,9% vs 25,80£12,26%, p=0,002), FMI
(8,90£3,58 kg/m2 vs 5,75%3,31 kg/m2, p=0,002) u
nepceHMuUAbM Ha macmHama maca (86,83+22,4 vs
59,84+35,63, p=0,003) ca 3Hauumo no-Bucoku 3a uasa-
ma 2pyna Ha npexkuBeaume OAA B8 cpaBHeHue ¢ KOH-
MpoAUME, Kamo pa3Aukama e ocobeHo noguepmaHa
npu mbxkeme. AekyBaHume 3a OAA mbxke umam gBou-
HO No-20AAMO KoAudecmBo macmHa maca (p=0,006),
% FM (p=0,002) u FMI (p=0,009) om BpbcmHuyume
cu. Makap u no-Bucoku, napamempume Ha MacmHama
maca npu xkeHume ¢ OAA He ce omauuaBam cbwecm-
BeHo om me3u Ha koHmpoaume (Que. 3).

IMNpoueHMbmM macmua maca 8 aHgpougHua u 8 2uHo-

UgHUA KOMNapmMuMeHMU e cuzHUgpUKaHMHo no-Bucok npu
npexkuBeaume mbxxe 68 cpaBHeHue ¢ KOHMpoAUMe-MbXKe
(pecnekmuBHo 41,29+10,05% vs 24,87+14,81%, p=0,006
u 37,49£8,19% vs 24,89+11,09%, p=0,003), kamo npe-
Baaupa aHgpougeH mun Ha HampynBaHe Ha macmHama
maca (A/G ratio 1,09£0,15 vs 0,94£0,21, p=0,05). INpu
06w no-Bucok % FM B agpougHua u 8 2uHougHUA KOM-
napmumeHmu, npu npexkuBeaume OAA eHu pa3npege-
AeHuemo ocmaBa NPonNopUUOHaAHO.

MauueHmume ¢ OAA, obavueHu c 24 Gy,
umam 3HadyumeaHo no-Bucoku % FM (40,2+7,26%
vs 32,8819,12%, p=0,01), abcoatomHo KoAaudecmBo
Ha macmHa maca (27,5£9,98 kg vs 21,0249,31 kg,
p=0,039) u FMI (10,043,52 kg/m? vs 7,78%3,36 kg/m?,
p=0,048) B cpaBreHue c anekyBaHume camo ¢ XT uAu
noayuuaume KA 6 no-Hucka go3a. [Npu max npoueHm-
HOMO pa3npegeAeHUe Ha macmHa maca 8 2uHougHua
(46,42+7,35% vs 40,1£8,77%, p=0,022) u 6 aHgpoug-
Hua (44,72+7,73% vs 37,19£11,16%, p=0,027) kom-
napmumeHmu ca no-8ucoku, Ho npu cxogHo A/G ratio.
OT npu npexuBeaume OAA KopeAupa noAOKUMEA-
HO U cuzHudpukaHmHo ¢ A/G ratio (r=0,802, p<0,001)
u BMI (r=0,962, p<0,001. lNponopyuoHarHama 3a-
Bucumocm mexxgy OT u A/G ratio ocmaBa 3Hauuma
(r=0,602, p=0,001) u npu KoHMpoAupaHe 3a BMI.

Aucaunugemusn

C Uu3KAOUEHUE HA CU2HUUKAHMHO NO-HUCHK
HDL-C (p=0,004), aekyBanume 3a OAA umam cxogHu
cepymHu HuBa Ha aunugu B8 cpaBHeHue ¢ KOHMPOAHa-
ma 2pyna. CpegHume cmouHocmu Ha HDL-C ca 3Ha-
Yumo no-Hucku u B epynume Ha npexkuBeaume mbxe
(p=0,035) u >xeHu (p=0,021) B cpaBHeHue cbe 3gpabu-
me um BpbcmHuyu. Mbxkeme ¢ OAA umam u noBuwe-
HU cmolHocmu Ha AnoAunonpomeuH B (102,66£27,0
mg/dl vs 84,29£23,21 mg/dl, p=0,07).

OmHocumeAHama yecmoma Ha OmMKAOHeHUaAMa
B AunugHua naHea npu ydacmuuuume e npegcmabe-
Ha Ha Queypa 4.

Aucaunugemus e Haauue npu 17/28 (60,71%) om
npexxuBeaume OAA cpewy 8/25 (32%) om koHmpo-
aume (p=0,037). Aucaunugemusama e no-yecma npu
moxxeme ¢ OAA (71,42% vs 38,46%, p=0,035), HO He
u npu >keHume (50% vs 25%, p=0,41) npu cbnocmab-
Ka cbC cbomBemHume KoHmMpoAu. MHoxxecmBeHu
omkAaoHeHuAa B8 napamempume Ha AUNUGHUA NaHeA ca
gBolHo no-yecmu npu nauueHmume B cpaBHeHue ¢
KoHmpoaume (25% vs 12%, p=0,14) u npeBaaupam
npu npexuBeaume MmbXe cnpamo npexuBeaume
eHu (50% vs 7,14%, p=0,039). CoomHoweHue TI/
HDL-C > 3,8 umam 21,4% om npexxuBeaume cpewy
8% om koHmpoaume (p=0,17).

IMNpu AekyBaHume ¢ KA nokazameaume Ha Aunug-
Hua naHea ca no-Bucoku, Ho He ce pa3audaBam 3Hauu-
Mo om me3u Ha AekyBaHume 6e3 o6abuBane. Yecmo-
mama Ha gucaunugemus (1 uau noBeue napamempu)
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Tabauya 1. AHmponomempuyHu nokazameau npu npexxuBeaume OAA 6 cpaBHeHue ¢ KOHMpPoAU

MpexuBeau Konmpoau p MpexuBeau Konmpoau p

mobxe (n=14) | mbxe (n=13) XeHu (n=14) | xeHu (n=12)
Teano (kg) 88,01 (20,3) 74,7 (12,1) | 0,051 57,9 (13,9) 58,3 (10,4) 0,95
Pvbcm (cm) 173,8 (8,0) 177,9(7,3) | 0,170 160,2 (4,9) 165,9 (5,1) 0,008
BMI (kg/m? 28,9 (5,2) 23,6 (3,3) 0,004 22,5 (5,2) 21,1 (3,2) 0,40
SDSBMI 0,50 (1,03) 0,50 (0,69) | 0,007 0,15 (1,19) 0,18 (0,73) 0,40
OT (cm) 95,5 (14,8) 83,1(89) |0,015 74,1 (11,0) 72,5 (10,6) 0,71
OT )Zscore) | 0,42 (1,08) 0,42 (0,73) | 0,027 0,07 (1,03) 0,08 (0,99) 0,71

* Mokazameaume ca npegcmabBeru kamo cpegHa cmodHocm (SD)

68,00%

32,14% 32,14%

14,28% 16,00%

12,00%

npexkuBeau OAA

. koHmpoau

14,28%

7,16%
4,00%

- 0% 0% 0%

nogHopmeHo T HopMaAHo T

HagHopmeHo T

3amabcmaBaHe  3amabcmaBane
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3amAbcmsaBane
| cmeneH

PaznpegeaeHue Ha yyacmHuuume cnopeg HympumuBHua cmamyc, oueHeH upe3 BMI

6 me3u cayvau e cbwo cbnocmabuma.

I'loxa3ameAu Ha 2AI0KO3Hama xomeocma3ia u
6v3naaumeanama akmuBrocm

MokazameAume Ha 2AtOKO3HUA MemaboAU3bM He ce
pazaudaBam mexkgy npexkuBeaume u KOHMPOAUME, Kak-
mo u npu aHaau3 6 3aBucumocm om noaa. EguH nayueHm
npoBeXkga UHCYAUHOAEUEHUE 3aampOo2eHeH 3axapeH gu-
abem. HuBama Ha CRP cbwo He nokazBam 3Hauumu
pazAudua mexgy 2pynume, makap ve ¢ Bb3znaaumenHa
akmuBrocm (CRP >3 mg/l) ce npegcmaBam 17,9% om
nauueHmume cpewy 8% om koHmpoaume (p=0,29).

lMoBuweHo apmepuarHo HarazaHe
Tpuma om npexxuBeaume OAA (10,7%), Bcuuku-

me muxke (21,4% om mbxkeme 6 cepuama) umam no-
Buwerno CAH/AAH. CpegHomo AH npu nauueHmu-
me e no-Bucoko, Kamo pazAukama C KoHmMpoaume
e cuzHudukaHmHa (p=0,05). AekyBaHume 3a OAA
MbXKe umam 3Hayumo no-Bucoku cmotHocmu Ha CAH
(p=0,004) u cpegHo AH (p=0,027) 8 cpaBHeHue ¢ Ae-
kyBanume >xeHu. Mbxeme ¢ OAA umam cuz2Huu-
KaHmHo no-Bucoku cmouHocmu Ha CAH 8 cpaBHeHue
c mbXkeme-koHmpoAau (119,0£8,5 mmHg vs 111,916,1
mmHg, p=0,021) u noBuweHo cpegHo AH (89,9+10,9
mmHg vs 83,4+4,9 mmHg, p=0,057).

ConocmaBkama Ha >xeHume ¢ OAA u >XeHu-
me-KOHMpPOoAU He noka3zBa cbwecmBera pazauka 6
nokazameaume Ha AH.
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npexxuBeau OAA

. koHmpoau

17,85% 17,85%
14,28% 16%
8% 8%
obw, xonecmepon HDL-C <1,03/1,29 LDL-C >3,36 7 >1,7 mmol/I
>5,17 mmol/I mmol/I* mmol/|

*_ CueHudpukaHmHa pa3auka c KOHmMpoAHama 2pyna (p=0,007)

Au3zalH Ha npoyuBaHemo.

ObcvkgaHne

AHaAu3zbmM Ha Hawama cepua ycmaHoBaBa ouak-
BaHo no-Bucok npoueHm HT u 3amabcmaBare npu
npe>kuBeaume OAA 6 cpaBHerue cbe 3gpaBume um
BpbcmHuyu. Ha cxogHa Bb3pacm, 3amabcmaBane
umam 17% om npexuBeaume OAA 6 cepuama Ha
Garmey et al., kamo npoueHmbm HapacmBa go 31,7%
OKOAO 32™ 2oguHa Ha yyacmuuuume (9). B no-paHHo
uzcaegBarHe yvecmomama Ha 3amabvcmaBare e 31,3%
6 Hauaromo Ha mpemama gekaga om >uBoma Ha
yyacmHuyume u gocmuea 42,8% okoao 30-ma um 20-
guHa (7). Apyau aBmopu gokaagBam HT/3amabcma-
BaHe c no-Hucka yecmoma. B cbBpemeHHa cepua om
75 ioHowu u maagu Bb3pacmHu (cp. Bb3pacm 21,2 2.),
AekyBaHu cnopeg akmyaaed DFCI npomokoa, HT ce
cpewa 6 30%, a HemopbugHo 3amabcmabBaHe - camo
6 8% (10). Belle et al. He omkpuBam pazauka 6 yecmo-
mama Ha HT/3amabcmaBane caeg aeuerue 3a OAA 6
cpaBHeHue ¢ obwama wbBelduapcka nonyaauua (11).
Bb3moxxHo e BAuaHue Ha 2eHemMuYHU pakmMopu, HO U
Ha pazAudHume guema u uzudvecka akmuBHocm 6
pe2uoHU C KYAMYpPaAHU pazaudus.

3a paszauka om no-decmume 3akalodeHua 6 Au-
mepamypama 3a OMKAOHeHUA npu >eHu, B Hawama
cepua HT u 3amabcmaBane npeBaaupam npu mbykkua
noA. HezaBucumo om npeobaagaBawuna gaa >keHu
cpeg obabueHume c go3a 24 Gy, Hue He omkpuBame
onucaHama om Oeffinger et al. Bucoka yecmoma Ha
o6e3umem u noBuweH kapguoBackyrapeH puck npu
>keHume caeg Bucoka goza KA (12). ToBa Bepoamto

e pe3yamam om no-zoramama Bb3pacm npu 06AbY-
Batemo Ha Hawume nauueHmu. [pu Aunca Ha Cb-
wecmBeHa pa3auka mexgy npexkueaume om MbXKKU
U OmM >KEHCKU NOA NO omHoweHue Ha Bb3pacm npu
guazHo3zama, mepaneBmuuHu Bb3gedcmBua u a-
MUAHa ob6pemeHeHOCM CbC 3amabcmaBaHe, mbxxeme
6 cepuama umam cpegeH BMI 8 cmolHocmu, 2paHu-
Yyewu cbe 3amabcmaBaHe u maHugpecmHo yBeauvueHo
KoaudecmBo macmHa maca 6 cpaBHeHue ¢ omKAOHe-
Huama, ycmaxoBeHu npu aekyBaHume xeHu. [Mogob-
HU ca HabAlogeHuama B Hakou no-HoBu u3zcaegBaHusn
(13). Pesyamamume om ckopoweH aHaAu3 Ha cpab-
HUMEAHO 20AaMa cepua om eguH ueHmbp B MNMoawa
nokazBam cuzHupukaHmHo no-Bucoka yecmoma Ha
HT/3amabcmaBare npu mbXkeme, caeg AeyeHue 3a
OAA u aumcpomu. (14). Bucokama yecmoma Ha HT/
3amabcmaBarde npu npexxuBeaume OAA mbxke He
Moxe ga 6bge obacHeHa u3zuaro ¢ npoBegeHomo Ae-
yeHue. Bb3moxkeH apaymeHm e o6cb)kgaHama om He-
kou aBmopu noBuweHa uyybcmBumeaHocm Ha MbXx-
KUA NOA CNPAMO 2AIOKOKOPpMUKOUgHa mepanus.
3amabcmaBatemo camo no cebe cu npegonpe-
geAa puck 3a cbpgeuHo-cbgoBa 3a6oasemocm, HO me-
maboAumHama gucpeayrauua e cBvpzaHa Hal-Beue
cueHmpaaeH (Bucueparer) obesumem (15,16), kakBu-
Mo ca u Hawume pe3yamamu. NogobHu ca HabAloge-
Huama Ha Miller et al. 3a koxopma om 170 AekyBaru
6 gemcmBomo nayueHmu cbc 3a0kavecmBeru 3abo-
AaBaHua. Ha cxogHa Bb3pacm u npu cxogHa npogba-
»kKumeaHocm Ha npocaegaBaHemo, mbxxeme 6 ma3zu
2pyna umam no-Bucoku % FM u macmua maca Ha mop-
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ca (p=0,007 u p=0,008, pecnekmuBHo), Kakmo u obwy
xorecmepoA, LDL-C u TT 8 cpaBHeHue ¢ koHmpoaume
(17). OmHoBo muxkeme, aekyBaHu 8 gemcmBomo 3a
OAA u nognroxkeHu Ha KA, ce npegcmaBam ¢ no-2oaa-
Mo koaudecmBo BucuepasHa macmHa maca u ¢ abHop-
MeH AunugeH npodpua 6 cpaBHeHue ¢ me3u 6e3 KA u 6
cmyguama Ha Jarfeld et al. (13). MNMpu mbxeme 6 Ha-
wama cepusa OT KopeAaupa CUAHO U CU2HUUKAHMHO
¢ A/G ratio u ¢ BMI, nogobHo Ha HabaogaBatomo 6
obwama nonyaauusa. 3a pazauka om msx, 20AaMa Yyacm
om AekyBaHume >xeHu (57,14%) ¢ noBuweHo koaude-
cmBo macmHa maca U peaaeH puck 3a CbpgeyHo-Cbgo-
Ba 3ab6oasemocm, ocmaBam ,ckpumu” 3ag HOPMAAEH,
gopu Hucbk BMI. M3caegBaHemo Ha meaecHama Kom-
no3uyua npu max ycmanoBaBa u noHU>KeHa MYcKyAaHa
maca, koemo 6 nepcnekmuBa moxe ga Baowu 2AOKO-
3HUA MoAepaHC U ga yBeAaudu gonbAHUMEAHO mMema-
6oAaumHua puck. bpoam Ha npexxuBeaume 8 Hawama
cepua go momeHma e mBbpge maabk, 32 ga ce aHaAu-
3upa Yecmomama Ha gucAunugemus u abgomuHaAHO
3amabvecmaBare npu unguBugume ¢ NWO, Ho puckbm
3a memaboaumeH cuHgpom B me3u caydau e oKoao 4
nbmu no-Bucok B cpaBHerue ¢ uHguBugu ¢ HopmaaeH
% FM u HopmaaHO mezao, ocobeHo npu >xeHume (5).

MNopagu Bucokua puck om XpoHUYHa namoAo2un
npu npexkuBeaume OAA, HenpaBuaHa oueHka Ha HT u
3amabecmaBaHemo moxke ga ocyemu agekBamHu me-
guuuHcku cbBemu npegBug Hacmoawume u 6bgewu
3gpaBHu puckoBe, kakmo u uHmepBeHyuu, Kacaewu
guemama u cu3udyeckama akmuBHocm. Aupekm-
Homo u3zmepBaHe Ha macmHama maca gaBa no-acHa
npegcmaBa 3a memaboAumHuUA PUCK U MOXKe NO-MOY-
Ho ga HanpaBasBa npeBanmuBHume cmpameauu.
Bce owe obave Hama KOHCEHCYC OMHOCHO MOYHUMe
epaHuuu Ha 3gpaBocaoBHomo koaudecmBo macmHa
maca 6 opeaHu3zma, Hag KOUMO Ce omyuma U3AUWBbK
Ha mazHuHuU. [pegaoxkeHu ca cbobpazeHu ¢ Bb3pacm
U NOA 2paHuuuU, kKamo apbumpaxHume cmolHocmu
Bapupam mexgy 20-25% FM 3a mbxkeme u 30-37%
FM 3a >xeHume (18). Camume me obaue, npu nonyaa-
uuoHHume u3caegBarua ca uzpabomeHu Ha 6a3za BMI,
Koemo He e gobpa omnpaBHa mouka. Pazauuuama 6
yecmomama Ha 3amabcmaBaHe, onpegeaeHo upes3
BMI u upe3 %FM npu DEXA ca 86 mBbpge wupok gu-
ana3zoH Kakmo npu obwononyaauuoHHu (19), maka u
npu npoyuBanun, kacaewu npexkuBeaume OAA (20).
FMI ce oka3zBa no-ygayeH 3a npeyusupaHe Ha KoAuYe-
cmBomo macmHa maca u MoXe ga npekaacuguuupa
nauueHmume B cybkamezopuume Ha 3amabcmaba-
He, BkAlouumeaHo B Hawemo u3zcaegBaHe.

CaegBa ga ce uma npegBug obaue, ye npu uzpa-
3a8aHe Ha macmHama maca kKamo uHgekc, BausaHue
okazBa u nomeHyuaAHa UHgYUUpaHa om mepanuama
npomaHa 6 pbcma, kakBamo ombeanzBame npu >xe-
Hume B cepuama Hu. Bcuuko moBa ouepmaBa mpyg-
HOCMUMe NPU MoYHama npeygHka Ha HympumuBHua

cmamyc, 0cobeHO Npu HAKOU 2pynu cpeg mazu cheuu-
¢puuHa nonyaauua. OnpegeasHemo Ha NOGXOgawu Me-
mogu, MoYHU Kpumepuu u BaaugupaHu pedgepeHmHu
cmouHocmu Bce owe e obekm Ha uzcaegBaHus.

YbegeHu cme, ve DEXA uma HegBycmucaeHu
npegumcmBa npeg BMI kakmo npu komnaekcHama
oueHka Ha memaboAumHua puck, maka u 3a uHguBu-
gyaausupaHe Ha nogxoga kKbm HezoBomo cHuxaBane
npu npexxuBeaume OAA. Bb3moxkHocmma 3a ueao-
MEeAECHO U Pe2UOHAaAHO OMYUMaHe Ha aguno3umema
B cbuemarue ¢ gupekmHo uzmepBaHe Ha MYCKyAHa-
ma maca npugaBa HoBu PyHKUUOHAAHU U3MepeHua Ha
mo3u puck. M3caegBaHuama Ha meaecHama Komno-
3uuua cpeg AekyBaHume 3a maauzHeHa xemonamuafB
gemcmBomo odepmaBam npu max meHgeHuua 3a
capKkoneHu4YHo 3amabcmabBaHe owe om paHHama um
3parocm (21). To3u ¢peHomun cbuemaBa memabo-
AUMHUME eeKmu Ha HamareHama MYCKyAHa maca
(no-uzpazeHu npu maagu Bb3pacmHu, OMKOAKOMO
6 cmapocmma) ¢ edexkma Ha memaboAaumHama
gucyHkuua npu 3amabcmaBade 6 KoHmekcma Ha
noHeceHama mepanua. B Hakou npoyuBaHua Hucka
MycKyAaHa maca 8 cvbuemarue ¢ noBuweHa macmHa
maca ce oka3zBa no-macHo cBbp3aHa ¢ uHcyauHoBa
pe3ucmeHmMHoOCm, OMKOAKOMO 3amabcmaBaHemo
camo no cebe cu (22, 23). CaegoBameaHo npu UHgU-
Bugume B gbazompaldHa pemucua e HaAuue He Camo
agumuBeH, HO U cuHepauveH ecpekm Ha BucuepaaHusa
aguno3umem U Ha HamaAaeHama MyckyaHa maca Bop-
Xy memaboAumHama xomeocmasa, uHcyauHoBama
pesucmenmuocm u B kpatHa cmemka 8bpxy cbpgeu-
Ho-cbgoBama namoaozus. MiguBugyasHama xapakme-
pucmuka Ha meaecHama KOMNO3uuus, NOAYYeHa Ha
6azama Ha DEXA, uma u npegumcmBomo 3a no-npe-
Uu3HO opueHmupaHe Ha uHmepBeHuuume, Haco4eHu
KbM pegykuyua Ha macmHama maca u/uau yBeauuerue
Ha Myckyaamypama u MyckyaHama cuaa (24).

B aumepamypama cbwecmByBam onucaHua Ha
nogobeH Ha ycmaHoBeHua B8 Hawama cepua dpeHomun
Ha amepozeHHa gucaunugemua. AemadAeH aHaAu3 Ha
nokazameaAume Ha AunugHua naHea cpeg 80 uHguBu-
gu c OAA (25), omkpuBa gucaunugemua npu 50% om
u3zcaegBaHume, HezaBucumo om Bb3pacmma u noaa.
Mpu moBa, Bv3pacmoBama xapakmepucmuka, nepu-
ogbm Ha npocaegaBaHe u BMI Ha npexxuBeaume ca
MHO20 CXOgHU C napamempume 6 Hacmoawama ce-
pus, a gepuHuyuama 3a gucaunugemun u u3znoasBa-
Hume cut-off cmodHocmu ca ugeHmMu4HuU.

Hacmoswomo u3caegBaHe ycmanoBaBa no-
Buwen moBap om dakmopu 3a CbpgeyHo-CbgoB
puckcpeg npexuBeaume OAA 8 cpaBHeHue cbe
3gpaBume um BpbcmHuyu, ocobeHo cpeg mbikeme.
ApmepuaaHa xunepmoHusa u HapyweHusa 6 2Al0Ko3Ha-
ma xomeocmasa/3axapeH guabem ca OMHOCUMEAHO
no-pegku. Hat-8BepoamHa npuyunHa e maakuam 6pou
yyacmHuyu 6 Hawama cepua U OMHOCUMEAHO MAa-
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gama um Bb3pacm. B 2zoAama 2epmaHcka koxopma om
951 uHguBugu, oueHeHu Ha cpegHa Bb3pacm 34 2. u
cpegHo 28,4 2. caeg guazHo3zama, Faber et al. ycma-
HoBaBam npu npexkuBeaume peaamuBeH puck 3a AX
om 1,38, a 3a gucaunugemua - 1,26 (26). Aucaunu-
gemuama u AX ca 3HadumeAaHo no-yecmu u 6 maszu
cepua npu npexxuBeaume mbxe 6 cpaBHeHue c Ae-
kyBaHume >xeHu, kamo HacmbnBam cvomBemHo 6
u 8 2. no-paHo, omkoakomo 6 obwama nonyaauus.
OueBugHa e Heobxogumocmma om paHHa, peayaap-
Ha u BHuMameAHa OoueHKa Ha AuNugHUA NPOCOUA, na-
pamempume Ha 2Al0KO3Hama xomeocmasza, CAH u
AAH u cBoeBpemerHa mepaneBmuuHa Hameca npu
AekyBaHume 3a maauzHeHa xemonamus, ocobeHo npu
mbxeme. Aokamo 8 obwama nonyaauyus ocHoBeH
hakmop 3a kKapguomemaboAUMEH PUCK € 3aMmAbCMS-
Batemo, npu nayueHmMuUMe C MaAu2HeHa xemonamus
mepaneBmuuHama ekcno3uyusa cama no cebe cu oby-
craBa gucgyHkuua Ha macmHama mbkaH, HezaBucu-
MO om obwomo U koaudecmBo. B nogkpena Ha moBa
ca pesyamamume Ha Giordani et al., koumo o6exkmu-
Buzupam cpegHo 28 mec. caeg Kpasa Ha mepanuama
eHgomeAHa guciyHkuua, koamo nepcucmupa 606
Bpememo u He ce Bause om uHmeH3uMema Ha Ae-
yeHuemo (27). MumepeceH npumep ca AekyBaHume
C MpaHchAaHmMauuoHHU pexkumu, BkaouBawu ue-
AomeaecHo obabuBaHe, koumo pazBuBam Hebaa-
2onpuameH memaboAumeH npoua, Ho Hamam HT/

v CBo60gHO gocmbneH calim, npegaazauy uguepnameAHa
uHpopmayua 6b6 Bcuuku obAacmu HA KAUHUYHAMA
€HJOKpPUHOAO2UA, npegocmaBeHa om ekun 6ogewu

3amabemaBane. Te ce npegcmaBam ¢ npomereH (e-
HOMUN Ha MeAecHa KOMNO3uuua - HamaAaeHa Myc-
KyaHa maca u noBuweH BucuepareH agunozumem,
Ho 6e3 yBeauuena OT u npoaBaBam BvbznarumesHa
akmuBrocm ¢ noBuwenu CRP u AeNnmuH Npu HUCHK
agunoHekmuH (28).

B 3akaroueHue, HT/3amabcmaBane, abgomuHa-
AEH aguno3umem U gucAunugemuna ca Hald-yecmume
pakmopu Ha KapguomemaboAUmMHUA PUCK Npu Ae-
kyBanHume 3a OAA u ca Haauue owe 6 paHHama um
3parocm. OcobeHo 3acez2Hamu ca mbXkeme U AeKy-
BaHume cnopeg no-paHHU NPOMOKOAU, a cAaegoBa-
meAHO U ¢ no-uHmeH3zuBHa mepanus, BkaloHUMEAHO
KA. TpogbAakxumeAHama ekcno3uuua MoXke camo ga
3agbAbOYU npomeHume u ga yBeauuu gbA20CpOUHUA
memaboaumeH u cbpgeuHo-cbgoB puck. PymuHHo-
MO MOHUMOpUPaHe Ha AunugHama obmaHa u azpecu-
BeH KOHMpPOA Ha mMemaboAumHUME OMKAOHEHUA ca
3agbAKUMeEAHU Npu navueHmume 6 gba2compalHa
pemucus. MNo-wupokomo uznoa3zBaHe Ha DEXA 3a u3z-
mepBaHe Ha MacmHama maca u 3a aHaAu3 Ha meAecHa-
ma Komno3uyua Npu mazu puckoBa maaga nonyaauua
uma b6e3cnopHu npegumcmBa 3a ugeHmudguuupaHe
Ha 3acmpaweHume uHguBugu u 3a uHguBugyaauzu-
paHe Ha mepaneBmuyHume cmpameauu. HeHomo
Bce no-WupoKo KAUHUYHO npuAoxkeHue B bbgewe e

HEeOMMeEHUMO.
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The aim of this study was to assess some of the modifiable factors of cardiometabolic risk in long-term survi-
vors of childhood acute lymphoblastic leukemia (ALL).

Patients and methods: We compared 28 long-term survivors, aged 18-32 (mean age 24,8%4,2 years), mean
follow-up 13,54,2 years (5 - 25 years) to 25 age- and sex-matched healthy controls. We performed anthropomet-
ric, biochemical, hormonal, and total body Dual-energy X-ray Absorptiometry (DEXA) examinations.

Results: Overweight/obesity and dyslipidemia were more frequent among ALL survivors compared to healthy
controls (53,58% vs 20%, p=0,005, and 60,71% vs 32%, p=0,037, respectively). Among former patients, 57,14%
of women and 15, 38% of men had normal weight obesity (NWO) (p=0,023). Survivors, especially men, also had
a higher fat mass (FM) (p=0,009), percent of FM (% FM) (p=0,002), and FMI (p=0,002) than controls (for men:
p=0,006, p=0,002 and p=0,009, respectively). Patients with high-dose cranial radiotherapy (CR) had higher FM
(0,039), % FM (0,01) and FMI (0,048) than those treated with low-dose or without CR. Male survivors had signifi-
cantly higher waist circumference (p=0,015) and AG ratio (p=0,05) than male controls. Multiple lipid abnormalities
were more frequent among male survivors compared to female survivors (50% vs 7,14%, p=0,039). Male survivors
also had higher systolic BP and mean BP than female survivors (p=0,004 and p=0,027) and male controls (p=0,021
and p=0,057, respectively).

Conclusion: Overweight /obesity, excess body fat, abdominal adiposity and dyslipidemia outline the risk of
cardiometabolic disease in young adult survivors of childhood ALL, especially in men and in patients with intensive
therapy. Routine monitoring of metabolic abnormalities and body composition analysis through DEXA can help
identify those in risk early and help orient the preventive strategies.

Key words: cardiometabolic disease, DEXA, dyslipidemia, acute lymphoblastic leukemia, long-term remission

Introduction

As a result of successful contemporary treatment,
survivors of acute lymphoblastic leukemia (ALL) are
the largest and continuously growing group of patients
treated for childhood malignancies. Nevertheless, these

young adults run a real and progressively growing
risk of a severe, socially significant pathology. Carried
out at an early age, treatments such as chemotherapy
(CT), glucocorticoids, and cranial radiotherapy (CRT)
produce a wide range of late effects. Among the most
common health risks are an early onset of overweight/
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obesity, cardiovascular disease, and metabolic syn-
drome (MS) (1). latrogenic impairment in survivors is
conducive to morbidity levels much higher than those
of healthy peers as well as to mortality levels exceeding
those caused by recurrence and second neoplasms (2).

This study seeks to evaluate the cardiometabolic
risk variables of a pilot group of survivors in long-term
remission of successfully-treated childhood acute lym-
phoblastic leukemia.

Patients and Methods

The study sample comprises 28 patients (14 men
and 14 women) between 18 and 32 years of age
(mean age 24,8%4,2 years) who were in remission for
> 5 years following the completion of treatment. All of
them were diagnosed and treated in accordance with
current (at the time of diagnosis) therapeutic ALL pro-
tocols (Dana Farber Cancer Institute (DFCI) ALL Con-
sortium protocol 87-01, BFM 1998, ALL IC-BFM 2002)
before they turned 18 years of age at the Clinic of Pe-
diatric Hematology and Oncology between 1989 and
2011. Data about initial disease characteristics and ap-
plied treatment were extracted from patients' medical
files. The average age at diagnosis was 8,8+4,8 years.
35,7% of all patients were classified as high-risk. The
mean follow-up period after treatment completion was
13,5+4,2 years (5-25 years). The majority of patients
(89,3%) received a combination of CT and CRT, while
the remaining three patients (10,7%) only received CT.
Four patients (14,3%) were treated for relapse: three of
them with conventional CT and one with a myeloab-
lative CT followed by a hematopoietic stem cell trans-
plantation. Sixteen patients were treated according to
the DFCI protocol (57,1%) and 12 (42,9%) - according
to the BFM protocols (p=0,712). The mean dose of CRT
was 17,6 Gy (12-24 Gy). The proportion of patients
who received CRT does not differ by sex; 9 (64,3%)
female participants and 5 (35,7%) male participants
were irradiated with 24 Gy (p=0,141). The cumulative
doses of glucocorticoids, anthracyclines, and CRT did
not significantly differ between male and female ALL
survivors (p=0,223, p=0,745, and p=0,172, respective-
ly); nor did the age at diagnosis (p=0,738) and the age
at evaluation (p=0,561). The control group, which in-
cluded 25 age- and sex-matched healthy individuals,
was comprised of survivors’ siblings, medical students,
physicians, and acquaintances of the medical staff.

An earlier publication describes the protocol for
anthropometry and arterial pressure (AP) measurement
in detail (3). After the participants spent 12 hours fasting
overnight, we collected blood samples for biochemical
and hormonal tests - blood glucose (BG), glycated he-
moglobin, total cholesterol, HDL-cholesterol (HDL-C),
LDL-cholesterol (LDL-C), triglycerides (TG), apolipo-
protein B, C-reactive protein (CRP), insulin and insulin
growth factor-1 (IGF-1). We calculated HOMA-IR by

the formula: HOMA-IR = [BG (mmol/l x insulin (ulU/
ml)]: 22,5. We fielded a questionnaire and carried out
interviews to collect data about the health and medi-
cation intake of the participants. None of the survivors
had growth hormone replacement therapy.

All participants received a whole-body evaluation
using Dual Energy X-ray Absorptiometry (DEXA) - Lu-
nar Prodigy. We used the fat mass parameters calculat-
ed by the device: Total Body % Fat, Fat mass (FM) (g),
Android % Fat, Gynoid % Fat, Android/Gynoid Ratio
(A/G ratio), and the device-generated age- and sex-stan-
dardized Fat Mass Centile - the USA (Lunar) Total
Body Reference Population (v112). The Total Body %
Fat measures fat mass as a share of the sum of total
body fat and muscle mass and bone mineral content.
We used the Fat Mass Index (FMI, kg/m?) in an effort to
neutralize the body size effect.

The nutritional status of the participants was
evaluated based on the WHO classification system:
underweight (BMI<18,5 kg/m?), normal weight (BMI
18,5-24,99 kg/m?), overweight (BMI 25-29,99 kg/m?),
obesity class | (BMI 30-34,99 kg/m?), obesity class Il
(BMI 35-39,99 kg/m?), and obesity class 1ll (BMI > 40
kg/m?). The nutritional status was also assessed based
on individual FMI (DEXA) using Kelly et al.’s classifica-
tion (4). This classification was adapted and reduced to
the following categories: fat deficit (FMI < 3 kg/m? for
men and FMI < 5 kg/m2 for women), normal FMI (FMI
3 - 6 kg/m? for men and FMI 5 - 9 kg/m? for women),
excess fat (FMI > 6-9 kg/m? for men and FMI > 9-13 kg/
m? for women), obesity class | (FMI > 9 - 12 kg/m? for
men and FMI > 13-17 kg/m? for women), obesity class
Il (FMI > 12-15 kg/m? for men and FMI > 17-21 kg/m?
for women), and obesity class lll (FMI > 15 kg/m2 for
men and FMI > 21 kg/m? for women).

Individuals with normal weight obesity (NWO)
were identified based on their BMI and % FM. Follow-
ing other studies (5), NWO was defined as BMI < 24,9
kg/m? and % FM > 20% for men and > 30% in women.

Given the young age of the participants, arterial
hypertension (AH) was defined at systolic blood pres-
sure (SBP) values > 130 mm Hg and/or diastolic pres-
sure (DBP) values > 85 mm Hg (in accordance with
the International Diabetic Federation’s metabolic syn-
drome criteria) or in case of antihypertensive treatment
(6). We used the IDF's cut-off values for abnormal
HDL-C, LDL-C and TG. Dyslipidemia is defined when at
least one of the following three lipid profile indicators
assumes an abnormal value: low HDL-C (< 1,03/1,29
mmol/l), high triglycerides (= 1,7 mmol/l), or high
LDL-C (= 3,36 mmol/l), or if the participant received
lipid-lowering medication. Cholesterol values > 5,17
mmol/l (200 mg/dl) and LDL-C values > 3,36 mmol/I
(130 mg/dl) were defined as metabolic risk factors (7).
We used TG (mg/dl)/HDL-C (mg/dl) ratio > 3,8 as an
indirect indicator of the atherogenic LDL-C type B.
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We conducted the quantitative analysis with SPPS
v. 20.0 for Windows. Below, we present descriptive sta-
tistics, Student’s t-scores, ANOVA dispersion analyses
for mean comparisons and relative shares assuming a
normal distribution, Mann-Whitney’s non-parametric U
test for non-normal data distributions, and correlation
analyses (Pearson’s r and Kendall’s t-b coefficient). We
set the level of significance at p<0,05.

Results

Overweight/obesity and increased fat mass

There was no statistically significant difference be-
tween the average weight of the survivors or the con-
trols (p=0,23), but male the weight of the male survivors
was higher than that of the male controls (p=0,051).
The height of the survivors was significantly lower
(p=0,004); female survivors had the lowest average
height in the entire sample. The BMI, SDSBMI, waist
circumference (WC), and WC Z-scores of the male sur-
vivors were significantly higher than those of their con-
trol counterparts; this was not the case for female ALL
survivors (Table 7). The mean BMI (25,74+6,08 kg/m?)
of the survivors, especially that of male survivors, fell
within the overweight category.

Patients treated with CRT had a higher BMI than
patients who only received CT (25,67+5,66 kg/m? vs
22,16£3,89 kg/m?, p=0,03). Similarly, patients treated
with high dose CRT (24 Gy) presented with higher BMI
(26,35£6,09 kg/m? vs 24,03t£5,05 kg/m? p=0,177),
SDSBMI (0,69%1,22 vs 0,58+0,94, p=0,73) and WC
(87,03£17,68 cm vs 80,12£12,24 cm, p=0,126) than
those treated with lower-dose or no CRT.

Figure 1 and Figure 2 present the nutritional status
of the participants, measured with their BMI and FMI.
The share of individuals with normal weight was twice
as high in the control group than in the survivors group.
The difference between the two groups’ relative shares
of overweight/obese individuals was statistically sig-
nificant (p=0,005). The FMI analysis revealed a similar
share of ALL survivors with excess fat, but a higher num-
ber of survivors with mild and moderate obesity. The
proportion of individuals with a ,fat deficit’” measured
by FMI is higher in the control group at the expense of
the ,normal weight” category assessed by BMI.

37,04% of ALL survivors and 28% of controls
presented with normal weight obesity (NWQO). This
phenotype was statistically significantly more preva-
lent among female survivors than among male survi-
vors (57,14% vs 15,38%, p=0,023) or female controls
(57,14% vs 33,33%, p=0,29). Half of female ALL survi-
vors with NWO had BMI < 18,5 kg/m?.

The fat mass of ALL survivors (22,85+£10,61 kg
vs 16,99+10,04 kg, p=0,009), % FM (35,9248,9% vs
25,80+12,26%, p=0,002), FMI (8,90£3,58 kg/m? vs
5,75%3,31 kg/m?, p=0,002), and Fat Mass Centile

(86,831£22,4 vs 59,84+35,63, p=0,003) were signifi-
cantly higher than that of the controls. This difference
was highly pronounced among men. Male ALL survi-
vors had twice the fat mass (p=0,006), % FM (p=0,002),
and FMI (p=0,009) of their peers. Albeit higher, the fat
mass parameters of female ALL survivors did not sig-
nificantly differ from the parameters of corresponding
controls (Figure 3).

Male ALL survivors also exhibited higher An-
droid % Fat and Gynoid % Fat compared to sex-
matched controls (41,29£10,05% vs 24,87+14,81%,
p=0,006 and 37,49%8,19% vs 24,89+11,09%,
p=0,003, respectively), and were more likely to
have an android type of fat distribution (A/G ratio
1,09£0,15 vs 0,94£0,21, p=0,05). Female ALL sur-
vivors had higher Android % Fat and Gynoid % Fat
but their fat mass' distribution was proportional.

ALL survivors who received 24 Gy of CTR had sig-
nificantly higher % FM (40.2+7,26% vs 32,88+9,12%,
p=0,01), fat mass (27,5£9,98 kg vs 21,0249,31 kg,
p=0,039), and FMI (10,0%3,52 kg/m? vs 7,78+3,36 kg/
m?, p=0,048) than those who only received CT or who
received a lower CRT dose. They also had a higher Gy-
noid % Fat (46,42£7,35% vs 40,1+8,77%, p=0,022)
and Android % Fat (44,72+7,73% vs 37,19£11,16%,
p=0,027) at similar A/G ratios.

Waist circumference was positively and significant-
ly correlated with A/G ratios (r=0,802, p<0,001) and
BMI (r=0,962, p<0,001) in ALL survivors. The correla-
tion between survivors’ WC and A/G ratio remained
significant (r=0,602, p=0,001) even after BMI was con-
trolled for.

Dyslipidemia

Total cholesterol, LDL-C and TG levels did not dif-
fer between patients and controls. However, ALL sur-
vivors had significantly lower HDL-C values (p=0.004).
The average HDL-C values of male and female survi-
vors were also significantly lower than those of their
healthy peers (p=0,035 and p=0,021, respectively).
Male ALL survivors had higher levels of apolipoprotein
B (102,66+27,0 mg/dl vs 84,29+23,21 mg/dl, p=0,07).
Figure 4 shows the relative frequency of lipid abnormal-
ities in all participants.

Seventeen out of 28 (60,71%) ALL survivors pre-
sented with dyslipidemia compared to 8 out of 25 (32%)
controls (p=0,037). Dyslipidemia was more common
in male ALL survivors than in male controls (71,42%
vs 38,46%, p=0,035). There was no significant differ-
ence in the proportion of individuals with dyslipidemia
across female survivors and female controls (50% vs
25%, p=0,41). Multiple lipid abnormalities were twice
as common in survivors than in controls (25% vs 12%,
p=0,14) and prevailed among male, rather than female,
survivors (50% vs 7,14%, p=0,039). 21,4% of survivors
and only 8% of controls had a TG/HDL-C ratio > 3,8.
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Table 1. | Anthropometric parameters in ALL survivors and controls
Male survivors | Male controls p Female Female p
(n=14) (n=13) survivors (n=14) | controls (n=12)

Weight (kg) 88,01 (20,3) 74,7 (12,1) | 0,051 57,9 (13,9) 58,3 (10,4) | 0,95
Height (cm) 173,8 (8,0) 177,9(7,3) | 0,170 160,2 (4,9) 1659 (51) | 0,008

BMI (kg/m? 28,9 (5,2) 23,6 (3,3) 0,004 22,5 (5,2) 21,1 (3,2) 0,40

SDSBMI 0,50 (1,03) 0,50 (0,69) | 0,007 0,15 (1,19) 0,18 (0,73) | 0,40

WC (cm) 95,5 (14,8) 83,1 (8,9) 0,015 74,1 (11,0) 72,5(10,6) | 0,71

WC (Z-score)| 0,42 (1,08) 0,42 (0,73) | 0,027 0,07 (1,03) -0,08 (0,99) 0,71

* Values are presented as means (SD)
68,00%
ALL survivor
. controls
32,14% 32,14%
14,28% 16,00% 14,28%
12,00%
7,16%
4,00%

| 0% 0% 0%
underweigt normal weight overweight obesity obesity obesity
class | class i class il

Nutritional status of participants measured by BMI

ipid abnormalities were more pronounced among sur-
vivors treated with CRT than among those who did not
receive cranial irradiation, but the difference did not
reach statistical significance. The incidence of dyslipid-
emia (1 or more aberrant parameters) in these cases
was also comparable between the two groups.

Glucose homeostasis and inflammatory
activity

The glucose metabolism indicators of survivors and
controls were similar, even when sex was controlled
for. One patient was on insulin treatment for iatrogenic
diabetes. CRP levels also did not differ between survi-

Lvors and controls, although 17,9% of survivors pre-
sented with inflammatory activity (CRP > 3 mg/l) com-
pared to only 8% of controls (p=0,29).

Increased arterial pressure

Three ALL survivors (10,7%), all of whom men
(21,4% of the men in the sample), had increased SBP/
DBP. The average AP of survivors was statistically sig-
nificantly higher than that of controls (p=0,05). SBP
and mean AP values were also significantly higher in
male ALL survivors than in female survivors (p=0,004
and p=0,027, respectively). The SBP and average AP of
male All survivors ware significantly higher than those
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44%

ALL survivor
37,05% . controls
32%
25,92%
22,22%
16%
11,11%
8%
3,70%
0% 0% 0%
fat deficit normal FMI excess fat obesity obesity obesity
class | class|l class il
Nutritional status of participants measured by FMI
male 2= male female female
survivors =~ controls survivors controls
100 %
92,58
90%
81,08
80 %
70%
63,25
60 % 56,69 —
50% —
20% 32,29
32,28 33,12 .
30% 1—27,43 e
22,46
20% 1— 19,31 19,05_
14,86 -
' 9,06 8,76
[+) _—_— I r
10% E 18 6,97 .
0% . = :
fat mass (kg)* % fat mass * FMI (kg/m?) centile #

# significant difference between male survivors and male controls (p<0,01)

Fat mass parameters (DEXA) in male and female ALL survivors compared to

corresponding controls
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50%

ALL survivor

. controls

17,85% 17,85%
14,28% 16%
8% 8%
total cholesterol HDL-C <1,03/1,29 LDL-C >3,36 triglycerides >1,7
> 5,17 mmol/| mmol/I* mmol/| mmol/I

* _ significant difference with controls (p=0,007)

Lipid panel abnormalities in participants

of male controls (119,0£8,5 mm Hg vs 111,9+6.1 mm
Hg, p=0,021 and 89,9+10,9 mm Hg vs 83,414,9 mm
Hg, p=0,057, respectively). The AP parameters of fe-
male ALL survivors did not differ from those of the fe-
male controls.

Discussion

Unsurprisingly, our analysis finds a significantly
higher percentage of overweight and obesity among
ALL survivors than among their healthy peers. Accord-
ing to Garmey et al., at a similar age 17% of ALL survi-
vors are obese. This number increases to 31,7% when
participants reach 32 years (9). An earlier study found
that the frequency of obesity was around 31,3% in their
early twenties and reached 42,8% around the time they
turned 30 (7). Other authors report lower frequencies
of overweight/obesity. In a series of 75 adolescents
and young adults (mean age 21,2 years) who were
all treated according to current DFCI protocol, 30%
are overweight and only 8% have non-morbid obesity
(10). Belle et al. found no significant difference in the
incidence of overweight/obesity in ALL survivors and
the general Swiss population (11). While these results
could be explained by differences in genetic predispo-
sition, they could also be due to different diets or physi-
cal activity levels in regions with different cultures.

Unlike other studies, which mostly identify abnor-
malities in women, our analysis finds that overweight
and obesity prevail among men. Even though more
women than men in our sample received the highest
dose of CRT (24 Gy), we do not find the high obesity
rate and the increased cardiovascular risk reported by
Oeffinger et al. (12) among female ALL survivors who
had received CRT. This is likely the result of the higher
age of our patients at the moment of CNS irradiation.
The age at diagnosis, therapeutic exposure and family
history of obesity do not differ across male and female
patients in our sample. Nevertheless, male survivors
have higher adiposity and BMI values that come close
to the obesity cut-offs than female survivors. Recent
studies report similar findings (13). An analysis focusing
on a relatively large cohort from a single Polish center
outlines that overweight and obesity are significantly
more common in men treated for ALL and malignant
lymphomas (14). This prevalence of overweight and
obesity in male ALL survivors cannot be solely attribut-
ed to the treatment protocol. As some have argued, it
might have to do with increased sensitivity to glucocor-
ticoids in men.

Obesity per se constitutes a cardiovascular risk,
but metabolic dysregulation is mainly associated with
central (visceral) obesity (15, 16). Our results are con-
sistent with this conclusion. Miller et al. arrive at a simi-
lar conclusion evaluating a sample of 170 patients who
were treated for malignant haemopathies in childhood.
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At a similar age and with a similar follow-up period,
male survivors presented with higher % FM (p=0,007),
truncal fat mass (p=0,008), total cholesterol, LDL-C and
TG levels than controls (17). Compared to patients who
never received CRT, male survivors of childhood ALL
who were treated with CRT also had higher visceral fat
mass and abnormal lipid profile in the study of Jarfeld
et al. (13). In our sample, the WC of male survivors is
strongly and significantly correlated with their A/G ratio
and BM, as seen in the general population. In contrast,
a large share of female ALL survivors (57,14%) with in-
creased fat mass and a real risk of cardiovascular disease
remain ,hidden” behind normal, even low BMI values.
Their body composition evaluation reveals low muscle
mass, which may exacerbate glucose intolerance and
additionally increase metabolic risk in the future. The
number of survivors in our sample is too low to analyze
the incidence of dyslipidemia and abdominal obesity in
NWO individuals, but in these cases, especially among
women, the individual risk of MS is 4 times higher than
that of people with normal weight and % FM (5).

Given the high risk of chronic pathology in All
survivors, the inaccurate evaluation of overweight and
obesity may prevent appropriate medical advice about
current and future health risks as well as adequate diet
and physical activity interventions. The direct mea-
surement of fat mass ensures a better understanding
of metabolic risk and can guide prevention strategies
more effectively. We still lack consensus on the exact
healthy amount of fat mass. Proposed values take sex
and age into account, and range between 20 and 25%
FM for men and between 30 and 37% FM for wom-
en (18). However, these general values are elaborated
based on BMI, which is not a good foundation for such
estimations. The differences between obesity estimated
by BMI and adiposity measured through DEXA are too
wide, both in the general population (19) and among
ALL survivors (20). FMI determines the amount of fat
mass more accurately and can re-classify patients in the
obesity categories, as we see in our study. Noteworthy,
however, is the fact that the potential therapy-induced
change in height, which is observable among the female
survivors in our sample, affects the calculation of fat
mass as an index. This further highlights the difficulties of
accurately determining the nutritional status of individu-
als, especially that of some groups in our population. The
elaboration of good methods, accurate criteria, and valid
reference values is a subject of ongoing research.

We are convinced that DEXA is undoubtedly bet-
ter than BMI at evaluating metabolic risk and customiz-
ing efforts to lower this risk in ALL survivors. The ability
to assess patients’ whole-body and visceral adiposity
and to directly measure their muscle mass gives this risk
functional parameters. Childhood ALL survivors have a
tendency to sarcopenic obesity in their early maturity
(21). This phenotype combines the metabolic effects
of reduced muscle mass (more pronounced among

young adults than among elderly people) with the ef-
fect of obesity-induced metabolic dysfunction resulting
from treatment. In some studies, the combination of low
muscle mass and high fat mass is more closely associ-
ated with insulin resistance than obesity itself (22, 23).
Therefore, in long-term ALL survivors metabolic homeo-
stasis, insulin resistance, and cardiovascular events are
affected by both the additive and synergistic effects of
their visceral adiposity and reduced muscle mass. The
evaluation of the individual body composition that DEXA
makes possible can further guide efforts to reduce fat
mass and/or increase muscle mass more accurately (24).

The literature has already documented the athero-
genic dyslipidemia phenotype that we depict. A de-
tailed analysis of the lipid profile in 80 ALL survivors’
(25) identifies dyslipidemia in 50% of the sample, re-
gardless of participants’ sex and age. The mean age,
follow-up period, and BMI of this cohort are similar to
ours. Furthermore, the definition of dyslipidemia used
identical cut-off values.

Our study finds that ALL survivors, especially men,
experience an increased burden of cardiovascular risk
factors compared to their healthy peers. Arterial hy-
pertension and glucose homeostasis abnormalities/di-
abetes are relatively rare. This is likely due to our small
sample and the relative youth of our subjects. In a large
German cohort of 951 survivors (mean age of 34 years
and mean follow-up period of 28.4 years), Faber et al.
report a relative risk of AH of 1.38 and of dyslipidemia
of 1,26 (26). Dyslipidemia and AH are more common
among the male than among the female survivors in
this sample, and their onset takes place 6 and 8 years
earlier than they do in the general population. It is thus
necessary to evaluate the lipid profile, glucose homeo-
stasis, SBP, and DBP of survivors, especially male sur-
vivors, early, regularly, and attentively, and to stage
an intervention accordingly. While obesity is the main
cardiometabolic risk factor in the general population,
in patients with malignant hemopathies the therapeutic
exposure itself induces fatmass dysfunction regardless
of the amount of fat mass. This is consistent with Gior-
dani et al. who identified endothelial dysfunction, which
persists over time and is not affected by the treatment
intensity, 28 months after the period of the treatment
(27). Another example is patients exposed to bone
marrow transplantation and whole-body radiotherapy
who have an unfavourable metabolic profile but do not
have overweight and obesity. Their body composition
phenotype is characterized by low muscle mass and
high visceral adiposity without increased WC. Further-
more, they have inflammatory activity, increased CRP
and leptin levels, and decreased adiponectin (28).

In conclusion, overweight, abdominal adiposity,
and dyslipidemia are the most common cardiometabol-
ic risk factors in ALL survivors. They have an early onset,
affect male patients more than female patients, and are
especially prevalent in those treated with earlier
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treatment protocols including more intensive chemo-
and radiotherapy. Prolonged exposure can further ex-
acerbate these abnormalities and raise the long-term
metabolic and cardiovascular risk. The routine monitor-
ing of the lipid panel and aggressive management of

metabolic abnormalities are mandatory for patients in
long-term remission. The wider use of DEXA in measur-
ing the fat mass and evaluating the body composition
of this young population helps identify survivors at risk
and customize prophylactic interventions.

References

1. Meacham LR, Chow EJ, Ness KK, Kamdar KY, Chen Y, Yasui
Y, et al. Cardiovascular risk factors in adult survivors of pediatric
cancer - A report from the Childhood Cancer Survivor Study. Cancer
Epidemiol Biomarkers Prev 2010;19:170-181.

2. Armstrong GT, Q Liu, Y Yasui, Neglia JP, Leisenring W,
Robison LL, et al. Late mortality among 5-year survivors of childhood
cancer: a summary from the Childhood Cancer Survivor Study. J Clin
Oncol 2009,;27:2328-2338.

3. Belcheva M, Usheva N, Hristozova Hr, Kaleva V, lotova V.
Metabolic syndrome after completed treatment of childhood acute
lymphoblastic leukemia: Results from a single center in Bulgaria.
Pediatria 2019;1:37-41. (In Bulgarian) [beaue6a M, Ywe6Ba H, Xpuc-
mo3o06a Xp, KareBa B, MlomoBa B. MemaGoaumeH cuHgpom caeg
3aBvpuweHo AeveHue no noBog ocmpa aumgobracmua reBkemusn B8
gemcka Bb3pacm: pezyamamu om eguH KAUHUYeH ueHmbp B boa-
2apus. [Meguampua 2019;1:37-41.]

4. Kelly TL, Wilson KE, Heymsfield SB. Dual Energy X-ray
absorptiometry body composition reference values from NHANES.
PLoS One 2009:4(9):e7038. doi: 10.1371/journal.pone.0007038.

5. Romero-Corral A, Somers VK, Sierra-Johnson J, Korenfeld
Y, Boarin S, Korinek J, et al. Normal weight obesity: a risk factor
for cardiometabolic dysregulation and cardiovascular mortality. Eur
Heart ] 2010;31(6):737-746.

6. Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M,
Arslanian S, et al; IDF Consensus Group The metabolic syndrome
in children and adolescents - an IDF consensus report. Pediatric
Diabetes 2007,8(5):299-306.

7. Oeffinger KC, Buchanan GR, Eshelman DA, Denke MA,
Andrews TC, Germak JA, et al. Cardiovascular risk factors in young
adult survivors of childhood acute lymphoblastic leukemia. | Pediatr
Hematol Oncol 2001,23(7):424-430.

8. Hanak V, Munoz J, Teague J, Stanley A, Bittner V. Accuracy
of the triglyceride to high-density lipoprotein cholesterol ratio for
prediction of the low-density lipoprotein phenotype B. Am J Cardiol
2004,94:219-222.

9. Garmey EG, Liu Q, Sklar CA, Meacham LR, Mertens AC,
Stovall MA et al. Longitudinal changes in obesity and body mass
index among adult survivors of childhood acute lymphoblastic
leukemia: a report from the Childhood Cancer Survivor Study. J Clin
Oncol 2008;26:4639-4645.

10. Collins L. Beaumont L, Cranston A, Savoie S, Nayiager T,
Barr R. Anthropometry in long-term survivors of acute lymphoblastic
leukemia in childhood and adolescence. J Adolesc Young adult Oncol
2017:6(2):294-298.

11. Belle FN, Weiss A, Schindler M, Goutaki M, Bochud M,
Zimmermann K, et al. for the Swiss Pediatric Oncology Group.
Overweight in childhood cancer survivors: the Childhood Cancer
Survivor Study. Am J Clin Nutr 2018;107:3-11.

12. Oeffinger KC, Mertens AC, Sklar CA, Yasui Y, Fears T,
Stovall M, et al. Childhood Cancer Survivor Study. Obesity in adult
survivors of childhood acute lymphoblastic leukemia: a report from the
Childhood Cancer Survivor Study. / Clin Oncol 2003;21:1359-1365.

13. Jarfeld M, Lannering B, Bosaeus I, Johannsson G,
Bjarnason R. Body composition in young adult survivors of childhood
acute lymphoblastic leukaemia. Eur | Endocrinol 2005,153:81-89.

14. Sawicka-Zukowska M, Luczynski W, Cobroch ]},
Krawczuk-Rybak M. Factors affecting weight and body composition
in childhoodcancer survivors - cross-sectional study.

Ecancer 2020;14:999, doi.org/10.3332/ecancer.2020.999

15. Karpe F, Pinnick K. Biology of upper-body and lower-
body adipose tissue - link to whole-body phenotypes. Nature Rev
Endocrinol 2015;11:90-100.

16. Booth A, Magnuson A, Foster M. Detrimental and
protective fat: body fat distribution and its relation to metabolic
disease. Horm Mol Biol Clin Investig 2014;17(1):13-27.

17. Miller TL, Lipsitz SR, Lopez-Mitnik G, Hinkle AS, Constine
LS, Adams M], et al. Characteristic and determinants of adiposity
in pediatric cancer survivors. Cancer Epidemiol Biomarkers Prev
2010;19(8):2013-2022.

18. Gallagher D, Heymsfield SB, Heo M, Jebb SA, Murgatroyd
PR, Sakamoto Y. Healthy percentage body fat ranges: an approach
for developing guidelines based on body mass index. Am J Clin Nutr
2000,72:694-701.

19. Pasco JA, Holloway KL, Dobbins AG, Kotowicz MA,
Williams L), Brennan SL. Body mass index and measures of body fat
for defining obesity and underweight: a cross-sectional, population-
based study. BMC Obesity 2014;1:9. doi: 10.1186/2052-9538-1-9.

20. Karlage RE, Wilson CL, Zhang N, Kaste S, Green DM,
Armstrong GT, et al. Validity of anthropometric measurements
for characterizing obesity among adult survivors of childhood
cancer: a report from the St. Jude Lifetime Cohort Study. Cancer
2015;121:2036-2043.

21. Marriott CJC, Beaumont LF, Farncombe TH, Cranston
AN, Athale UH, Yakemchuk VN, et al. Body composition in long-
term survivors of acute lymphoblastic leukemia diagnosed in
childhood and adolescence: A focus on sarcopenic obesity. Cancer
2018;124(6):1225-1231.

22. Lim S, Kim JH, Yoon JW, Kang SM, Choi SH, Park YJ, et
al. Sarcopenic obesity: prevalence and association with metabolic
syndrome in the Korean Longitudinal Study on Health and Aging
(KIoSHA). Diabetes Care 2010;33:1652-1654.

23. Levine ME, Crimmins EM. The impact of insulin resiatance
and inflammation on the association between sarcopenic obesity and
physical functioning. Obesity 2012,20:2101-2106.

24. Boland AM, Gibson TM, Lu L, Kaste SC, DelLany JP, Partin
RE, et al. Dietary protein intake and lean muscle mass in survivors
of childhood acute lymphoblastic leukemia: report from the St. Jude
Lifetime Cohort Study. Physical Ther 2016,96(7):1029-1038.

25. Morel S, Leahy ), Fournier M, Lamarche B, Garofalo
C, Grimard G, et al. Lipid and lipoprotein abnormalities in acute
lymphoblastic leukemia survivors. / Lipid Res 2017;58(5):982-993.

26. Faber ), Wingerter A, Neu MA, Henninger N, Erkerle
S, Munzel T, et al. Burden of cardiovascular risk factors and
cardiovascular disease in childhood cancer survivors: data from the
German CVSS-study. Eur Heart | 2018;39(17):1555-1562.

27. Giordani P, Muggeo P, Delvecchio M, Carbonara
S, Romano A, Antomare M, et al. Endothelial dysfunction and
cardiovascular risk factors in childhood acute lymphoblastic leukemia
survivors. Int | Cardiol 2017;228:621-627.

28. Novetsky Friedman D, Hilden P, Moskowitz C, Suzuki M,
Boulad F, Kernan N, et al. Cardiovascular risk factors in survivors
of childhood hematopoietic celle transplantation treated with total
body irradiation: a longitudinal analysis. Biol Blood Marrow Transplant
2017;23:475-482.

KHu2onuc

Endocrinologia vol. XXV N22/2020




Opu2uHaAHa cmamus

OnpegeAnHe Ha pedepeHMHU CMOUHOCMU HA
aHgpozeHHuU cmepougu 6 ypunama npu 6vA2ap-
cka nonyraayua 6v6 6vzpacmma 16-30 2ogunu
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Pe3iome

AHgpO2eHHUME Cmepougu Ca WUPOKO Pa3znpocmpaHeHu cpeg cnopmucmume u ynompebama um 6
Hal-pa3AudHU popmu e ocHoBeH npobaem B cbBpemerHua cnopmen cBam. MNpoepamama Ha CBemoBHama AH-
mu-gonuHzoBa AzeHuua (WADA) 3a 6uoaozuuHu nacnopmu Ha cnopmucmu BbBexkga cmaHgapmuszupaH Mogya
(m.Hap. ,cmepougeH npoua”) 3a Bceku cnopmucm, kolmo no3zBoaaBa ga ce ugeHmMugpuyupam npuemu eK3o-
2eHHO aHaboAHU aHgpozeHHU cybecmanuuu om 3abpaHumeaHus cnucbk. Aoka3zaHo e, e cmepougHuUam nNPoguA
ce Bause om noa, Bb3pacm, puzudecka akmuBHocm, guema u emHudecka NPUHAGAEXKHOCM.

Llea: OnpegeanaHe Ha pedepeHmMHU cmolHocmu Ha cmepougu 8 ypunama npu penpe3zeimamuBHa u3zBag-
Ka om BbA2apcka nonyaauua KAUHUYHO 3gpaBu mbxke u >xeHu 668 Bb3pacmma 16-30 2oguHu, cnopmyBawu 6
cBobogHomo Bpeme, ¢ o2aeg cb3gaBaHe Ha HAUUOHAAHU HOPMU 3a NoKa3ameAume om cmepougHUA NPOUA.

Mamepuaa u memogu: 'poyuBaHemo e npoBegero B8 nepuoga 2016-2017 2. u o6xBawa 1189 kKauHU4HO 3gpabu
u cnopmyBawu 6 cBobogHomo Bpeme Auua 666 Bb3zpacmma 16-30 2oguHu, om koumo 840 (70,6%) mbxke u 349
(29,4%) >xeHu. [pynume yuacmHuuu ca 2eozpadpcku paBHomepHo paznpegeaetu 6 cmpaHama. V3caegBanu ca no-
kazameaume mecmocmepoH (T); enumecmocmepor (EpiT) u maxHomo ceomHoweHue (T/EpiT); aHgpocmepoH (A);
emuoxoaaHonoH (Etio); 5e-aHgpocmat-3a,17p-guon (5a-diol); 5p-aHgpocmat-3a,17p-guoa (58-diol) 6 ypuHHu npobu. Ko-
AudecmBeHomo onpegeaaHe Ha cmepougume e u3BbpweHo upes 2azoBa xpomamozpaua ¢ Mac CNEKMPOMEMPUS.

Pezyamamu: OnpegeaeHu ca pedpepeHmHu cmouHocmu 3a T, EpiT, T/EpiT, A, Etio, 5a-diol, 5p-diol. NMpeg-
cmabBeH e 06xBambm om 2,5 go 97,5 nepceHmua ¢ 95% goBepumeaeH uHmepBan Ha uzcregBaHume KOMNOHEH-
mu Ha cmepougHua Npoghua noomgeaHo 3a gBama noaa.

3axarodeHue: Cv3gageHama HauuoHaAHa 6a3a gaHHU 32 nokazameAume Ha CmepougHUA NPOCOUA we NOC-
AYXKU 3a cpaBHaBare Ha uHguBugyaaHume pe3yamamu om ,6U0A02UYMHUA NACNOPM” NPU MAAGOMO NOKOAEHUE
ObA2apCKU CNOPMUCMU, KaKmo U 32 NPOgbAXKUMEAHOMO um npocaegaBane no Bpeme Ha u u3BbH cbcmesaHus,
3a ga 6bgam eAuMUHUPaHU NOZPEeWHU UHMepnNpemauuu Ha HACMbNUAU OMKAOHEHUA.

KarouoBu gymu: anaboanu angpozenHu cmepougu; IMpozpama 3a 6UoA02UYHU NACNOPMU Ha chopmucmu;
cmepougeH npopua; pepepeHmHuU cmolHocmu; 2a3oBa xpomamozpadgua ¢ mac cnekmpomempusn
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BvBegeHue

AHaboAHUME aHgPO2EHHU CMepougu ca WUpPOKO
paznpocmpaHeHu cpeg chopmucmume u ynompeba-
ma um B8 Hal-pa3auuHu popmu e ocHoBeH npobrem B
cbBpemenHua cnopmen cBam (1, 2). OnpegeaaHemo
Ha npou3xoga Ha aHaGoAHUME cmepougu - eHgoze-
HeH (pu3zuoAro2uYeH) UAU ek3oz2eHeH (dpapmaueBmu-
yeH), € CAOXHO, koemo 6 gonbaHeHue Kbm GUOAO-
2udHUME um edpekmu npabu me3u BewecmBa mHo20
nonyaapHo cpegcmBo 3a nogobpaBaHe Ha pu3zuue-
ckama gpopma u chopmuume pezyamamu (3). Odpu-
uuaaHama 3abpaHa 3a npuaoxxeHuemo um B cnopma,
uzuckBa 2oaemu ycuaua u pecypc 3a pazpabomBaHe
Ha obwoBarugHuU ckpuHuH20B8u cmpameauu 3a gokas-
BaHe HaauuHocmma um. 3a 6opba c gonuHaa B cnop-
ma u npegocmabBaHe Ha eguHHU CMaHgapmu 3a go-
NuH2 KOHMpPoA npe3 1999 2. e cb3zgageHa HezaBucuma
mexxgyHapogHa opeaHuzauua - CBemoBHa AHmu-go-
nuHzo68a azeHuuna (WADA). Bbnpeku nocmuzHamume
gobpu pe3yamamu, noHacmosawem omkpuBaHemo Ha
omkAoHeHuama 6 KoHueHmMpauuume Ha eHgO2eHHU-
me cmepougu B8 ypuHama BcaegcmBue exk3o2eHHO
BHacaHe npogbaxkaBa ga 6bge egHo om Hal-20Ae-
mume npegu3zBukameacmBa, npeg koemo ca uznpa-
BeHu akpegumupaHume om WADA anmugonuH208u
Aabopamopuu. TepmuHbM ,,6UOAO2UYEH NAachopm Ha
chopmucm” e npegaoxeH 3a nbpBu nbm 6 Hauaaomo
Ha 2000 2. om Hay4HU KoAekmuBu, kKoumo ugeHmudu-
uupam u3zbpaHu XemamoAO2uYHU noKazameau (map-
Kepu 3a KpbBeH gonuHz) kamo cpegcmBo 3a onpege-
AfHE Ha XemMamoAo2u4HUA npodgua Ha uHguBuga. Cbe
cb3gaBanemo cu WADA npegnpuema geticmBusa no
gopazBuBaHe, xapmoHu3upaHe u BaaugupaHe Ha ma3u
KoHuenuua. B pesyamam Ha me3u akmuBHocmu npe3
2009 2. 3a nbpBu Nbm ce nybaukyBam odpuyuarHu
onepamuBHuU yka3zaHuA U 3agbAXKUMEAHU CmaHgapmu,
no3Hamu kamo [Ipoepama 3a buoroeuyHuU nachopmu
Ha cnopmucmu (4). Tesu cmaHgapmu 3a uzzomBaHe Ha
OGUOAO2UYHUME NACNOPMU HE 3aMEHAM NPUAOXKEHUEMO
Ha MpaguyuoHUMeEe aHaAUMUYHU Memogu 3a mecmBa-
He Ha onpegeAeHU NOKa3ameAu, a N0 CKopo gonbaBam
memogume ¢ o2reg ycbBobpweHcmBane u nogcuaBare
Ha aHmu-gonuHzoBume cmpamezuu Kamo UAAo.

B pamkume Ha lNpoepamama e BvBegeH u cmak-
gapmu3upaH memog 3a omkpuBaHe Ha 3a0ynompeba
C aHgpo2eHHU cmepougu upe3 uzcaegBaHe Ha onpe-
geAeHu nokazameau 6 ypuHHu npobu. CmepougHuam
MOgyA (m. Hap. ,cmepougeH nNpogpuA”) uma 3a uea
ga ugeHmudpuyupa OMKAOHEHUA, KO2amo ca agmu-
HUCMpUpPaHU eK302eHHU U gpyau aHaboAHU azeH-
mu (cybcmaruuu) om 3abpaHumeaHua cnucbk. Om
2014 2. e BvBegeH cmepougHuam mogya Ha ABP u
memogume Ha Aabopamopuume omezoBapam Ha u3-
uckBaHuama Ha WADA TD20T4EAAS.

B lNpozpamama Ha WADA cmepougHuam npo-
puA ce gepuHupakamo cbBkynHocm om uzBecmHu
€HgO2EHHU CbeguHeHus, cmpykmypHo cBbp3aHu ¢
mecmocmepoHa, HeeoBume OBuocuHmemuuHu npe-
Kypcopu u memaboaumu, uznoa3Baxu 6 aHmu-gonux2
npomokoAume 3a npocaegaBaHe NpuUAO>KEHUEMO Ha
aHaboAHU aHgpozeHHU cmepougu. CaegHume Mmapke-
pu ca BkatoyeHu B cmepougHua NPOUA: Sa-aHgPOC-
man-3a,17B-guon  (5e-diol);  5p-aHgpocman-3a,17-guon
(5p-diol), aHgpocmepon (A); emuoxonaHoroH (Etio); mec-
mocmepoH (T); enumecmocmepoH (EpiT) u maxHomo
cvomHoweHue (T/EpiT) (4). WADA npenopbuBa pedpe-
PEHMHU 2paHuUu 3a KOHUeHmpauuume Ha nokaza-
meAume om YpuHHUA CMepPougeH NPOCOUA U HAKOU
CbOMHOWeEHUA Mexxgy max, koumo ce aBaBam map-
Kepu 3a ynompeba Ha mecmocmepoH u He2oBu npe-
kypcopu (5). Taka, Kamo amunu4HU OMKAOHEHUA Ca
obwonpuemu YpuHHU KOoHUeHmMpauuu Ha T uAuEpiT
no-Bucoku om 200 ng/ml, Ha A uau Etio no-Bucoku om
10 000 ng/ml; coomHoweHue T/EpiT Hag 4 (5).

AoKa3aHo e, ue cmepougHuam npodua ce Bau-
ae om noa, Bv3pacm, gu3zuyecka akmuBHocm, gu-
ema u emHuvyecka npuHagaexHocm (6-8). lNocaeg-
HUAM hakm e u3KAalouumeAaHo BaxkeH, mbl kamo B
Aumepamypama ce HampynBam gaHHU 3a pazAuduA
6 pepepeHmHume obxBamu Ha kaouoBu cmepoug-
HU noka3ameAu, KakKmo MeXgy pa3AudyHuU emHuye-
CKU nonyAauuu, Maka u mexgy omgeaHu aabopamo-
puu (9). Hanpumep, koHueHmpauuume Ha T, epiT, A,
Etio, DHEA, 5a-diol u 5a-diol npu AamuHcko-amepu-
KaHcka nonyaauua ca mexgy 1,6 nomu u 1,9 nemu
no-Bucoku om me3u npu KaBka3zka nonyaauua (10).
OcBen moBa ce omkpuBam 3Hauumu Bapuauuu 6
ekcnpecuama Ha eH3uma uridine diphosphate (UDP)-
glucuronosyltransferase 2B17 (UGT2B17), kolimo ue-
pae BaxkHa poaa 8 memaboauzma Ha mecmocmepoHa
npu xopa (kamaau3upa mpaHcgepa Ha UDP-2atokypo-
HoBa KuceAuHa KbM MOAEKYAAMA HA MECMOCMEPOHa,
3a ga noBuwu 6bb6peuHama my ekckpeuun) (11, 12),
Kakmo UHMpPanonNyAauUOHHO, MakKa u MeXgy nonyaa-
yuume nopagu pazAudHOMO paznpocmpaHeHue Ha
noaumopdusma ¢ geaeuua Ha UGT2B17 zena (13).
Auuama c geaeuus(u) Ha UGT2B17 umam no-Bucoku
cepymHu HuBa Ha T (c 15%) (14) u no-Hucka ekckpe-
uua Ha T B ypunama (c ~90%) (15-17). B gonbaHe-
Hue, geaevuama Ha UGT2B17 e cBbp3aHa ¢ no-Hucko
cbomuoweHue T/EpiT, koemo e pymuHeH mapkep 3a
omkpuBaHe Ha 3aoynompeba C mecmocmepoH npu
gonuHz-koHmpoa (18, 19). Cv3zgaBaHemo Ha cobcm-
BeHu HauuoHaAHU pegpepeHmHu o6xBamu Ha Komno-
HEHMUMe Ha cmepougHUA NPOPUA we omgudepeH-
uupa emHudeckume Bapuauuu.

Lleama Ha Hacmoaw,omo npoyuBaHe e onpeges-
He Ha pedpepeHmMHu cmolHocmu Ha cmepougu 6 ypu-
Hama npu penpe3eHmamuBHa uzBagka om 6ba2apcka
nonyAauua KAUHUYHO 3gpaBu mbyxke u >keHu 668 Bb3-
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pacmma 16-30 2oguHu, cnopmyBawu 6 c6o6ogHomo
Bpeme, c oereg cb3zgaBaHe Ha HaUUOHAAHU HOpMU 3a
nokazameaume Oom cmepougHua npoguA. Tazu Ha-
uuoHaaHa 6aza gaHHu, ocHoBaHa Ha HageXgHu cma-
MUCMUYeCckU aHaAu3u, we NOCAYXKU 3a cpaBHaBaHe
Ha uHguBugyaaHume pe3yamamu om ,B6UOA02UYHUA
nacnopm’ npu mMAagomo nokoAeHue GbAa2apcku cnop-
MUuCMU, KaKmo U 3a NPOgbAXKUMEAHO npocaegaBaHe
Ha cmepougHua NpogouA no Bpeme Ha u u3BbH cbecme-
3aHuA, 3a ga 6bgam eAuUMUHUPaHU NO2PeWwHU UHmep-
npemayuu Ha HaCMbBNUAU OMKAOHeHuUA. ,YecmHama
uzpa” u 3awumama Ha 3gpaBemo Ha cnopmucmume
ca ocHoBama Ha HauuoHaaHama AHmMugonuH208a
INpozpama B bvazapus.

Mamepuaau u memogu

INpoyuBaHemo e npoBegeHo B8 nepuoga 2016-
2017 2. u 0b6xBawa 1189 kauHuuHO 3gpabu u cnopmy-
Bawu B8 cBobogHomo Bpeme auya Bv6 Bbzpacmma
16-30 20guHu, om koumo 840 (70,6%) mbxe u 349
(29,4%) >keHu. Ta3zu uzBagka kamo obw, 6pol 3a map-
2emHua Bvb3pacmoB uHmepBar omeaoBapa Ha u3uc-
kBaHemo 3a penpe3zeHmamuBHocm. Heobxogumuam
6pol cAayvau, 2apaHmupaw, MakCumaaHa cmamucmu-
yecka 2pewka He no-2oasma om 3% npu 6ba2apcko-
mo HaceAeHue Ha Bb3pacm 16-30 20guHu Bb30cHOBa
Ha gaHHu om HauuoHaaHua Cmamucmuvecku WH-
cmumym 3a yumupasua nepuog, e 1067 (20).

Yyacmuuuume 6 npoyuBaHemo omzoBapam Ha
caegHume kpumepuu 3a BkaouBare: cnopmyBare 6
cBobogHomo Bpeme; cBobogeH guemuueH pexxum
6e3 ueaeHacoveHu guemu, ozpaHuvaBawu Karopud-
HOCMMa U Npuema Ha onpegeAeHu xpaHumeaHu Be-
wecmBa; omcbecmBue Ha OCMPU U KAUHUYHO 3Hauu-
MU XpOHuYHU 3aboaaBaHug; Aunca Ha ynompeba Ha
AekapcmBeHu cpegcmBa u xpaHumeaHu gob6aBku,
Koumo 6uxa moz2au ga noBausam HuBama Ha cmepo-
ugHuUme XopmoHu u obmaHama Ha BewecmBama, He
no-maako om 3 meceua npegu BkaouBaHe 6 npoyu-
Batemo. lpynume yyacmHuuu ca 2eozpadpcku paBHo-
MepHO pa3znpegereHu 6 cmpaHama.

lNpobume ca cbvbupaHu 6 cvomBemcmBue c
uzuckBanuama Ha MexgyHapogHua CmaHgapm 3a
TecmBaHe u PazcaegBaHua Ha WADA (21) u ca aHa-
AuzupaHu 6 Aabopamopuama 3a AonuHz2o08 KOHMPOA
Ha AHmugonuH2068un LleHrmbp kbm MuHucmepcmBo
Ha MAage>kma u cnopma. YpuHHu npobu ¢ HUCKO om-
HocumeAHo meaao nog 1,004 He ca uzcaegBanu. He
ca u3noa3zBaHu gaHHume om npobu ¢ ycmaHoBeHa
H6akmepuaArHa KoHmMamuHauua. M3mepeHume KOHUEH-
mpauuu Ha cmepougume, 866 Bcuuku ocmaHau npo-
bu, ca Kopu2upaHu KbM omHocumeAHo meaao 1,020
(TD2014EAAS). AHaAu3upaHu ca noka3ameaume mec-
mocmepoH (T); enumecmocmepoH (EpiT) u maxHomo

cvomHoweHue (T/EpiT); aHgpocmepoH (A);, emuoxo-
AaHoAoH (Etio); 5a-aHgpocman-3a,17B-guoa (5a-diol);
5B-aHgpocman-3a,17p-guoa (5B-diol).

OnucaHue Ha AabopamopHama nocmaHoBka:
KoauvecmBeHomo onpegeaaHe Ha cmepougu
8 ypuHHume npobu e uzBvpweHo upe3 e2azoBa xpo-
mamoepacgpua ¢ mac-cnekmpomempua (GC/MS) caeq
XUgPOAU3a, MeYHO-MeYHa ekcmpakuua u gepuBamu-
3auus (TD2014EAAS). 1T ml ypuHa e xugpoau3upaHa
¢ B-Glucuronidase (E. coli K 12) npu pH=7, 50 °C 3a 1
h, caeg koemo e uzBbpweHa meyHo-mevHa ekcmpak-
uusa (LLE) ¢ mpemuuen-6ymua memua emep (t-BME)
npu pH=9,6. OmgeaeHama opzaHu4yHa pa3za e uzna-
peHa go cyxo, uzcyweHa nog Bakyym u gepuBamu-
3upaHa ¢ 50 yl MSTFA/NH41/2-ME (500:1:3). Kamo
BbvmpeweHu cmangapmu (ISTD) ca u3znoazBaHu d5-
Etiocholanolone, d3-Epitestosterone u d3-Testosterone.

Xpomamoepagpcko pazgerane u koanudecmBeHo
onpegeaaHe

INpobume ca aHaAu3upaHu ¢ 2a306 xpomamozpad
c maccenekmuBer gemekmop Agilent Technologies
7890A/5975C. WM3noa3BaHa e 2azoBo-xpomamoezpad-
cka koAroHa Agilent DB-TMS (20m x 180 pm x 0,18 ym) -
100% Dimethylpolysiloxane. Om Bcaka npoba ca uH>kek-
mupatu 3 nbmu no 2 pl. TemnepamypHuam 2pagueHm
Ha newma 3anouBa om 190 °C cbe 3agbp>kaHe 0 min.
CaegBa HazpaBare go 218 °C ¢ 2 oC/min u 3agbp>kaHe
3 min. Bmopama cmvnka Ha 2paguerma e go 230 °C
¢ 2 °C/min u 3agbp>kaHe 0 min. Tpemama cmbnka Ha
epagueHma e go 300 oC c 20 °C/min u 3agbpykaHe 6
min. Kamo Hoceuw, 2a3 e uznoa3BaH xeaull CbC ckopocm
1 ml/min. Peskumbm Ha paboma Ha gemekmopa e SIM,
npu GoHuU3auua ¢ eAekmpoHeH ygap (70 eV).

YcmaHoBeHume cveguHeHua ca Androsterone
(m/z 434), Etioholanolone (m/z 434), 5a-Androstane-
3a,17B-diol (m/z 436), 5B-Androstane-3a,17p-diol (m/z
436), Epitestosterone (m/z 432), Testosterone (m/z
432), d5-Etioholanolone (m/z 439), d3-Epitestosterone
(m/z 435), d3-Testosterone (m/z 435). 3a KoAuvecm-
BeHomo onpegeAaHe Ha CbeguHeHuama e u3noa3Ba-
Ha KaaubpayuoHHa kpuBa ¢ 5 mouku.

Cmamucmuuecku aHaAu3zu: AaHHume ca BbBege-
HU U 06pabomeHu upe3 npozpama Refval v.4.11, cuuma-
Ha 3a AabopamopeH cmaHgapm. Caeg omcmpaHaBaHe
Ha ekcmpemHume cmolHocmu e onpegeAreH Bugbm
Ha pa3znpegeAeHUEMO U, aKO HEe € HOPMAAHO, Ype3 ma-
memamuyecku mexHuku e koHBepmupaHo 6 Hopmana-
Ho. BnocaegcmBue, pecpepeHmHume cmodHocmu ca
onpegeAaHU NO napamempuyeH memogd. B cayyaume,
KO2amo pa3npegereHUEMO Ha emnupuyHUme gaHHU
He moxe ga 6bge npuBegeHo Kbm HOpmaaHOMoO, e
uznoa3BaH nogobpeH BapuaHm Ha HenapamempuyHo
onpegeAsHe Ha pepepeHmHUmMe 2paHuuU.
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PaznpegeaeHue Ha yyacmuuuume 6
npoyuBaHemo no noroBa npuHagaex-
Hocm.

Mru:ze: 8340

70.6%

YecmomHo pa3npegeaeHue Ha mbxkeme no 5a-androstanediol, p<0,001 (a); 5a-androstanediol, p<0,001 (6); androsterone,
p<0,001 (B); epitestosterone, p<0,001 (2); etiocholanolone, p<0,001 (g); T/epiT, p<0,001 (e); testosterone, p<0,001 (k).
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onpegeAaHe Ha ,cmepougeH npocur” npu 1189 g
KAUHUYHO 3gpaBu u cnopmyBawu 6 cBob6og- g
Homo Bpeme Auua Ha Bb3pacm 16-30 2. - 840 T
(70.6%) mobxxe u 349 (29,4%) xeHu (Que. 1). 50
INpegBapumeAHusm aHaAu3 Ha gaHHUMe
nokaza, ye uma mHoxxecmBo cmotHocmu (-1) u
(-2), koumo ce Haaaza ga 6bgam omcmpaHeHu
om uzBagkama. 0
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YecmomHo paznpegeaeHue Ha keHume no 5a-androstanediol, p<0.001 (a); 5b-androstanediol, p<0.001 (6); androsterone,
p<0.001 (8); epitestosterone, p<0.001 (2); etiocholanolone, p<0.001 (g); T/epiT, p<0.001 (e); testosterone, p<0.001 ().
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M3uucanBanemo Ha pecpepeHmHume cmou-
Hocmu ce ocbwecmBaBa no gBa cnocoba - na-
pamempuyeH u HenapamempuueH. Cmamucmuye-
cKu no-gocmoBepeH e napamempuvHUAM MeMog,
usuckBaw, HopmaaHo paznpegeaerue. lNMpoBege-
HUAM aHaAu3 (2pacpuveHu u3vucAuUmeAeH — mecm
Ha KoamozopoB-CmupHoB) nokaza, 4e npu HUMO
eguH om u3caegBaHume nokazameAu Hama Hop-
maaHo pa3npegererue (Que. 2 u Que. 3).
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LlletimaHoBa, TaHa 3. u cbmpygHUyu

B Tabauya 1, noomgeaHo 3a gBama noaa ca npegcmaBeHu HamepeHume pegpepeHmHuU cmoldHocmu 3a
2,5 u 97,5 nepceHMuUA, Kakmo u 2paHuuume Ha 95% goBepumeaer uimepBan (A1) Ha me3u cmodHocmu.
IMpu noumu Bcuuku npuzHauu u 3a gBama noaa 6axa uznoazBaHu pesyamamume om nogobpeHua Henapamem-
puduHua memog Ha npozpamama Refval v.4.11. EguHcmBeHo npu nokazameaa T/epiT npu >keHume ce nocmuzHa
HOpMaAu3upaHe Ha pa3zhpegeAeHuemo U Npu He2o Be NPUAOYXKEH NapamempuyHuUAa cnocob.

Tabauya 1. PecbepenmHu cmolHocmu Ha nokazameaume 5a-diol, 58-diol, A, epiT, Etio, T/epiT u T 3a gBama noaa.

Mokazamea Mo Mepcenmuau Pecpepenmuu 95% AU
cmouHocmu AoAHa [opHa
2paHuua 2paHuua
5a-androstanediol | Muvxxe 0,025 9,630 7,774 11,400
(ng/mL) 0,975 173,450 158,200 197,200
XKeHu 0,025 2,504 1,708 3,950
0,975 67,118 60,092 71,932
5B-androstanediol | Muvxe 0,025 13,570 11,650 16,318
(ng/mL) 0,975 504,700 478,556 564,700
XKeHu 0,025 5,070 3,225 6,315
0,975 206,150 176,455 259,699
Androsterone Mubxe 0,025 427,130 339,781 584,728
(ng/mL) 0,975 7481,750 6970,875 8340,000
XKeHu 0,025 214,995 168,726 317,158
0,975 6338,546 5205,053 7244,645
Etiocholanolone | Muvxxe 0,025 280,900 230,676 357,236
(ng/mL) 0,975 5439,184 4832,168 6228,000
KeHu 0,025 173,560 123,705 261,362
0,975 4865,412 4246,000 6742,000
Testosterone Mubxe 0,025 1,570 1,332 2,138
(ng/mL) 0,975 118,295 103,298 125,800
KeHu 0,025 0,742 0,660 0,882
0,975 21,401 17,696 24,264
Epitestosterone Mubxe 0,025 3,420 2,874 4,173
(ng/mL) 0,975 95,540 86,132 107,686
XKeHu 0,025 1,274 1,110 1,490
0,975 29,505 26,336 32,084
T/epiT Muoxe 0,025 0,073 0,064 0,081
0,975 4,234 4,003 4,585
KeHu 0,025 0,109 0,062 0,158
0,975 1,994 1,725 2,354

AV - goBepumeneH uHmepBaa.
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PeweHuemo Ha npobaema c Auncama Ha Hopmaa-
HOCM Ha YeCMOMHOMO pa3npegeAeHUe Ha emnupuY-
Hume gaHHu e Bb3MOXKHO upe3 uznoa3zBaHe Ha mame-
Mamu4ecku mexHuku 3a He2oB8omo HopmaAau3upaHe.
MpobArembm € ekcmpemHume cmoUHOCMU ce pewa-
B8a ¢ maxHomo omcmpanaBare. 1 gBeme onuuu ca
Haauue B cyumaHama 3a cmaHgapm 6 ob6aacmma Ha
KAUHUYHama Aabopamopua npozpama Refval. B npuno-
>keHama 6 Hacmoswomo npoyuBaHe Bepcua Ha ma3zu
npozpama Refval v.4.11, gonbAHUMeAHO uma pa3pa-
6omeH nogobpeH BapuaHm Ha HenapamempuyHoO on-
pegeasHe Ha pegpepeHmHume 2paHuuy, 8 caydaume
KO2amo paznpegeAeHUemo Ha emnupudYHUMe gaHHU
He Mmoxke ga bbge npuBegeHo Kbm HopmaaHomo. ToBa
ce HaAaoxu npu 13 om obwo 14 cayuan.

ObcbvikgaHe

V3mepBaHemo Ha HuBama Ha aHgpoeeHHUMEe cme-
pougu 6 ypuHama e guazHOCMUYeH MemMOog, U3NOA3-
BaH B KAUHUYHAMAa EHJOKPUHOAO2US 3a guazHOCMUUU-
paHe Ha eH3UMHU gedpekmu B cmepougoezeHezama.
B obaacmma Ha aHmugonuHzoBama cmpameaus,
ypUHHUAM CMepougeH NPOUA CAYXKU 32 omkpuBaHe
Ha 3aoynompeba cbe 3abparHeHu 8 cnopma cybcman-
uuu. AHaboAHUME aHgPO2EHHU CMepougu ca Had-3A0-
ynompebaBaHuam kaac 3abpaHeHu BewecmBa, kamo
mecmocmepoHbM, CuHMe3upaH U NPevYucmeH Nbp-
8o om Leopold Ruzicka u Adolf Butenandt npe3 1935
2. (22, 23), noHacmoswem uma Bogewa poaa npu no-
AOXKUMeEeAHUME 3a gonuHe cAyyau. B Havaromo Ha
90-me 20guHU Ha muHaaua Bek, noaBama Ha nazapa
Ha HAKOU eHgoz2eHHU cmepougu (6 m.u. gexugpo-
enuaHgpocmepoH, 4-aHgPOCMEHgUOH, guxugpomec-
MOCMEPOH U 5-aHgPOCMEHgUOA) Kamo XpaHumeAHu
go6aBku yaecHu gocmbna go me3u NPO-XOPMOHU NO
pasAaudHU cnocobu. AokazBaHemo Ha 3Aoynompe-
6a ¢ mecmocmepoH e npobaemamuyHo, MblU Kamo
CUHMEMUYHUAM MEeCMOCMEPOH € HepazAuduUM om
€HgO2EHHUA Ype3 NpuAdzaHe Ha PYMUHHU CKPUHUH-
208u memogu kamo 2a3zoBa xpomamozpagua - mac
cnekmpomempua. MemaboAuzmbm Ha mecmocme-
poHa U Ha NPO-XOPMOHUME uHgyuupa npomeHu 6
NAa3mMeHUMe U YypuHHUME KOHUEHMpayuu Ha camus
mecmocmepoH, KaKmo u Ha HezoBume memaboaumu
(1,2, 24).

OnpegeaaHemo Ha 2paHuyHa (cut-off) cmotHocm
3a mecmocmepoH B ypuHama, obaye, He e gocma-
mbuHOo uHgopmamuBeH memog 3a gemekuua Ha ek-
302eHeH BHoOC, 3awomo ce HabalogaBam 2oaemu  UH-
mep- u uHmpa-uHguBugyaaHu Bapuauuu 6 ypuHHume
My KoHueHmpauuu. Hanpumep, 6 Hawama u3zBagka
Npu mbXXeme mecmocmepoHbm 6 ypuHHume npobu
Bapupa om 1,570 (95% AMW: 1,332-2,138) ng/mL go
118,295 (95% AM: 103,298-125,800) ng/mL,

a npu >keHume - om 0,742 (95% AW: 0,660-0,882) ng/
mL go 21,041 (95% AW: 17,696-24.264) ng/mL. B Aamu-
HO-amepukaHcka nonyaauua 8 npoyuBane Ha Martinez-
Brito D. u comp., npu mb)keme pehepeHmHuam uHmep-
Baa e 4-181 ng/mL, a npu >keHume - 2-54 ng/mL (10).
B AHmu-gonuHzoBama aabopamopusa 8 Kamap, uzmepe-
HumMe cmouHocmu 3a 97,5 nepceHmuA Ha mecmocme-
POH Ca gocma CXOgHU C Hawume - npu mbxkeme ca 113
(95% AN: 102-128) ng/mL, a npu >xeHume - 29 (95%
A: 21-39) ng/mL (25). AuzaiHbm u memogume Ha u3-
caegBaHe U cmamucmuuecku aHaAu3 Ha yumupaHomo
nonyaauyuoHHo npoyuBaHe Ha Saad K. u comp. (25) 3a
ycmaHoBaBaHe Ha pegpepeHmMHU cMOoUHOCMU 3a eHgOo-
2eHHU CMepougu ca CXOgHU Ha Hawume.

Mpe3 80-me 2oguHu Ha muHaaua Bek Gewe om-
Kpumo, 4ye ynompebama Ha mecmocmepoH NpomeHs
CbOMHOWEHUEMO Ha MecmoOCMepPOH 2AIKYPOHUg
KbM enumecmocmepoH 2atokyporug (T/EpiT) 8 ypu-
Hama (26). EnumecmocmepoHbm e ecmecmBeto cpe-
waw, ce buorozuuHo HeakmuBeH enumep Ha mecmoc-
mepoHa, Koimo ocmaBa omHOCUMEAHO NOCMOAHEH
8 ypuHama. MovpBoHauaaHo, Ha Ha3za nonyaauuUOHHU
uzcaegBaHun, e npegaoXkeHa 2paHuyHa cmoUHocm
6.0 3a omHoweHuemo T/EpiT kamo mapkep 3a yno-
mpeba Ha cuHmemu4yeH mecmocmepoH. [1pe3 2004
2. ( TD2004EAAS), ma3u 2paHuyHa cmouHOCm e 3aHu-
»KeHa go 4,0. Chopeg gaHHUME Om HAKOAKO Aabopa-
mopuu, cpegHomo cbomHoweHue T/EpiT Bapupa om
0,9 go 1,6 3a 3gpaBu toHowu u mbxe. B Oaumnulicka-
ma aHaaumuyHa Aabopamopua Ha YHuBepcumema 6
KaaudpopHusa, Aoc Anxkeauc (UCLA) e ycmaHoBeHo,
ye cpegHomo cvbomHoweHue T/EpiT e 1,1 (cpegHo
0,9), kamo 6 npubauzumeaHo 99,6% om ypuHHume
npobu e <4,0, a 6 99,8% e <6,0 (5).

Om noBeue om gecemuaemue e uzBecmHo, ue
cbomHoweHuemo T/EpiT 6 ypuHama e 3HauumeAHo
NO-HUCKO Npu onpegeAeHU emHuyecku 2pynu. ToBa
HabAlOgeHUe e 02paHuUYuA0 ecpekmuBHocmma Ha no-
NYAAUUOHHO HazupaHume My 2paHuUYHU cmolUHoCmu
Kamo ckpuHuHeoB8 mecm 3a ynompeba Ha mecmo-
cmepoH. Taka, B cpaBHeHue ¢ gaHHume npu KaBkazka
paca, npu azuamcka nonyaauua mbxke cmouHocmu-
me Ha CbOMHOWeEeHUEeMo ca HamepeHu No-HUCKU (27).

Llupkyaupawume KOHUeHMpayuu Ha cmepoug-
HUMeEe XOPMOHU ce KoHmpoAupam om cybgamuausn
Ha ypuguH gugocgo (UDP)-2Al0KypOHO3UA mpaHc-
depazume - UDP-2al0kypoHO3uA mpaHcgepaza 2B
(UGT2B), yaecHaBawa omgeaaHemo Ha cmepougume
C ypuHama upe3 peakuuu Ha 2Al0KYpOoHU3auua, Koumo
npaBam cmepougHuMe MOAEKYAU NO-XUGPOCUAHU.
UGT2B17 e ocHoBHuam eH3um om cybdpamuauama
UGT2B, kolmo KOHio2upa 2AI0KYpPOHUg KbM mMecmo-
CmepoHa, guxugpomecmocmepoHa U aHgpocmepoHa
B uepHua gpob u MmbKaHumMe. Auua, XOMO3U20MHU 3a
gereuun Ha UGT2B17 2eHa (del/del) Hamam uau ca
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C He3HauumeAHu KoauyecmBa  mecmocmepoH
2AlOKYypoHug 6 ypuHama, gokamo ekckpeuusma Ha
gBama ocHoBHU mecmocmepoHoBu memaboauma,
aHgPOCMEPOH 2ADKYPOHUY U €MUOXOAAHOAOH 2AIOKY-
POHUQ, € MAAKO NO-HUCKA UAU CXOgHA HAa Ma3u nNpu Au-
uama c eguH (ins/del) uau gBa (ins/ins) areaa Ha 2eHa
UGT2B17. UGT2B17 noaumopcuzmbm He e cBbp3aH
¢ Bapuauuu 6 cepymHume KOHUeEHMpauuu Ha mec-
mocmepoH (27). AonbAHUMeEAHU npoydBaHua pazkpu-
Bam, ue 2oAemume pazauku 6 KOHUeHMpayuume Ha
mecmocmepoH B ypuHama 6 pazauuHU nonyaauuoH-
HU npoyuBaHua ca cBbp3aHu UMEHHO C geAeuuoHUa
noaumopgu3zbm Ha UGT2B17 2eHa (27, 28).

YcmanoBeHo e, ye yecmomama Ha obuualHus
geneuuoHeH noaumopduzbm Ha UGT2B17 2eHa ce
pasaudaBa mexkxgy emHudeckume 2pynu - No-4ecmo
cpewaH e npu aguamuu u npu 6arama paca, OMKOAKO-
mo npu agppo-amepukaHuume (19). Cnopeg cpabHu-
meAHomo npoyyBaHe Ha Jacobson u cbmp., mbxKe, X0-
Mo3u20mHu 3a noaumopduzma ¢ UGT2B17 geaeuus,
umam U3KAIOUUMEAHO HUCKU go HeomKpuBaemu KOH-
ueHmpauyuu Ha mecmocmepoH 8 ypuHama u mo3u
2eHOMuUN e 7 N'bMu NO-4eCMO CpewaH Npu mbxeme
B Kopena (66,7%) omkoakomo 8 LLBeuus (9,3%). Kon-
ueHmpauyuume Ha enumecmMoCMEPOH Ca CXOGHU Npu
2-me emHuuyecku 2pynu, HezaBucumo gaau umam Hu-
cku uAau Bucoku KOHUEHmMpauuu Ha mecmocmepoH 6
ypuHama (27).

3a no-gobpo aHaAuzupaHe Ha CbOMHOWeEHUEeMo
T/EpiT Ha 6azama Ha 2eHomunu3upaHe, Schulze u
cbmp. (28) ugeHmudpuyupa muke ¢ 2 (ins/ins), 1 (ins/
del), uau 0 (del/del) konua Ha UGT2B17 2eHa u u3zcaeg-
Ba cmepougHume um npocpuau 6 ypuHama caeg i.m.
UHXeKuua Ha mecmocmepoH eHaHmam. OuakBaHo,
6a3zarHUMeE KOHUEeHmMpayuu Ha mecmocmepoH 6 ypu-
Hama u T/EpiT ca 3Hauumo no-Hucku 3a 2pynama del/
del. CpegHume cmouHocmu Ha T/EpiT ca coomBemto
0,14;1,4 u 2,3 3a del/del, ins/del u ins/ins 2pynu, coom-
BemHo. bazaaHuUMe KOHUEHMpayuu Ha enumecmoc-
mepoH He ce pazaudaBam mexxgy omgeaHume 2pynu.
Caeg npuArazaHe Ha mecmocmepoH, cpegHama cmod-
Hocm 3a T/EpiT 8 epynama del/del ce yBeauuaBa go
5,3; npu 40% om yuyacmHuuyume, obaye, He gocmuza
go 4,0. 3a pazauka om masu 2pyna, 8 ins/del u ins/ins
2pynu cpegHomo cbomHoweHue T/EpiT HapacmBa
go 50,4 u 100, pecnekmuBHo. KoHueHmpauuume Ha
enucmocmepoH 8 ypuHama ocmaBam no-Hucku 866
Bcuuku 2pynu, HO He ce pa3audaBam mexkgy omgea-
Hume 2pynu. Koeamo ce npuao>kam cmaHgapmume
Ha WADA c epaHuyHa cmotHocm 4,0 3a T/EpiT, 94%
om yuyacmHuuume 6 2pynama del/del umam gparwu-
Bo ompuuameaeH pezyamam Ha 2-pu geH, 41% - Ha
6-mu geH u 71% Ha 11-mu geH cAeg npuaazaHemo
Ha mecmocmepoH. feHomun-cneyuuYHa 2paHuYHa
cmouHocm 1.0 3a T/EpiT npu del/del auua gaBa gpan-

wuBo ompuuameareH pesyamam 6 43% om cayvau-
me Ha 2-pu geH u eaumuHupa Bcuuku parwuBu om-
puuameAHu pejyamamu Ha 6-mu u 11-mu geH (28).
Te3u peyamamu nokazBam, ye 2eHomun-cneyuuy-
HU 2paHuUYyHU cmolHoCmuU Mo2am ga noBuwam edek-
muBHocmma Ha mecmBaHemo Ha CbomHoweHUemMo
T/EpiT. 3a cb>kareHue, NOHACMOAWEM € MPYgHO U
ckbno Aabopamopuume ga Bkalovam 2eHemuyHU
aHaauzu B cBoume pymuHHu mecmoBu npouegy-
pu u ga ckpuHupam Bceku cnopmucm 3a geaeyuu 6
UGT2B17 2ena. AAmepHamuBeH nogxog e ga ce u3-
noa3Ba Huckomo cvomuowenue T/EpiT 8 ypuHama
<0,2 kamo mapkep Ha del/del noaumopdguzma. ToBa,
obaue, bu 6uro npobaemamuyHO, MbU KAaMO nhozpeuw-
HO Ou KAacuduuyuparo chnopmucmu, 3a0ynompebuau
C KOMbUHauua om mMecmocmepoH U enumecmocme-
poH (3a noHuxkaBaHe cmotHocmma Ha T/EpiT), kamo
Hocumenau Ha del/del noaumopdguszbm. B me3u cayuau
ce uzuckBa uau 2eHomuNu3uUpaHe, UAU gpyau mecmo-
Be 3a omkpuBaHe Ha gonuH2 C enumecmocMmepoH,
Hanpumep CbOMHOWEHUEMO Ha enumecmocmepoHa
kbm 5-aHgpocmen-3B,17a-guoa (29) uau 13C/12C us-
OMONHO CbOMHOWEHUE Ha enumecmocmepoH 30).

B Hawama cmpaHa He e npoBexkgaHo npoyuBaHe
3a yecmomama Ha UGT2B17 geareyuoHHUA NOAUMOP-
u3zbm. INpegnonaza ce, ye yecmoma npu Hba2apcka
nonyAauua € OMHOCUMEeAHO no-Hucka, npubaukaBa-
wa ce kbm cvbobwabBaHama 6 npoyuBarua npu Kab-
Kazkama paca. PecpepeHmHusm o6x8am Ha T/EpiT 3a
mbxeme B8 Hacmoawama penpezeHmamuBHa uzBag-
ka e om 0,073 (95% AW 0,064-0,081) go 4,234 (95%
AW 4,003-4,585), a 3a >keHume - om 0,109 (95% AU
0,062-0,158) go 1,994 (95% A 1,725-2,354). Moxe ga
ce CheKkyaupa, Ye Auyama ¢ no-HUCKume cmoUHoCcMu
ca HOCUMEAU Ha geAeUUOHHUA NOAUMOPCU3bM Ha
UGT2B17 2eHa. B npoyuBanemo Ha Martinez-Brito D. u
CbMmp., Npu Mb>keme pedepeHmHuam uHmepBan Ha T/
EpiT e 0,09-5,62, a npu >xeHume - 0,12-3,76 - goAHUMe
2paHuuu ca CxogHu, Ho 2opHume ca no-Bucoku (10).

[eHOomunHo-cneyuuyHUMeE 2paHuUYHU  CMOU-
Hocmu Ha cbomHoweHuemo T/EpiT 6uxa 6uau oco-
6eHo noAe3Hu, kozamo ycmanoBaBam unguBugyaaHu
6azarHu cmolHocmu. KoHuenuuama ce ocHoBaBa
Ha HabAtogeHuemo, ye cbomuoweHuemo T/EpiT npu
eguH uHguBug obukHoBeHo Bapupa nog 30%, go-
kamo BapuabuaHoCmma Mexxgy omgeAHume UHgu-
Bugu e 3HayumeAHo no-zoasma. MHguBugyaaHume
pe3yamamu 3a T/EpiT om Hal-maako 3 mecma ce u3-
noazBam 3a ycmanoBaBaHe Ha 6a3zaaHa cmolHocm,
a pe3yamamu, Koumo ce pazaudaBam 3HavumeAHo
om nocaegHama, ca gokazameacmBo 3a uznoa3Baxe
Ha cuHmemuyeH mecmocmepoH. To3u Nogxog moxxe
ga 6bge uznoa3zBaH 3a omkpuBaHe Ha ynompeba Ha
MecmoCcmepOoH NPU AUUA C gEAEUUOHEH NOAUMOPU-
3bm Ha UGT2B17 2eHa u ga goBege go omnagaHxe Ha
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Heobxogumocmma om 2eHemu4Ho u3caegBare. Ha-
AUMUEMO Ha HopMU 3a BbA2apcka nonyaauua Mbxke u
>KEHU Ha Hal-ekcnAoamupaHomo CbOMHOWeEHUe Ha
aHaboAaHume cmepougu 6 ypuHama wie cnomozHe u
NO OMHoWeHUe NO3UUUOHUpPaHemo Ha uHguBugyan-
Hume GazaAHU CMOUHOCMU NPU cnopmucmu.

Lllo kacae gpyaume aHgpO2EHHU CcMepougu
- aHgpPOCMEpPOH, eMUOXOAAHOAOH, 5a-u 5B-aHgpoc-
MaHguoA, HaMepeHuUme om Hac pedepeHmHu cmou-
Hocmu 3a gBama noaa mozam ga 6bgam cpaBHeHu
¢ gpyau npoyuBaHua npu omgeAHU emHOCU U Npo-
BegeHu B pazauuHu Aabopamopuu, uznoazBawu 2a-
306a xpomamoepadpua-mac-cnempomempus 3a aHa-
AU3 Ha ypuHHUMe Npobu cnopeg cmaHgapmume Ha
WADA.

B 3akAroueHue, ycmaHoBeHume HayUuOHaAHU HOp-
MU 32 aHgpozeHHU cmepougu 8 ypuHama npu pe3npe-
3eHmamuBHa nonyaayuoHHa u3Bagka mbXKe U XKeHu
B8b6 Bv3pacmma 16-18 20guHu we caykam Had-Beue

3a ueaume Ha GUOAO2UMHUME NACNOPMU Ha CNop-
mucmume u kKoHmpoaa Bbpxy 3aoynompebama ¢
eK302eHHU aHaboAHu cmepougu 6863 ocHoBa Ha uH-
guBugyaaHume cmepougHu npoguau - BazasHu u
npu npocaegaBaHe no Bpeme Ha u u3BbH cbcmesa-
Hua. Ho, pedpepeHmHume 2paHuuu Ha cmepougume
Mo2am ga caykam u kamo 6a3a 3a omkpuBare Ha
eHgo2eHHa namoAo2ua — eH3umMHu gedpekmu 6 cme-
pougozeHe3ama, aHgpozeH-Npogyuupawu mymopu,
pa3AUYHU XUnepaHgpO2eHHU CbCMOAHUA NPU >KeHU
U gpyau eHgoKpUHHO-06MeHHU 3a60Aa8aHun, Koumo
cb3zgaBam 3ampygHeHua B KAUHUYHamMa npakmMuka.
MpoyuBaruama mo2am ga Gbgam pazwupeHu ¢ on-
pegeAaHe Ha HOPMU 3a gpyau CbOMHOWEHUA MEXJY
omgeAHUmMe cmepougu, Koumo ca uHgopmamuBHu
3a ek302eHeH BHOC Ha cmepougu UAU eHJOREHHU Ha-
pyweHun; uzBvpwBaHe Ha cpaBHumeAaHu cmamuc-
MUYECKU aHAAU3U CbC CXOQGHU NONYAAUUOHHU Npo-
yuBaHua npu gpyau emHocu.

www.endotext.org

v CBo60gHO gocmbneH calim, npegaazauy uguepnameAHa
uHpopmayua 6b6 Bcuuku obAacmu HA KAUHUYHAMA
eugoupuumoeua npegocmaﬁeua om eKun Gogetuu
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Androgenic steroids are widely spread amongst athletes and their use in different forms is a major problem in
the contemporary world of sports. The Program of the World Anti-Doping Agency (WADA) for biological passports
for athletes introduces a standardized module (so-called ,steroid profile”) for each athlete, which allows the iden-
tification of exogenously taken anabolic androgenic steroids (EAAS) on the Prohibited List. It has been proved that
the steroid profile depends on sex, age, physical activity, diet and ethnicity.

Aim: Determination of the referent values of steroids in the urine of a representative excerpt of a Bulgarian
population of clinically healthy men and women 16-30 years old, sporting in their free time, with a view to estab-
lishing national norms of ,steroid profile” indices.

Materials and Methods: The study was carried out in the period 2016-2017 and involved 1189 persons (840
males - 70,6%; 349 females - 29,4%), 16-30 years old, clinically healthy and recreationally sporting. Geograph-
ically, the groups of participants are uniformly distributed within the country. In the urine samples, the following
indices have been recorded: testosterone (T), epitestosterone (EpiT) and their ratio (T/EpiT), androsterone (A), etio-
cholanolone (Etio), 5a-androstane-3a,17p-diol (5a-diol), 5p-androstane-3a,17p-diol (5p-diol). Gas-chromatography
with mass-spectrometry was used to qualitatively assess the steroids.

Results: The referent values of T, EpiT, T/EpiT, A, Etio, 5a-diol, 5p-diol have been determined. The range of 2,5-
97,5 percentile with 95% confidence interval (Cl) of the examined steroid profile components of the both sexes
was separately presented.

Conclusion: The created national database of the steroid-profile indices would be used to compare the individ-
ual results of the ,biological passport” of the young generation of Bulgarian athletes, as well as for their prolonged
follow-up in- and out-of-competition, in order to eliminate wrong interpretations of deviations that may occur

Key words: anabolic androgenic steroids; Program of athletes’ biologic passports; steroid profile; referent
values; gas-chromatography with mas-spectrometry.
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Introduction

Anabolic androgenic steroids are widely spread
amongst athletes and their use in different forms is a
major problem in the contemporary world of sports
(1, 2). The determination of the origin of the anabol-
ic steroids - endogenic (physiological) or exogenical
(pharmaceutical), is complex in that, in addition to
their biological effects, these substances are a pop-
ular instrument for the enhancement of physical per-
formance and results in sport. (3). The official ban on
their use in sport requires strong efforts and resources
for the development of universal screening strategies
for proving their presence. In the fight against doping
in sport and providing uniformity in doping control, an
independent international organization - the World
Anti-Doping Agency (WADA) was established in 1999.
Despite achieving good results, presently the discov-
ery of the deviations in the urine concentrations of the
endogenous steroids, due to exogenous introduction,
continues to be one of the greatest challenges facing
the WADA-accredited anti-doping laboratories.

The term ,Athlete’s Biological Passport” was
suggested for the first time at the beginning of 2000
by scientific units, which identify selected hemato-
logic indices (blood doping markers) as a tool for the
determination of an individual hematologic profile.
After its establishment, WADA has launched activi-
ties to fully develop, harmonize and validate this con-
cept. As a result of these activities, official operative
guidelines and mandatory standards, known as the
Program of Athlete’s Biological Passport, were pub-
lished for the first time in 2009 (4). These standards
for the preparation of biological passports do not
replace the application of the traditional analytical
methods for testing of certain indices, but rather add
to the methods with a view to elaboration and rein-
forcement of the anti-doping strategies as a whole.

Within the Program framework, a standardized
method for uncovering the misuse of androgenic ste-
roids via the study of certain indices in urine samples
is also included. The steroid module (so called ,steroid
profile”) aims to identify endogenous anabolic andro-
genic steroids (EAAS), when exogenous and other an-
abolic agents (substances) on the Prohibited List have
been administered. In 2014, the ABP steroid module
was introduced and the laboratory methods match the
requirements of WADA’s TD20T4EAAS (5).

In the WADA Program, the steroid profile is de-
fined as a totality of known endogenous substances,
structurally linked to testosterone, its biosynthetic pre-
cursors and metabolites, used in the anti-doping pro-
tocols for a follow-up of the administration of anabolic
androgenic steroids. In the steroid profile, the follow-
ing markers are included: 5a-androstane-3a,17p-diol

(5a-diol); 5B- androstane-3a,17f-diol (5p-diol); an-
drosterone (A); etiocholanolone (Etio); testosterone
(T); epitestosterone (EpiT) and their ratio (T/EpiT) (4).
WADA recommends referent limits for the concentra-
tions of the indices of the urine steroid profile and
some ratios between them, which are markers for the
use of testosterone and its precursors (5). Hence, urine
concentrations of T or EpiT higher than 200 ng/ml, or of
A or Etio higher than 10000 ng/ml, or T/EpiT over 4, are
generally accepted as atypical deviations (5).

It has been proved that the steroid profile is affect-
ed by sex, age, physical activity, diet and ethnicity (6-8).
The last fact is exceptionally important, since data about
differences in the referent range of key steroid indices,
between both different ethnic populations and distinct
laboratories, are accumulated in the literature (9). As an
example, the concentrations of T, epiT, A, Etio, DHEA,
5a-diol u 5@-diol in the Latin-American population are
1,6-1,9 higher than those in the Caucasian population
(10). Besides, significant variations are found in the
expression of the enzyme uridine diphosphate (UD-
P)-glucuronosyltransferase 2B17 (UGT2B17), which
has an important role in the testosterone metabolism in
people (it catalyzes the transfer of the UDP-glucuronic
acid to testosterone molecule, in order to increase its
renal excretion) (11, 12), both intra-populational and
between populations, due to the diverse distribution of
the polymorphism with deletion of the UGT2B17 gene
(13). Persons with UGT2B17 deletion(s) have higher
serum levels of T (by 15%) and lower excretion of T in
urine (by ~ 90%) (15-17). Additionally, the UGT2B17
deletion is linked to a lower T/EpiT ratio, which is a
routine marker for testosterone-misuse uncovering at
doping control (18, 19). The establishment of our own
national referent ranges of the steroid-profile compo-
nents would differentiate the ethnic variations.

The present study was aimed at determining the
referent values of urine steroids in a representative ex-
cerpt of the Bulgarian population of clinically healthy
males and females aged 16-30 years, recreationally
sporting (in their free time), with the view of establish-
ing national norms of the steroid profile indices. Based
on reliable statistical analyses, this national database
would be useful for comparison of the individual results
of the ,biological passport” of the young generation
Bulgarian athletes, and also for a long-lasting follow-up
of the steroid profile in- and out-of-competition, in or-
der to eliminate wrong interpretations of established
deviations. ,Fair Play” and the protection of the health
of athletes are the basic principles of the National An-
ti-doping Program in Bulgaria.
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Material and Methods

The study was carried out in the period 2016-2017
and involved 1189 persons (840 males - 70.6%; 349
females - 29.4%), 16-30 years old, clinically healthy
and non-professionally (recreationally) sporting in their
free time. As a total number of the target age-interval,
this excerpt matches the representability requirements.
The necessary number of cases guaranteeing maximal
statistical error not-greater than 3%, of the Bulgarian
population in the age range 16-30 years, is 1067, based
on the data for the quoted period of the National Sta-
tistics Institute (20).

The participants in the study complied with the fol-
lowing inclusion criteria: recreational sporting; free-diet
regimen without purposive diets limiting calories and
the intake of certain nutrients; lack of acute and clin-
ically important chronic diseases; lack of use of med-
ications and nutritional supplements that could affect
steroid-hormones levels and metabolism not less than
3 months prior to the enrolment in the investigation.
Geographically, the groups of participants are uniform-
ly distributed throughout the country.

The samples were collected in compliance with
the requirements of the WADA International Standard
for Testing and Investigations (21) and were analyzed in
the Doping Control Laboratory of the Antidoping Cen-
tre of the Ministry of Youth and Sports. Urine samples
with low specific gravity <1,004 were not analyzed.
Urine samples with established bacterial contamina-
tion were not used. In all other samples, the obtained
steroid concentrations were corrected to specific grav-
ity 1.020 (TD2014EAAS). The following indices were
analyzed: testosterone (T); epitestosterone (EpiT) and
their ratio (T/EpiT); androsterone (A); etiocholanolone
(Etio); 5a-androstane-3a,17p-diol (5a-diol); 5B-andros-
tane-3a,17p-diol (5p-diol).

Description of the laboratory settings:

Gas-chromatography  with  mass-spectrometry
(GC/MS) was used to qualitatively assess the steroids
after hydrolysis, liquid-liquid extraction and derivatiza-
tion (TD2014EAAS). One mL of urine was hydrolysed
with B-Glucuronidase (E. coli K 12) at pH=7,50 oC for
1 h. Afterwards, liquid-liquid extraction (LLE) with ter-
tiary-butyl-methyl ester (tBME) was performed at pH
9,6. The separated organic phase was evaporated to
dry, dehydrated at vacuum and derivatized with 50
pul MSTFA/NH41/2-ME (500:1:3). d5-Etiocholanolone,
d3-Epitestosterone and d3-Testosterone were used as
internal standards (ISTD).

Chromatograph separation and quantification
The samples were analyzed by gas-chromatograph
with mass-selective detector Agilent Technologies

7890A/5975C. A gas-chromatograph column Agilent
DB-1TMS (20 m x 0,180 um x 0,18 um) - 100% Dimeth-
ylpolysiloxane, was used. The injection volume for all
samples was 3 times 2 pl. The temperature gradient of
the oven begins at 190 °C and a hold of 3 min, then
heated to 218 °C by a step of 2 °C/min and a 3-minute
hold. The second gradient step is an increase by a step
of 2 °C/min up to 230 °C, without any retention. The
third gradient step is of 20 °C/min up to 300 °C, with
a hold of 6 min. Helium at a flow rate of 1T mL/min was
used as the carrier gas. The operation mode of the
detector was SIM, in case of ionization with electron
impact (70 eV).

Detected compounds were Androsterone
(m/z 434), Etiocholanolone (m/z 434), 5a-Andros-
tane-3a,17p-diol (m/z 436), 5B-Androstane-3a,17p-diol
(m/z 436), Epitestosterone (m/z 432), Testosterone
(m/z 432), d5-Etiocholanolone (m/z 439), d3-Epitestos-
terone (m/z 435), d3-Testosterone (m/z 435). A 5-level
calibration curve was used to quantify the compounds.

Statistical analysis: The data were set up and pro-
cessed via the Refval v.4.11 program, considered to be
the laboratory standard. After removal of the extremal
values, the distribution type was determined and, if not
normal, it was converted to normal via mathematical
techniques Afterwards, the referent values were as-
sessed via the parametric method. In the cases where
the distribution of the empirical data could not be con-
verted to normal, an improved variant of non-paramet-
ric determination of the referent limits was used.

Results

For the period 2016-2017, the ,steroid profile” has
been determined at 1189 clinically healthy and recre-
ationally sporting persons 16-30 years old, 840 (70,6%)
males and 349 (29,4%) females (Fig. 1).

Preliminary data analysis revealed that there are a
number of values (-1) and (-2), which have to be re-
moved from the excerpt. The calculation of the referent
values was accomplished by using two methods - para-
metric and non-parametric. The parametric method is
statistically more reliable, but it requires a normal dis-
tribution. The analysis done (graphic and computing
- Kolmogorov-Smirnov test) have shown that none of
the investigated indices has a normal distribution (Fig.
2 and Fig. 3).

Another obstacle for the reliable calculation of
the referent limits are the values referred to as ex-
tremal values. The performed analysis revealed that
participants of both sexes have a number of such val-
ues at all indices.
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Sex distribution of the study
participants.
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) % 70,6 %

Frequency distribution of male participants by 5a-androstanediol, p<0,001 (a); 5a-androstanediol, p<0,001 (b); androsterone,
p<0,001 (c); epitestosterone, p<0,001 (d); etiocholanolone, p<0,001 (e); T/epiT, p<0,001 (f); testosterone, p<0,001 (g).
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The solution to the problem about the lack
of normality of the empiric-data frequency dis-
tribution is possible via the use of mathematical
techniques for its normalization. The problem of
the extremal values is resolved with their removal.
Both options are present in the Revfal programme
that is considered to be the clinical laboratory
standard. In this study, we have applied Revfal
v. 4.11, a version in which an improved variant 50
for non-parametric determination of the referent
limits has been additionally developed, for cases
where the empiric-data distribution could not be
adjusted to the normal. This had to be imposed in 0
13 cases, out of 14 cases totally. 0 50 . 150 200 750

Frequency distribution of female participants by 5a-androstanediol, p<0,001 (a); 5f-androstanediol, p<0,001 (b); androsterone,
p<0,001 (c); epitestosterone, p<0,001 (d); etiocholanolone, p<0,001 (e); T/epiT, p<0,001 (f); testosterone, p<0,001 (g).
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In Table 1, the referent values for the 2,5 and 97,5 percentiles, as well as the limits of 95% confidence interval
(Cl) of these values, are presented separately for the both sexes. At nearly all indices for both sexes, the results of
the improved non-parametric method of the program Refval 4.11 have been used. Only at the T/epiT index of the
females, distribution normalization has been attained, and the parametric method has been applied to it.

Table 1. Referent values of the indices 5a-diol, 5-diol, A, Etio, T, epiT, and T/epi for the both sexes.
Index Sex Percentile Referent 95% CI
values Lower Upper
limit limit
5a-androstanediol | Male 0,025 9,630 7,774 11,400
(ng/mL) 0,975 173,450 158,200 197,200
Female 0,025 2,504 1,708 3,950
0,975 67,118 60,092 71,932
5p-androstanediol | Male 0,025 13,570 11,650 16,318
(ng/mL) 0,975 504,700 478,556 564,700
Female 0,025 5,070 3,225 6,315
0,975 206,150 176,455 259,699
Androsterone Male 0,025 427,130 339,781 584,728
(ng/mL) 0,975 7481,750 6970,875 8340,000
Female 0,025 214,995 168,726 317,158
0,975 6338,546 5205,053 7244,645
Etiocholanolone | Male 0,025 280,900 230,676 357,236
(ng/mL) 0,975 5439,184 4832,168 6228,000
Female 0,025 173,560 123,705 261,362
0,975 4865,412 4246,000 6742,000
Testosterone Male 0,025 1,570 1,332 2,138
(ng/mL) 0,975 118,295 103,298 125,800
Female 0,025 0,742 0,660 0,882
0,975 21,401 17,696 24,264
Epitestosterone Male 0,025 3,420 2,874 4,173
(ng/mL) 0,975 95,540 86,132 107,686
Female 0,025 1,274 1,110 1,490
0,975 29,505 26,336 32,084
T/epiT Male 0,025 0,073 0,064 0,081
0,975 4,234 4,003 4,585
Female 0,025 0,109 0,062 0,158
0,975 1,994 1,725 2,354

Cl - Confidence Interval
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Discussion

Measurement of the androgenic-steroids levels
in urine is a diagnostic method, used in clinical en-
docrinology for the diagnosis of enzyme defects in
steroidogenesis. In the field of anti-doping strategy,
the urine steroid profile serves for the uncovering of
the misuse of substances prohibited in sport. Anabol-
ic Androgenic Steroids are the most strongly misused
class of banned substances. Testosterone, being first
synthesized and purified by Leopold Ruzicka and Ad-
olf Butenandt in 1935 (22, 23), presently has a lead-
ing role in doping-positive Adverse Analytical Findings.
At the beginning of the 1990’s certain endogenous
steroids (including dehydroepiandrosterone, 4-andro-
stenedione, dihydrotestosterone, and 5-andostenediol)
were marketed as nutritional supplements, enabling ac-
cess to these pro-hormones. Proving testosterone mis-
use is problematic, since synthetic testosterone is indis-
cernible from the endogenous one by the application
of routine screening methods like gas chromatography
- mass spectrometry. The metabolism of testosterone
and of pro-hormones induces changes in the plasma
and urine concentrations of testosterone itself, as well
as of its metabolites (1, 2, 24).

Nevertheless, the determination of the testoster-
one cut-off value in urine is not a sufficiently informative
method for exogenous-input detection because large
inter-and intra-individual variations in its urine concen-
trations are observed. As an example, in our excerpt,
testosterone in urine samples of males varies from
1,570 (95% Cl: 1,332-2,138) ng/mL to 118,295 (95%
Cl: 103,298-125,800) ng/mlL, and of females - from
0,742 (95% Cl: 0,660-0,882) ng/mL to 21,041 (95%
Cl: 17,696-24,264) ng/mL. In a study by Martinez-Brito
D. et al. on a Latin-American population, the referent
interval is 4-181 ng/mL in males and 2-54 ng/mL in fe-
males (10). In the Qatar Doping Control Laboratory,
the testosterone measured values for 97,5 percentile
are rather similar to our results - they are 113 (95% Cl:
102-128) ng/mL at the males and 29 (95% Cl: 21-39)
ng/mL in females (25). The design and the methods of
research and statistical analysis of the quoted popula-
tion study of Saad K et al. (25) for determining the ref-
erent values of endogenous steroids are similar to ours.

In the 1980's, it was found that testosterone use
changes the urine ratio of testosterone glucuronide to
epitestosterone glucuronide (T/EpiT) (26). Epitestos-
terone is natural biologically inactive testosterone epi-
mer, which remains relatively constant in the urine. Ini-
tially, on the basis of population studies, a limit value
of 6,0 was suggested for T/EpiT ratio as a marker for
synthetic-testosterone use. In 2004 (TD2004EAAS),
this limit value was reduced to 4.0. According to the
data from several laboratories, the mean T/EpiT ratio

for healthy youths and males varies from 0,9 to 1,6.
In the Olympic Analytical Laboratory of the Califor-
nian University in Los Angeles (UCLA), it has been es-
tablished that themean T/EpiT ratio is 1,1 (mean 0,9),
being < 4,0 in about 99,6% and < 6,0 in 99,8% of the
urine samples (5).

It has been known for more than a decade that
the T/EpiT ratio in urine is significantly lower in certain
ethnic groups. This observation has limited the effica-
cy of population-based cut-off values of the ratio as a
screening test for testosterone use. Thus, in the Asian
male population the ratio values are found to be lower,
compared to the data of the Caucasian race (27).

Steroid-hormones circulating concentrations are
controlled by a subfamily of uridine diphosphate (UD-
P)-glucuronosyl transferases - UDP-glucuronosyl trans-
ferase 2B (UGT2B), which facilitates the steroids excre-
tion with urine via glucuronisation reactions that make
steroid molecules more hydrophilic. UGT2B17 is the
basic enzyme of the UGT2B subfamily that conjugates
a glucuronide to testosterone, dihydrotestosterone and
androsterone in the liver and tissues. Individuals, homo-
zygotes for deletion of the UGT2B17 gene (del/del), do
not have or have insignificant quantities of testosterone
glucuronide in urine, whereas the excretion of the two
major testosterone metabolites androsterone glucuron-
ide and etiocholanolone glucuronide is slightly lower or
similar to that of persons with one (ins/del) or two (ins/
ins) alleles of the UGT2B17 gene. The polymorphism of
the latter is not related with variations of testosterone
serum concentrations (270. Additional studies revealed
that the great differences in testosterone urine concen-
trations in diverse population-investigations are related
to the polymorphism of the UGT2B17 gene (27, 28).

It has been established that the frequency of the
usual deletion polymorphism of the UGT2B17 gene
differs among ethnic groups - it is more frequent in
the Asiatic and Caucasian races than in Afro-Americans
(19). According the comparative investigation of Jacob-
son et al., males, homozygote for the polymorphism
with UGT2B17 deletion, have extremely low, up to
undetectable, testosterone concentrations in urine; this
genotype is 7 times more frequent in males in Korea
(66,7%) than in Sweden (9,3%). The epitestosterone
concentrations of the two ethnic groups are similar,
independent of whether their testosterone concentra-
tions in urine are low or high (27).

For better analysis of the T/EpiT ratio on the ba-
sis of genotyping, Schulze et al. (28) identified males
with 2 (ins/ins), 1 (ins/del), or O (del /del) copies of the
UGT2B17 gene and examined their steroid profiles in
urine following i.m. injection of testosterone enantate.
As expected, the basal testosterone concentrations in
urine and T/EpiT were significantly lower for the del/del
group. The mean values of T/EpiT are 0,14, 1,4 and 2,3
for the del/del, ins/del and ins/ins groups, respectively.
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Epitestosterone basal concentrations did not differ
among the separate groups. After testosterone adminis-
tration, the mean T/EpiT value in the del/del group was
increased up to 5,3; yet, in 40% of the participants, it
did not attain 4,0. In contrast to this group, in ins/del
and ins/ins groups the mean T/EpiT ratio increased to
50,4 and 100, respectively. Epitestosterone concentra-
tions in urine remained lower in all groups, but there
was no intergroup difference. When WADA standards
with cut-off value of 4,0 for T/EpiT were applied, 94%
of the participants in the del/del group had a false neg-
ative result on the 2nd day, 41% - on 6th day and 71%
on the 11th day after testosterone administration. Gen-
otype-specific cut-off value of 1,0 for T/EpiT for del/del
persons produced a false negative result in 43% of the
cases on day 2 and eliminated all false negative results
on day 6 and day 11 (28). This data showed that geno-
type-specific cut-off values could enhance the effective-
ness of the T/EpiT-ratio testing.

Unfortunately, it is currently both difficult and ex-
pensive for the laboratories to include genetic analy-
ses in their routine testing procedures and to screen
every athlete for deletions in the UGT2B17 gene. An
alternative approach might be the use of the low T/
EpiT ratio in urine < 0,2 as a marker of the del/del poly-
morphism. However, this could be problematic, since it
would wrongly classify athletes who have misused with
a combination of testosterone and epitestosterone (for
reducing the T/EpiT value) as carriers of del/del poly-
morphism. In these cases, genotyping or other tests for
uncovering doping with epitestosterone are needed,
for example epitestosterone/5-androsten-3a,17a-diol ra-
tio (29) or 13C/12C epitestosterone isotope ratio (30).

Studies on the frequency of the UGT2B17 deletion
polymorphism have not been conducted in our coun-
try. It is supposed that in the Bulgarian population this
frequency is relatively lower, close to the frequencies
reported in studies of the Caucasian race. The referent
range of T/EpiT for males in the present representative
excerpt is from 0,073 (95% CI 0,064-0,081) to 4,234
(95% Cl 4,003-4,585), and for females - from 0,109
(95% Cl 0,062-0,158) to 1,994 (95% CI 1,725-2,354).
It might be speculated that the persons with lower val-
ues are carriers of the deletion polymorphism of the
UGT2B17 gene. In the study of Martinez-Brito D. et al.
in Latino-Americans, the referent T/EpiT interval is 0,09-

5,62 for males and 0,12-3,76 for females, i.e. the lower
limits are similar, but the upper limits are higher (10).

Genotype-specific ,cut-off” values of the T/EpiT ra-
tio would be particularly useful, when establishing indi-
vidual basal values. This conception is grounded in the
observation that the T/EpiT ratio of an individual person
usually varies less than 30%, whereas the variability be-
tween separate persons is much greater. The individual
results for T/EpiT, from 3 tests at least, are used for the
establishment of a basal value, and results that differ
significantly from the latter, are evidence for use of syn-
thetic testosterone. This approach could be applied for
the uncovering of testosterone use by persons with de-
letion polymorphism of the UGT2B17 gene and result
in eliminating the necessity of gene-examination. The
availability of norms for the Bulgarian male and female
population of the most exploited ratio of anabolic ste-
roids in urine would help as regards to the positioning
of the individual basal values of athletes.

With reference also to the other androgenic
steroids - androsterone, etiocholanolone, 5a- and
5B-androstandiol, the referent values for both sexes,
established by us, could be compared with other inves-
tigations of separate ethnic populations and conducted
in different laboratories, which use gas chromatogra-
phy-mass spectrometry for analysis of urine samples
according to WADA standards.

In conclusion, the established national norms for
androgenic steroids in urine, in a representative pop-
ulation sample of males and females, 16-18 years
old, would serve most of all for the objectives of the
Athletes’ Biological Passports and the control on the
misuse with exogenous anabolic steroids, based on
individual steroid profiles - basal and at a follow-up
in- and out-of-competitions. Besides, the referent lim-
its of the steroids could also serve as a base for the
uncovering of endogenous pathology - enzyme de-
fects in steroidogenesis, androgen-producing tumors,
different hyper-androgenic states of women and other
endocrine-metabolic diseases, which cause difficulties
in clinical practice. The investigations could also be ex-
tended to determine norms for other ratios between the
separate steroids, which are informative for exogenous
administration of steroids or endogenous disorders as
well as conducting comparative statistical analysis with
similar population investigations in other ethnic groups.
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Pe3siome

Au3zaiH: MuozoueHmpoBo, obcepBauuoHHo, kpbecmocaHo npoyuBaHe, BkarouBawo nauueHmMu Cbe 3axa-
peH guabem mun 2 (3A mun 2) Ha AedeHue CbC cyapoHuaypelHu npouzBogHu (CYIT) kKamo moHomepanus uau
8 kombuHauua ¢ mem@oOpmMuH npe3 nocaegHume 6 meceua npegu BratouBaHe 8 npoyuBanemo - RECAP-DM
(reallife effectiveness and care patterns of diabetes management), 6bA2apcko pamo.

Llea: Aa ce oueHu yecmomama Ha HexkeaaHume peakuuu npu mepanuama cbc CYIT kamo xunoz2aukemus
u npomaHa B8 meaecHomo mez2ao cpeg H6bazapcku nayueHmu cbe 3A mun 2. Aa ce oueHu agekBamHocmma Ha
2AUKEMUYHUA KOHMPOA.

Mamepuaru u memogu: b bbreapckomo pamo Ha npoyuBaHemo RECAP-DM ca BkatoueHu 149 nayueHma
¢ ycmanoBex 3A mun 2, uzkatoueHu ca 14 nopagu HecbomBemcmBue, kamo epekmuBHuam 6pod nauueHmu
6 kpalHua aHaau3 e 135 - 57 (42,2%) mbxke u 78 (57,8%) >keHu. CpegHama Bb3pacm e 66,1110,2 2. CpegHa-
ma npogbakumeaHocm Ha 3aboaaBanemo e 10,0+6,9 2. 58 (43%) nayueHmu ca Ha moHomepanua cee CYI u
cbomBemHo 77 (57%) nayueHmu ca Ha gBolHa kombGuHupaHa mepanua (MemdopmuH + CYT1). MauueHmume
€a NOAYUUAU cheyupuyHU BbNPOCHULU OMHOCHO NpUgbpP>KaHe KbM Mepanuama, 2puxa 3a cebe cu, cayyau Ha
xunozaaukemus, noBuwaBaHe Ha meaaomo u cmpax om moBa, kakmo u cmaHgapmHo u3caegBare Ha cmpaxa om
Xunoz2aukemus ¢ nomowma Ha BvnpocHuk (HFS-II Questionnaire Worry Subscale).

Pezyamamu: Cnopeg kpumepuume Ha AmepukaHckama AuabemHa Acouuauua (ADA) gobbp KOHMpOA
no omnowenue Ha HbA, (HbA, <7%) umam 54,8% om nayueHmume; no omHoweHue Ha kpbBHama 3axap
Ha 2aagHo (FPG <7,2 mmol/l) - 36,1%; nocmuezare u Ha gBeme - 24,4%. Cnopeg kpumepuume Ha MexgyHa-
pogHama Auabemna Megepauua (IDF) 3a onmumanen 2aukemuyen koHmpoa (HbA, < 6,5%; FPG < 6,1 mmol/l)
pe3yamamume npugobubam cvombemno caegHua Bug: HbA, < 6,5% umam 36,3% om nauuenmume, FPG
<6,1 mmol/l - 16,7% om nauueHmume, a nocmuzare u Ha gBeme ce ycmanoBaBa npu 12 nayuerma (8,0%).
24,4% om nauyueHmume cbobwaBam, Yye ca umaAu CUMNMOMU Ha Hucka kKpbBHa 3axap npe3 nocaegHume 6
meceua. 78,8% ca obe3nokoeHU om cumnmomume Ha Xunoz2aukemua npe3 mo3u nepuod. [pu 29,6% e Haauue
HaggaBaHe Ha meAaecHO me2A0 npe3 nocaegHama 2oguHa. 81,3 % om nauueHmume cbobwaBam 3a cmpax om
CuUMNMOMUME Ha XUNO2AUKEMUS.
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3akaroyerue: Xunoz2aukemuuHume enu3ogu ca BaxkeH npobaem B xoga Ha AeveHue cbe CYIT npu nauueHmu-
me cbe 3A mun 2. Yecmomama u mexkecmma Ha xunoz2aukemuama ce cBbp3Ba ¢ noBuweH cmpax om xunozau-
kemua. Heobxogumo e npeyu3zupaHe Ha mepanuama om rekyBawume ekunu ¢ 02aeg NoCMu2aHe Ha ONMUMAAHa

ecpekmuBHocm u 6e3onacHocm 3a hauueHmume.

KaroyoBu gymu: cyagpoHuaypetHu npousBogru (CYT1) , xunoaaukemus, 3axapeH guabem mun 2

BbvBegeHue

Bonpeku ue gvazo Bpeme aeveHuemo Ha 3axap-
Hua guabem (3A) Gewe HacouYeHO CaMO KbM HamaAa-
BaHe Ha 2aukemudyHume HuBa, npe3 nocregHume 20-
gUHU Ce HaAOXU MHeHuemo, ye 3a gobbp KOHMPOA
e Heobxogumo onmumaaHo noBausBaHe kakmo Ha
HbATc, maka u uzbaeBaHe Ha xunoz2aukemuvHume
enuzogu u oBaagaBaHe Ha 2a0k03Hama Bapuabua-
Hocm (1,2). Xunoz2aukemuuHume enu3ogu npu 3A mun
2 no npaBuao ce cpewam no-pagko B cpaBHeHue ¢
mun 1. B cowomo Bpeme mazu yuecmoma He e maaka
u B8 pazauuHu npoyuBaHug, ocoberHo makuBa, uznoas-
Bawu NPOgBLANKUMEAHO 2AI0KO3HO MOHUMOpUpaHe,
ce peaucmpupam 47% Hepa3zno3Hamu Xunoz2AuKemuu
npu 3A mun 2, kamo 6Au30 74% om max ca no Bpeme
Ha cbH (3). Hakou npoyuBaHua noka3zBam gopu no-ao-
wu pezyamamu - 83% Hepazno3Hamu Xunoz2Aukemuu
npu 3A mun 2, kamo 54% ca no Bpeme Ha CbH (4).

Mo cbwecmBo xunoz2aukemuama e cpaBHumen-
HO YeCMO YCAOXKHEHUE NPU AeyeHuemo Ha 3A, koemo
moxke ga goBege go HehamaaHu U hamarHu NOCAEg-
cmBus, ga cmade npuvuHa 3a HeonmumaaHo noBauaBa-
He Ha AeyeHUemo U Kamo uaAo ga Browu kavecmBomo
Ha >kuBom Ha nauueHma. YcmaHoBeHo e, ue puckbm
3a xunozaukemus HapacmBa ¢ HanpegBaHe Ha Bb3pac-
mma, ¢ yBeauuaBaHe Ha npogbAKUMEAHOCMMA Ha
3aboaaBaHemo, npu mexku cbnbmemBawu 3aboAa-
BaHua kamo 6bOpeyHa HegocmambuyHOCM, XUNOMuU-
peougu3zbm u gpyau. Apya pakmop, noBauaBaw, uec-
momama Ha xunoz2aukemuume, e Heno3HaBaHemo Ha
XapakmepHume um CUMNMOMU, KaKmo U Henpegnpu-
emaHemo Ha mepku 3a maxHama npeBenuua. Xunoe-
AUKEMUUME, CMPaxbm om max u onumbm ga 6bgam
uzbeaHamu ¢ noBuweH npuem Ha xpaHa, ca KAl4o0
dakmop, ozpaHuuaBaw, nocmueaHemo Ha onmuma-
A€H 2AuKemudeH KoHmpoa (5). MogHopmeru HuBa Ha
kpbBHama 3axap ca pegku npu megukameHmo3HO He-
AekyBaHu nayueHmu. Yecmomama um e HalU-CUAHO
uzaBeHa cpeg nauueHmume, AekyBaHu C UHCYAUH U
cyadpoHuAypetHu npousBogru (CYI).

OcHoBHa uea Ha npoyuBaHemo RECAP-DM
(reallife effectiveness and care patterns of diabetes
management) e ga ce OUgHU Yyecmomama Ha Hexxe-
AaHUMe peakyuu npu mepanuama cbc CYIT kamo

Xunozaaukemusn, oueHaBaHa om gokaagBaHume om
nauueHmume pezyamamu. OueHaBa ce cbwo yBe-
AuvaBaHemo Ha meAecHOMO MEe2A0 U OKOAKO CmMpa-
HUYHUME eeKkmu om AedeHuemo npumecHaBam
navueHmume. Apyzama ocHoBHa ueA e oueHkama Ha
2AUKEMUYHUA KOHMPOA. AgekBameH 2AaukemMuyeH KOH-
MPpoA ce onpegeaa cnopeg cbBpemeHHume npenopsb-
KU Ha MeXKgyHapogHume guabemHu opeaHu3auuu (3a
agekBameH 2AuKemu4YeH KOHMPOA cnopeg MexxgyHa-
pogHa Auabemna Megepauus (IDF) ce npuema HbA,
<6,5%, kKpbBHa 3axap Ha 2aagHo (FPG) <6,1 mmol/l
(6), a cnopeg AmepukaHcka Auabemua Acouuauusn
(ADA) - HbA, <7%, FPG <7,2 mmol/I (7).

Kamo BmopuuHa uea ce nocmaBa onpegeaaHe Ha
Bpb3kama mexgy gemozpadpckume u MeguuyuHcKume
pakmopu, cBbp3aHu C pajauyHa CMeNeH Ha XUNO2AU-
KEeMUA U 2AUKEMUYEH KOHMPOA.

RECAP-DM e npoBegeHo npe3 2015 2. cpeg
cmpaHume 6 baakaHckua pea2uoH (bbazapus, XvpBa-
mus, Copbua u CaoBeHun). B Hacmoawomo u3aoxe-
Hue ce npegcmaBam gaHHume om bvazapus.

Mamepuaau u memogu

lNMauuenrmume ca nogbpaHu cnopeg onpege-
AeHume BkarouBawju Kpumepuu Kakmo caegBa: na-
uueHmu, guazHocmuuupaHu csc 3A mun 2 (cnhopeg
kpumepuume Ha ADA); Hag 30 2oguwHa Bb3pacm
npu nocmaBaHe Ha guazHozama 3A mun 2; npoBex-
gawu AeveHue cbe CYIT (kamo moHomepanua uau 6
KombuHauua ¢ memdopmuH) 3a Hal-MaAko 6 meceua
npegu npoyuBaHemo (Koemo e npocAegeHO chopeg
ambyaamopHume aucmoBe 3a noHe 90 gHu npuem);
HAAUYHO KAUHUYHO gocue B 3gpaBHusa ueHmbp; me-
gUUUHCKUME NauueHMCKU gocuema ga Cbgbprkam
MUHUMaAHUMe ocHOBHU gaHHU U nayueHmMume ga ce
KoHmpoaupam 2aaBHo 6 3gpaBHua ueHmbp; npaBua-
HO nonbABaHe Ha BbnpocHuka (caeg kamo e noAyue-
HO U3PUYHO UH(POPMUPAHO Cba2Aacue); nayueHmume
ca Ha ambyaamopHO AeyeHue.

Kamo uzkarouBawu kpumepuu ce nocouBam: 3A
mun 1, GpemeHHU XXeHu/>KeHu ¢ 2ecmayuoHeH 3A; na-
yueHmMuU, KOUMO ca npuemaAu uau npuemam DPP4-uH
xubumopu, GLP-1 peuenmopHu azoHUCMu, me2Aaumu-
HUQU, NUO2AUMA30H U UHCYAUH hpe3 nocaegHume 6
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meceua npegu npoyuBaremo; nauueHmu, 3a koumo 6u
6uro HeBb3moxkHO nonbaBaHemo Ha BbnpocHuka Bb6
Bcaka BbzmoxkHa hopma, nopagu kakBamo u ga 6uao
NnpuvuHa; nauueHmu, koumo Beue ydacmBam 6 kauHuu-
Ho uznumBaHe uau gpye Bug kKAuHUYHO NpoyuBaHe; He-
B53MOXKHOCM UAU HEXeAaHue ga ce nognuwe uHgop-
MUPAHOMO Cb2Aacue; peuleHue Ha uzcaegoBamens, ye
nayueHmMbmM He mpabBa ga yuacmBa 6 npoyuBanemo.
B geHa Ha Hauyano Ha npoyuBaremo, Bcuuku
yyacmBawu nauueHmu ce nogaazam Ha u3caegBa-
He Ha FPG u HbA,_ upe3 63umane Ha kpbBHa npoba.
M3mepBa ce mearecHomo mezao Ha navueHma. [lo-
nbaBam ce BbnpocHUUU OMHOCHO uYecmomama u
Bb3getcmBuemo Ha Xunoz2AuKemuuHUME enu3ogu,
npomaHama Ha meAecHOmMo meaAo npu npoBexxgaHa-
ma mepanusn, camooueHka Ha npoBexxgaHomo Aeve-
HUe npe3 nocaegHUMe 6 meceua (Npugbp>kaHe Kbm
Ha3zHadeHama mepanus, ygoBaemBopeHocm, kayecm-
B0 Ha »kuBom, mpeBoxxHocm, cmpax u gp.).
bvAcapckomo pamo BkatouBa 149 nauueHma
¢ ycmaroBeH 3A mun 2, uzbpaHu cbaaacHo BkAlou-
Bawume u uzkatouBawu kpumepuu. Caeg nbpBoHa-
yaaHama obpabomka Ha gaHHume e ycmaHoBeHo, ve
o6wo 14 nauueHMu He ca U3NBAHUAU Kpumepuume
3a BkatouBare (N=13) uau kpumepuume 3a uzkaouBa-
He (n=1). Te3u nauueHmMu ca U3KAKOUYEeHU om KpalHua
aHaau3 u epekmuBHuam 6pol navueHmu, BrAoUeHuU
8 6ba2apckua Habop om gaHHu, e 135.N
MpoyuBaHemo BkaouBa 57 (42,2%) muxe u 78
(57,8%) >eHu, kKamo 76 (56,3%) om nayueHmume ca
Hag 65 2. CpegHama Bb3pacm Ha nauueHmume 6 u3-
numBaHemo e 66,1£10,2 2. CpegHama npogbAXKUMEA-
Hocm Ha 3aboaaBaHemo e 10,0£6,9 2. 106 (78,5%) om
nauueHmume ca ¢ ycmaHoBen 3A Hag 5 2. CpegHama
Bb3pacm Ha nocmaBaHe Ha guazHo3ama e 56,016,3 2.
Mo Bpeme Ha noceweHUAMa nauUeHMUMe ca NOAY-
YuAU cneuvudguuHu 3a npoyuBanemo BbnpocHuuu - om-
HOCHO 0OWO Npugbp>kaHe KbMm mepanuama, obuwa 2pu-
a 3a cebe cu, cayuau Ha xunoz2aukemus, noBuwaBaHe
Ha me2aomo u cmpax om moBa u cmaHgapmHomo u3-
caegBaHe Ha cmpaxa om Xuno2AUKeMUA C NOMOWMA Ha
BbnpocHuk (HFS-I Questionnaire Worry Subscale).

Pesyamamu

Xunoz2aukemus

33 nauueHma (24,4%) cbobwaBam, ye ca umaau
CUMNMOMU Ha Hucka KpbBHa 3axap npe3 nocregHume
6 meceua. ABama om me3u nayueHmu omzoBapam ¢
,He” Ha Bcuuku nocaegBawu Bbnpocu OMHOCHO Xu-
noa2aukemun. AHaAau3bm Ha ocmaHaaume 31 nayueHma
noka3Ba, ue 61,3% cbobwaBam 3a noaBa Ha Aeku xunoez-
AUKEMUYHU CUMNMOMU 3a mo3u nepuog, 29,0% cbob-
wabam 3a cpegHO-MeXKKU cuMnmomu U 9,7% 3a mexxku
cumnmomu. 81,3% cbobwabam 3a obe3nokoeHocm om
CUMNMOMUME Ha XUNO2AUKEMUUME NPe3 Mo3u nepu-
09. 42,4% u36926am Bbnpoca kak ce cnpaBam c

npeogoasBaHemo Ha Xxunoz2aukemuama. XunoezAu-
KemuuHume enu3ogu ozpaHuyaBam nayueHmume
B8 exegHeBuemo um. Mpu 41,5% om nauyueHmume
O2paHuyeHUEemoO e nopagu NpumMecHeHuq, Ye Hamam
Bb3MOXKHOCM 3a peakyua — He HOCAM cAagka Hanum-
ka uau gp. Cowuam 6pol nauueHmu gopu yyBcm-
Bam guckomgopm om u3zAauzaHe om kbwu, a 31,1%
ce npumecHaBam om obbpkBaHe npeg npuameau
uau obwecmBomo. MNayueHmume ce Ge3znokoam u
om moBa, ue Xuno2AUKEMUYHUAM eNU30g MOXe ga ce
CcAyuU, koeamo ca camu (50,4%) u ye HAMa ga uma Ha-
KoU, Kolmo ga nomozHe B cb3garama ce cumyauus.
[MayueHmMume cnogeAam U OnaceHus, Ye NPU XUno2Au-
KemuueH enu3zog MOXe ga npuduHAam Kamacmpoda,
ga HapaHam cebe cu UAU OKOAHUME, ga honpeyam Ha
exxegHeBHU obuvalHu getHocmu.

Cmpaxbm om Xuno2AUKEMUU € OUEHEH CbC che-
uuduueH BvnpocHuk: HFS-II Questionnaire Worry
Subscale. BbnpocHukbm HFS-Il Questionnaire Worry
Subscale ce cbcmou om 18 Bwbnpoca ¢ oueHku 6
omzoBopume Bapupawu om 0 go 4 mouku (no-Bu-
cokume cmoiHocmu o3HavyaBam no-uzpazeH cmpax
om xunozaukemus) ¢ Bb3zmoxxeH obw, cbop om 0 go
72 mouku. NauueHmu c auncBawu omeoBopu He ca
BkatoueHu B kpaldHua aHaau3. Taka, o6wuam 6pol
BkatoueHu nauueHmu e 123. He e onpegeaeHa 2pa-
HUYHa cmolHocm, koamo 6u Guaa Hal-nokazamea-
Ha 32 KAUHUYHO 3Ha4yumM Cmpax om Xunoz2Aukemus,
oueHeH ¢ HFS-Il WS. Hajos u cbmp. npegaazam
uznoazBanemo Ha kpumepua El (elevated item),
kolmo noka3Ba cuaHa Bpb3ka cbc cybonmumarHo
6razocbemonHue Ha nauyueHma. Kpumepuam El ce
u3znbAHABa npu nayueHmu, Koumo umam noBuweH
pe3yamam >3 [uecmo/mHo20 yecmo] Ha noBeye om
eguH Bbnpoc om HFS-Il WS (8). IMpu 15,6% om na-
uueHmume 8 bvazapua (21 om 135) e ycmaroBeHo,
ye uznwvaHaBam El kpumepua.

[Aukemu4yeH KOHMpPoA

[AUKemuYeH KOHMPOA Ce gepuHupa CNpPamo npe-
nopbkume Ha ADA (6) uau cnpamo me3u Ha IDF (7).
Cpegen HbA, Ha HabAogaBanama 2pyna e 7,3+1,9%,
a cpegHama cmoldHocm Ha u3mepeHama FPG e
8,4%£3,0 mmol/l. ABama nauueHmu om HabalogaBaHa-
ma 2pyna (1,9%) ca umaau FPG nog 3,9 mmol/I.

Cnopeg kpumepuume Ha ADA 3a onmumaneH
2AUKEMUYEH KOHMPOA paznpegeAeHuemo Ha nauueH-
mume e Kakmo caegba: HbA, <7,0% - 74 nauuenma
(54,8%); FPG <7,2 mmol/l - 39 nauuenma (36,1%),
a nocmuzaHe u Ha gBeme (HbA, <7,0% u FPG <7,2
mmol/l ce ycmanoBaBa npu 33 nauyueHma (24,4%).
Ako npocaegum usuckBaHuama Ha IDF 3a onmuma-
AE€H KOHMPOA pe3yamamume npugobuBam caegHun
Bug: HbA, <6,5% - 49 nayuenma (36,3%), FPG <6,1
mmol/l - 18 nauuenma (16,7%), u gbeme (HbA,_
<6,5% u FPG <6,1 mmol/l) ca nocmuzaHamu npu 12
nauueHma (8,0%) (Que.1).

122

EHngokpuHonoausi tom XXV N22/2020



TeanecHO meeno

CpegHomo meaAecHO mez2Aa0 Ha u3caegBaHama
nonyaauus e 83,5£17,6 ke, a cpegHUAM UHgEKC Ha me-
AecHa maca (MTM) e 29,8+5,8 ke/m2 PaznpegeaeHue-
mo cnopeg NTM e kakmo caegBa: ¢ ITM >18,5 go
<25 ke/m? - 17,8%; NTM 225 go <30 ke/m? - 40,0%;
NTM >30 go <35 ke/m? - 25,2%; UTM =35 k2/m? -
17,0%. (Due. 2).

[TpomeHume N0 OMHOWeHUe Ha MeAeCHOMOo me-
20 ca BaxkeH acnekm B aeueHuemo cbe CYI1. Okono
50% om nauueHmume cbobwabam 3a noggbp>kaHe
Ha cmabuAHO MeAecHO Me2A0 20guHa npegu npoyuBa-
Hemo, a npu 20% e peaucmpupaHa pegykuusa. 29,6%
om 3anumarume nauueHmu (n=40) cbobwabam, ue
ca pecucmpupaau HaggaBaHe Ha meAecHO meaAo npe3
nocaegHama 2oguHa. pu 55,0% om nayueHmume
HaggaBavemo e nog 5 ke, npu 32,5% HaggaBaHemo
e 5-9 ke, a npu 12,5% HaggaBaHemo e Hag 10 ke. Tpu
yemBbpmu om nauueHmume (~ 80%) ce npumecHs-
Bam om me3u npomeHu B mearecHoMo meano.

[Tpomana Ha mepanusama

A0 Hauaromo Ha uzcregBaHemo: 58 (43%) om
nayueHmume ca aekyBaru ¢ 1T akmuBHa cybcmanuus,
a 77 (57%) - ¢ 2 akmuBHu cybcmanuyuu. M3noa3Ba-
Hume CYI ca Gliclazide, Glimepiride uau Glipizide;
Bcuuku nayueHmu Ha gBoliHa kombuHupaHa mepanusa
C U3KAIOUYEHUE Ha eguH (N=76) ca npuemaau memaqop-
MUH; gpy2uam nauueHm e u3znoa3Ban akapbo3a.

Ha nbpBa Buzuma mepanuama e npomeHeHa npu
53 nauueHma (39,2%). Okoao 40% om npomeHume
BkalouBam npeuusupaHe Ha go3zama, a oCmaHaAume
- npomsaHa uau gobaBka Ha megukameHmu, Kamo go-
6aBaHemo Ha uau 3amaHama ¢ DPP-4 unxubumop e
Buaa Hal-yecmama npomaHa.

Obcb)kgaHe

AaHHume om npoBegeHomo npoyuBaHe mozam
ga 6bgam aHaauzupaHu 8 gBa ocHoBHU acnekma -
Om egHa CmMpaHa peaAHa OueHKa Ha 2AUKeMUYHUA
KOHMPOA npu hauueHmu cbc 3A mun 2 8 bbazapus
¢ BHumaHue Bbpxy Xunoz2aukemuyHUMe enu3ogu, om-
HOoweHUemMo Ha nauueHmume kbm moBa, noBuwaba-
HEemo Ha MEeAeCHOMO Me2A0 Npu AedeHue cbe CYTT,
a om gpyea - cbnocmaBka cbc cxogHu gaHHU B Gaa-
KaHCKUA Pe2UOH.

CpegHama uvecmoma Ha XunozAukemudHume
enuzogu B8 npoyuBanemo AP (Asia-Pacific) RECAP-
DM e 35,8% (95% Cl 33,8-37,8%) (9) u cobomBem-
HO 38,4% (95% Cl 34,0-42,8%) 6 npoyuBaHemo EU
RECAP-DM (10). Yecmomama Ha cbobwaBanume
enu3zogu eBapupanra mexgy 24,2% (3a lepmanun)
go 53,6% (3a Beaukobpumanus) (11). B boazap-
ckomo pamo 24,4% om nayueHmume cbobwaBam,
ue ca UMaAu CUMNMOMU Ha Hucka KpbBHa 3axap npe3
nocaegHume 6 meceua. lpuyuHume 3a pazauduama

ca HeeegHopogHU. BepoamHo Hegobpomo no3HaBa-
He Ha Xunoz2AukemuyHama cumnmomamuka Bogu go
Hepa3no3HaBaHemo Ha enu3zogume, C KOEMO NOCAEG-
Hume 6uBam onpegeaaHu om nauyueHma NoO-CKOPO
Kamo guckomgopm, npurowaBaHe u m.H.,, 6e3 ga
0bge oueHeH peaaHuam npobaem. Om gpyaa cmpaHa
e Bb3MOXKHO HegocmambyHUAM CMpPemMexX Kbm on-
MUMAaAEH 2AUKEMUYEH KOHMPOA OM cmpaHa Ha nauu-
eHmume - noggbpykaHemo Ha no-Bucoku 2Aukemuu,
onpegeaeHu kamo 3agoBoaumeaHu, ga Bogu u go
No-pegku peasHu Xuno2AUKEMUYHU enu3ogu.

Mogeabm Ha Ao2uCMUYHA pez2pecun e U3NO0A3-
BaH 3a aHaau3 Ha gBe npomeHAuBu. MovpBuam mogea
uzcaegBa acouyuayuama Ha gobpua 2AUKEMUYEH KOH-
mpoa (oueHeH Kamo HaauueH uau AuncBaw, cnopeg
kpumepuume Ha ADA, 2011) ¢ 10 gemozpagpcku/
obWu nayueHmMCcKu Xapakmepucmuku. Pe3yamamu-
me noka3Bam, ue FPG u cmpaxbm om nokauBaHe Ha
MeAeCHOMO Me2A0 CU2HUUKAHMHO ce acouuupam
¢ gobpua koHmpoa (OR 0,49, 95% Cl: 0,33-0,67; OR
0,13, 95% Cl: 0,04-0,43; coomBemto). M3caregBane-
MO Ha acouuauuAama Ha Xuno2AukemuyHUmMe enu3ogu
npe3 nocaegHume 6 meceua ¢ gobpua 2AUKemuYeH
KOHMpOA He noka3zBa cueHugpukaHmHa 3aBucumocm.

Cmpaxbm om xunoz2aukemus npegcmaBannBa ka-
Me20pUYHO goNbAHUMEAHA NCuxoAo2uYecka bapue-
pa Bbpxy nocmu2aHemo Ha 2AUKEMUYHUA KOHMPOA U
npugbp>kaHemMo KbM mepanuama. MHO20 nayueHmu
He BuHaeu Mmoe2am ga pazno3Haam UAU ga Cu CNOMHAM
CUMNMOMUME Ha XUNO2AUKEMUA UAU MO2am ga umam
O2paHuUYeHU NO3HaHUA 3a camama XUno2AuKemus, no-
pagu moBa e Bb3M0XXHO peaaHUMe XUNO2AUKEMUYHU
uHUyUgeHmMu ga ca noBeve om gokaagBaHume.

Kakmo ombennazaxme 15,6% om 6bazapckume
nauueHmu omeoBapam Ha El kpumepus, koemo Cb-
omBemcmBa Ha HeonmumaaHo bAazoCbCcmonHUE Ha
nayueHma. CowecmByBa cmamucmuuecku 3Havuma
pa3auka B oueHkama Ha HFS peyamamume mexkgy na-
uueHmume ¢ u 6e3 XUNo2AUKEMUYHU enu3ogu (cpegHa
pa3auka 5m, 95% Cl 2-11, p=0,0021, mecm Ha Mann-
Whitney). He ce ycmanoBaBa cuzHugpukaHmHa pazauka
Mexxgy cmouHocmma Ha El kpumepus, 3a me3u koumo
cbobwabam 3a xunoz2aukemudeH enu3og npes3 NocAed-
Hume 6 meceua u me3u, Npu Koumo AuncBa xunozau-
kemua. Kamo ugao Hawume pezyamamu noBmapsm pe-
3yamamume om b6aakaHckomo npoyuBaHe RECAP-DM,
Kakmo u peyamamume no OMHOoWeHUe XUNO2AUKEeMU-
ume 6 peguua gpyau uzcaegBanusa (11,12).

[MauueHmume, Koumo ca gokaagBaau xunoezau-
KeMuuHu cbbumus, nokazBam no-zoaam cmpax om
max, cnpamo me3u, Koumo He ca gokaagBaau. Mauu-
eHmume, Koumo ca gokaagBaau mexku enuzogu Ha
Xunoz2aukemus, uznumBam no-20Aam cmpax om mesu,
Koumo ca gokaagBaau He moakoBa mexku cayyau.

AedeHuemo cbe CYI yecmo Bogu go yBeauua-
BaHe Ha mea2aomo ¢ 0koAo 2 k2 B 3aBucumocm om
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TomomupoBa, LiBemeauHa L. u compygHuuu

Tabauya 1. OcHoBHU xapakmepucmuku CpegHa cmouHoCm
o,
Xapakmepucmuka Ha (SD)/n (%)
nauuesmume. Bb3pacm (20guHu) 66,1 (10,2)
> 65 20guHU 76 (56,3%)
[Moa
KeHcku 78 (57,8%)
Mubxku 57 (42,2%)
HbA, (%) 7.3 (1,9)
HbA1C <7,0% 74 (54,8%)
HbA1C <6,5% 49 (36,3%)
[ra3meHa 2a0Kko3a Ha 2aagHo (mmol/l) 8,4 (3)
FPG < 7,2 mmol/l (h=108) 39 (36,1%)
FPG < 6,1 mmol/l (h=108) 18 (16,7%)
TeaecHO mez2Ao (K2) 83,5(17,6)
UTM (k2/m?) 29,8 (5,8)
[pogbakumeaHocm Ha guabema (20guHu) 10,0 (6,9)
Bb3zpacm npu guazHo3zama (2oguHu) 56,0 (9,3)
Mywauu 22 (16,3%)

Pa3npegeaeHue Ha nauueHmume cnopeg HbA, .
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uzxogHomo HuBo Ha HbA, u 2 go 3
nbmu no-Bucoku HuBa Ha xunozaukemus
OMKOAKOMO A€YEHUEMO C gpyau OpaAHU
aHmuguabemHu AekapcmBa.
[MpomeHume noO oOMHOWeEHUE Ha
meAecHOmMo me2A0, Kakmo ombeaasa-
xme, ca BaxkeH acnekm B8 AedeHuemo cbe
CVYr1. Hag yuemBbpm om u3caegBaHume
nauueHmu (26,6%) 8 Hawemo npoyuyBa-
He ombeaa3zBam HaggaBaHe Ha meaecHO
meaA0 npe3 nocaegHama 2oguHa. To3u
pakm e oyakBaH, HO ¢ HebAazonpuaAMHU
NOCAEgUUU NO OMHOWeEHUe Ha KOHMpPOo-
AQ, M.K. NpU nauueHMume cbc 3A mun 2,
koumo no npaBuAo ca ¢ HEONMUMAaAHU
napamempu Ha meaecHomo meaao, Bce-
KU U3AUWEH KuAo2pam e cBbp3aH ¢ Bro-
wabaHe Ha uHcyauHoBama pezucmeHm-
Hocm, cbnbmcmBawa 3a6oraBaHemo.
Mumepec npegcmabBaaBa u nogxogbm
Ha 3Ha4YuUMa Yacm om Aekapume Npu cpewa
€ NauueHma u ougHkama Ha mepanuama my.
IMpu camo 40% om nauueHMuUmMe go3ama
Ha CYI'1 e npomeHeHa € ueAr hocmuzaHe Ha
onmumaieH pesyamam. Tazu uHepmHocm 6
mepaneBmuyHua nogxog e Heobxogumo ga
6bgenoBauaHa u npeogoaaHa. B AedeHuemo
Ha nauueHmu cbe 3A mun 2, Bce no-20AaMo
3HaveHue uma HazHa YyaBaHemo Ha namo-
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Pa3npegeAeHue Ha nauueHmume cnopeg
NTM.
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2eHemMuuUHO opueHmMupaHu kaacoBe MegukameHmu
Kamo uHkpemuH 6a3upaHama mepanua u SGLT-2 un- ObobuweHue

xubumopume. ToBa ca megukameHmu, koumo ocBeH
nogobpeHua B 2aUKeMUYHUA KOHMPOA HOCAM U JONbA-
HUMeAHU BAazonpuamHu edpekmu (CbpgeuHo-cbgoBu
NoA3u, HamaraBaHe Ha meAecHOMO me2Ao, pegykuua 6
xunoz2aukemuume u m.H.) (13).

M3Becmen Hegocmambk Ha npoBexkgaHomo
u3zcaegBate e pempocnekmuBHuam My xapakmep.
OueHkama Ha XUNO2AUKEMUYHUME €enu3ogu U max-
Hama mexecm e cybekmuBHa u B 2oAaama cmened
noBausHa om uHguBugyasHama uyyBcmBumeaHocm
Ha nauueHma, cmeneHma My Ha NO3HaHUe OMHOCHO
XunozAuKemuyHuUme cumnmomu, Bv3moxkHocmma ga
pazno3HaBa me3u enuzogu u ga eu omgudepeHyupa
0Om gpyau CbCmoaHua Ha 06wWo paznoAokeHue. Aunca-
ma Ha oUgHKa Ha cCuMNMoMamuKkama ¢ KopecnoHgupa-
wo HUBO Ha 2AuKemuume (Hal-maAKo upes uznoazBaHe
Ha 2AlOKOMEP) Nopakga cycnekuua No omHoweHue Ha
mouHama Yyecmoma Ha XUno2AUKeMUYHUME enu3ogu.

Om gpyea cmpaHa, mouHo me3u ombeaazaHu He-
gocmambuu ca u npegumcmBo B Hakou omHoweHun
npu uzcaegBaHe Ha nocoveHume 2pynu navueHmu. B
exxegHeBuemo cu nayueHmume cbe 3A mun 2 pagko
uznoa3zBam a2aokomep u yucmo cybekmuBHama oueH-
Ka Ha Xunoz2aukemuume e om kAato4oB0o 3HaveHue 3a
pa3zno3HaBaHemo Ha makbB enu3og u npegnpuemaHe
Ha cbomBemHu mepku 3a oBragaBaHemo my u npeg-
nazBaHe om no-HamambWwHU nocaegcmBua.

Bbnpeku gobpe gokymeHmupaHume npobaemu,
cBbp3aHu ¢ HGe3zonacHoCmMmMa Ha mepanuama CbC
CVYIT kamo xunozaukemua u HaggaBaHe Ha mezao,
umMa 20Aam Opol nayueHmMu, KOumo npuemam mes3u
AekapcmBa B bbazapua kamo moHOMeEpanua UAU
Kamo yacm om KOomOuHUpaHa mepanuf. Makap uve
no-HoBomo nokoaeHue CYIT nokazBam no-Hucka vec-
moma Ha XUNO2AUKEMUYHU enu3ogu, Hawume gaHHU
nomBubpykgaBam, ve ynompebama um e cBup3aHa
CbC 3HAYUMEAEH PUCK OM XUNO2AUKEMUA.

Heocnopumo e, 4e vecmomama u mexkecmma Ha
xunoz2aukemuama npu AekyBaHu cove CYI, nauueHmu
ca cBbp3aHu c noBuweH cmpax om XUNO2AUKEMUA.

Heobxoguma e npomaHa 8 mucareHemoO Ha KAU-
Huyucmume u cbobpazaBaHe ¢ me3u gaHHU, KO2amo
npegnucBam CVYI1, Kakmo U 3agbAXUMEAHO UH(Op-
MUpaHe Ha hauueHmume 3a pucka om XUnO2AUKEeMUS.
HeympaaHu no omHoweHUe Ha MEeAeCHOMO Me2A0
MeguKameHmMU C HUCBHK PUCK 3 XUNO2AUKeMUA Kamo
UHKpemuH-6a3upaHama mepanua u SGLT-2 uHxubu-
mopume npegcmaBasBam ueHHa mepaneBmuuHa
Bb3MOXKHOCM, KOAMO MOXe ga NOMO2HE Ha hauueH-
mume ga nocmuz2Ham u noggbpykam goobp 2AUKEMU-
YeH KOHMPOA U NO MO3U HauyuH ga ce Hamaaam cBbp-
3aHume c guabema ycaoxkHeHua B bbazapus.
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Design: A multicenter, observational, crossover study RECAP-DM (real-life effectiveness and care patterns of
diabetes management) (Bulgarian arm) involving patients with type 2 diabetes mellitus (type 2 DM) treated with
sulphonylurea (SU) as monotherapy or in combination with metformin 6 months before study participation.

Aim: To evaluate the incidence of adverse events of SU therapy such as hypoglycaemia and to assess the
change in weight among Bulgarian ts were evaluated at the final analysis - 57 (42,2%) men and 78 (57,8%) wom-
en. Mean age - 66,1 £ 10,2 years. Average disease duration was 10,0 £ 6,9 years. 58 (43%) patients were on
monotherapy with SU and 77 (57%) patients on dual therapy (metformin + SU). Patients received questionnaires
regarding adherence, self-care, hypoglycaemic episodes, weight gain and fear, and the standardized HFS-Il Ques-
tionnaire Worry Subscale.

Results: According to the American Diabetes Association (ADA) criteria, 54.8% were well controlled with an
HbA,_of <7%, and based on fasting plasma glucose (FPG < 7,2 mmol/l) - 36,1%. Based on both criteria, 24,4%
achieved good control. According to the International Diabetes Federation (IDF) criteria for optimal control (HbA,
<6,5%; FPG < 6,1 mmol/l), the results are as follows: based on HbA, - 36,3%, based on fasting plasma glucose
- 16,7%, and based on both criteria in 12 patients (8,0%) reached optimal control. 24,4% of patients reported
symptoms of low blood sugar in the last 6 months. 78,8% were concerned about the symptoms of hypoglycemia
during this period. There was weight gain in 29,6% for the last year period. 81,3% of patients reported anxiety
about the symptoms of hypoglycemia.

Conclusion: Hypoglycaemic episodes are an important side effect of SU treatment in patients with type 2
diabetes. The incidence and severity of hypoglycaemia has been associated with an increased fear of lowering of
blood glucose. Precise adjustment in therapy is required by each physician to achieve optimal efficacy and safety
for patients.

Key words: sulphonylurea, hypoglycemia, diabetes mellitus type 2

126

EHgokpuHoaozausi Tom XXV N22/2020



Introduction

For a long time, the treatment of type 2 diabetes
mellitus (DM) was aimed at reducing glycemic levels
only. However, recently it has been argued that good
control requires both optimal HbA,_ response and
avoidance of hypoglycaemic episodes and control of
glucose variability (1,2). Hypoglycemic episodes in
type 2 DM are generally less common compared to
type 1 diabetes. At the same time, this frequency is
not low and in various studies, especially those using
continuous glucose monitoring, 47% of unrecognized
hypoglycaemia was detected in type 2 DM, with nearly
74% during sleep (3). Some studies show even worse
results - 83% of unrecognized hypoglycemia in type 2
DM, with 54% during sleep (4).

Hypoglycaemia is a relatively common complica-
tion when treating diabetes which can lead to non-fatal
as well as fatal consequences, can cause suboptimal re-
sponse to treatment and can generally lead to impaired
quality of life. The risk of hypoglycaemia is found to cor-
relate with advancing age, with increasing disease dura-
tion and with severe comorbid conditions such as renal
failure, hypothyroidism etc. Another factor affecting the
incidence of hypoglycaemia is the lack of knowledge
of symptoms, as well as failure to take preventive mea-
sures. Hypoglycemia, the fear of it and the attempt to
avoid lowering of blood glucose with increased food
intake are key factors that limit the achievement of op-
timal glycemic control (5). Hypoglycemias are rare in
drug-naive patients and the incidence is higher in pa-
tients treated with insulin or sulphonylurea (SU).

The primary objective of the RECAP-DM (real-life
effectiveness and care patterns of diabetes manage-
ment) study was to assess the incidence of side effects
of SU therapy, such as hypoglycemia, evaluated by
patient-reported outcomes and weight gain, as well as
by how much patients were bothered by these side
effects. Another primary objective was to assess the
adequacy of glycemic control. Adequate glycemic
control is determined according to current recom-
mendations of international diabetic organizations
(adequate glycemic control according to International
Diabetes Federation (IDF) is HbA,_<6,5%, fasting plas-
ma glucose (FPG) below 6,1 mmol/I (6), and accord-
ing to American Diabetes Association (ADA) - HbA _
<7%, FPG below 7,2 mmol/I (7).

The secondary objective was to determine the
relationship between demographic and medical fac-
tors associated with varying degrees of hypoglyce-
mia and glycemic control.

RECAP-DM was conducted in 2015 in the coun-
tries in the Balkan region (Bulgaria, Croatia, Serbia
and Slovenia). In this article we present the Bulgarian
dataset.

Materials and methods

Patients were selected according to pre-defined in-
clusion criteria: patient diagnosed with type 2 diabetes
mellitus (DM) (according to the ADA criteria); 230 years
at the time of type 2 DM diagnosis; treatment with SU
(as monotherapy or in combination with metformin) for
at least 6 months prior to enrollment (as evidenced by
filled prescriptions for at least a 90-day supply); patient
has his/her clinical record in the healthcare center; pa-
tient’s medical records include the minimum core data;
patient is primarily managed in the healthcare center;
patient properly completes the questionnaires (after
having given consent); outpatient patient.

The exclusion criteria were: type 1 DM, pregnant
women/women with gestational diabetes; patients
who received or are currently treated with DPP4 in-
hibitors, GLP-1 receptor agonists, meglitinides, pi-
oglitazone and insulin during the 6 months prior to
enrollment; patients who are unable to complete the
questionnaire for whatever reason; patients already
participating in a clinical trial or other type of clini-
cal trial; inability or unwillingness to sign the informed
consent; the investigator's decision that the patient
should not participate in the study.

In the beginning of the study, the adequacy of
glycemic control was assessed by measuring FPG
and HbA, . The patient's body weight was measured.
Questionnaires about incidence and impact of hypo-
glycaemic episodes, therapy related weight change,
self-assessment of treatment during the last 6 months
(adherence to prescribed therapy, satisfaction, quality
of life, anxiety, fear, etc.) were completed.

The Bulgarian arm included 149 patients with
type 2 DM, selected according to the inclusion and
exclusion criteria. After initial data processing, it was
found that 14 patients did not meet the inclusion
criteria (n=13) or the exclusion criteria (n=1). These
patients were excluded from the final analysis and
the effective number of patients included in the Bul-
garian dataset was 135.

The study included 57 (42,2%) men and 78
(57,8%) women, with 76 (56,3%) of patients over 65
years of age. The mean age was 66,1+10,2 years. The
mean duration of DM was 10,0£6,9 years. 106 (78,5%)
of the patients had DM over 5 years. The mean age at
diagnosis was 56,0%6,3 years (Table 1).

During study visits patients received study-spe-
cific questionnaires - general adherence to thera-
py, general self-care, experience of hypoglycaemia,
weight gain and fear of weight gain, and the standard
Hypoglycemia Fear Survey Il Worry Subscale (HFS-II
WS) on fear of hypoglycemia.
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Table 1. Baseline characteristics mean (SD)/
o,
Patients characteristics n (%)
Age (years) 66,1 (10,2)
> 65 years 76 (56,3%)
Sex
Female 78 (57,8%)
Male 57 (42,2%)
HbA,_(%) 7,3 (1,9)
HbA,_<7,0% 74 (54,8%)
HbA, <6,5% 49 (36,3%)
Fasting plasma glucose (FPG) (mmol/L) 8,4 (3)

FPG < 7,2 mmol/l (h=108)
FPG < 6,1 mmol/l (n=108)

39 (36,1%)
18 (16,7%)

Body weight (kg) 83,5 (17,6)

BMI (kg/m?) 29,8 (5,8)

Duration of diabetes (years) 10,0 (6,9)
Age at diagnosis (years) 56,0 (9,3)

Smoking

22 (16,3%)

Patient distribution based on HbA, .
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Hypoglycemia

Thirty three patients (24,4%) report-
ed having had symptoms of low blood
sugar over the last 6 months. However,
2 of these patients answered ,No” to
all subsequent related items (effectively
,denying” any hypoglycaemic episodes).
Analysis of the remaining 31 patients
showed that 61,3% reported mild hypo-
glycaemic symptoms during this period,
29,0% reported moderate symptoms, and
9,7% - severe symptoms. 81,3% reported
anxiety about the symptoms of hypogly-
cemia during this period. 42,4% avoided
the question about coping with a hypogly-
cemic episode. Hypoglycaemic episodes
limit patients' daily routine - 41,5% due to
concerns that they could not react appro-
priately - do not carry a sugar, sugar drink,
etc., the same number of patients even
feel uncomfortable when leaving home, and
31,1% worry about confusion in front of
friends or at public places. Patients are also
worried, that the hypoglycaemic episode
could happen when they are alone (50,4%)
and that there will be no one to help.
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Patients also share fears that a hypoglycaemic episode
may cause a car accident, injury or interfere with daily
routine activities.

Fear of hypoglycemia was assessed by a specific
questionnaire: HFS-Il Questionnaire Worry Subscale.
The HFS-II Questionnaire Worry Subscale consists of
18 questions with scores ranging from 0 to 4 points
(higher values indicate greater fear of hypoglycemia)
with a possible total of 0 to 72 points. Patients with
missing answers were not included in the final analy-
sis. Thus, the total number of patients included in the
analysis was 123. Up until now no definite cut-off score
has been determined that would be most indicative of
clinically relevant fear of hypoglycaemia as assessed
by HFS-Il WS score. However, Hajos et al. (8) suggest
use of the El (elevated item) criterion which supposed-
ly shows a strong association with suboptimal patient
well-being. El criterion is fulfilled by patients who have
an elevated score (=3 [Often/Very often]) on more
than one HFS-Il WS item (8). Among the study partici-
pants from Bulgaria, 21 out of 135 (15,6%) were found
to fulfil the EI criterion.

Glycemic control

Glycemic control was defined according to the rec-
ommendations of the ADA (6) or recommendations of
the IDF (7). The mean HbA, _of Bulgarian patients was
7,311,9% and the mean FPG measured was 8,4%3,0
mmol/l. Two patients in the observed group (1,9%) had
FPG below 3,9 mmol/I.
According to ADA criteria, the distribution of patients
in relation to glycemic control according to HbA1c was
as follows: HbA, <7,0%: 74 patients (54,8%); FPG <7,2
mmol/l: 39 patients (36,1%) and both HbA1c <7.0%
and FPG <7,2 mmol/I was found in 33 patients (24,4%).
If IDF requirements for optimal control were followed,
the results are as follows: HbA, <6,5%: 49 patients
(36,3%), FPG <6,1 mmol/l: 18 patients (16,7%), both
HbA,_<6,5% and FPG <6,1 mmol/l was achieved in 12
patients (8,0%) (Fig.1).

Body weight

The mean body weight was 83,5£17,6 kg and the
mean body mass index (BMI) was 29,8+5,8 kg/m?. BMI
distribution was as follows: BMI >18,5 to <25 kg/m? -
17,8%; BMI >25 to <30 kg/m? - 40,0%; BMI >30 to
<35 kg/m? - 25,2%; BMI >35 kg/m? - 17,0% (Fig. 2).

Changes in body weight are an important aspect
of SU treatment. About 50% of patients reported main-
taining a stable body weight a year prior to study enroll-
ment, with 20% reporting a reduction. 29,6% of patients
(n=40) reported weight gain in the last year. In 55,0% of
patients, weight gain was below 5 kg, in 32,5% of pa-
tients, weight gain was 5-9 kg, and in 12,5% weight gain
was above 10 kg. Three-quarters of patients (~ 80%) are
concerned about these changes in body weight.

Therapy adjustment

At baseline: 58 (43%) of patients were treated with
1 active substance, 77 (57%) of patients were treated
with 2 active substances. The sulfonylureas used were
gliclazide, glimepiride or glipizide; all patients on dual
therapy, except one (n=76) who was on acarbose, re-
ceived metformin.

During the first visit the therapy was changed in 53
patients (39,2%). About 40% of the changes included
dose adjustments and the remaining cases - change or
addition of DPP4 inhibitor.

Discussion

The presented study data could be discussed in
two main aspects - one being that the study represents
a real assessment of glycemic control in patients with
type 2 DM in Bulgaria with the focus on hypoglycemic
episodes, patients' attitude to hypoglycemia and SU re-
lated weight gain. Another aspect is comparisons with
data in the Balkan region as well as worldwide.

The average incidence of hypoglycaemic episodes
in the AP (Asia-Pacific) RECAP-DM study was 35,8%
(95% Cl 33,8-37,8%) (9) and 38,4% (95% Cl 34,0-
42,8%) in the EU RECAP-DM study, respectively (10).
The frequency of reported episodes ranged from 24,2%
(for Germany) to 53,6% (for the UK) (11). In the Bulgar-
ian arm, 24,4% of patients reported symptoms of low
blood sugar over the past 6 months prior to enrollment.
The reasons for these differences are heterogeneous.
The poor knowledge of hypoglycaemic symptoms pos-
sibly leads to unrecognized episodes, with the latter be-
ing defined by the patient as discomfort, nausea, etc.,
without recognizing the real issue. On the other hand it
is possible that the insufficient pursuit of optimal glyce-
mic control by patients - namely maintenance of high-
er glycemia identified as satisfactory, may also lead to
less frequent real hypoglycemic episodes.

Logistic regression modeling was employed for
analysis of the two variables. The first model explored
the association of good glycemic control (rated as yes
or no by ADA 2011 criteria) with 10 variables. Fasting
plasma glucose levels and fear of weight gain proved
to be significantly associated with good control (OR
0,49, 95% Cl: 0,33-0,67; OR 0,13, 95% Cl: 0,04-0,43;
respectively). The second model explored association
of hypoglycaemic episode(s) during the last 6 months
(yes/no) with 10 variables (full model), but did not
demonstrate any significant association.

The fear of hypoglycemia was an additional psy-
chological barrier to glycemic control and adherence.
Many patients may not always recognize or remember
the symptoms of hypoglycaemia or may have limited
knowledge of the hypoglycaemia itself, so actual hypo-
glycaemic incidents may be greater than reported.
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As noted, 15,6% of Bulgarian patients met the
El criterion, which corresponds to suboptimal patient
well-being. There was a statistically significant differ-
ence in the assessment of HFS scores between patients
with and without hypoglycemic episodes (mean differ-
ence 5 points, 95% Cl 2-11, p=0,0021, Mann-Whitney
test). No significant difference was found between the
El criterion value for patients reporting a hypoglycae-
mic episode in the last 6 months and those without
hypoglycaemia. Overall, our data replicate the results
from RECAP-DM Balkan study as well as the results for
hypoglycemia in a number of other studies (11,12).

Patients who reported hypoglycaemic episodes
showed a greater fear of lowering of blood glucose than
those who did not report hypoglycemia. Patients who have
reported severe episodes of hypoglycemia have a greater
fear than those who have reported less severe cases.

Treatment with SU often leads to weight gain of
about 2 kg depending on baseline HbA, and a two to
three- fold higher rate of hypoglycaemia compared to
other oral antidiabetic drugs.

Weight gain is an important aspect of SU treat-
ment. In our study more than a quarter of patients
(26,6%) reported weight gain in the last year prior to
enrollment. This is an expected adverse event and has
negative effects on glycemic control, as in patients
with type 2 DM, who generally have suboptimal body
weight parameters, each extra kilogram is associated
with worsening of insulin resistance.

An interesting aspect of the study is also the physician’s
treatment approach when meeting the patient and evalu-
ating his or her therapy - in 40% of patients, the dose of
SU was changed to achieve an optimal glycemic control.
There is clinical intertia in the management of patients
with type 2 DM and it must be addressed and overcome.
The use of classes of medications focused on pathoge-
netic defects in type 2 DM such as incretin-based thera-
py and SGLT-2 inhibitors should be encouraged. More-
over, these drugs not only improve glycemic control, but
have additional favorable effects (cardiovascular benefits,
weight loss, reduced hypoglycemia, etc.) (13).

A certain limitation of the study is its retrospective
nature. The assessment of hypoglycaemic episodes and
their severity is largely influenced by the individual sen-
sitivity of the patient, his or her degree of knowledge of
the hypoglycemic symptoms, the ability to recognize
these episodes and to differentiate them from other
general conditions. The lack of evaluation of symptoms
with a corresponding glycemic level (at least by using
a glucose meter) raises suspicion regarding the exact
incidence of hypoglycaemic episodes.

On the other hand, the above mentioned limita-
tions could also be perceived as an advantage. Patients
with type 2 DM rarely use a glucose meter in their daily
lives, and a purely subjective assessment of hypoglycae-
mia is key to recognizing such an episode and taking
appropriate measures for management and prevention
of further consequences.
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Conclusion

Despite well-documented safety issues related to
SU therapy such as hypoglycemia and weight gain,
there are a large number of patients taking these agents
in Bulgaria, either alone or as part of combination ther-
apy. Although the newer generations SUs are showing
lower rate of hypoglycaemia episodes, our data con-
firms that their use is still associated with a significant
risk of hypoglycaemia.

Undoubtedly, the incidence and severity of hy-
poglycaemia in patients treated with SUs is associated
with an increased fear of hypoglycaemia.

Clinicians should be mindful of these findings
when prescribing SUs and inform patients about the
risk of hypoglycemia. Weight-neutral medications with
low risk of hypoglycaemia such as incretin-based ther-
apy and SGLT-2 inhibitors represent a valuable thera-
peutic option that may help patients to achieve and
sustain improved glycemic control and thus reduce dia-
betes-related complications in Bulgaria.
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In memoriam

Aou. g-p

Baagumup
XpucmoB

1943-2020

Aou. Bragumup Xpucmo6 3aBepwBa Gucwemo cu meguuyuHcko obpazoBaHue npe3 1969 2.
6 MeguuuHcku pakyrmem Ha MeguyuHcka Akagemus, Cocpua. MNocaego6ameano pabomu kamo
opguHamop 6 OmgeaeHue no BompewHu 6orecmu Ha OPb-LUymen (1970-1972), acucmeHm 6
KAauHuka no Hegporozua, UCYA, Cocua (1973-1976), acucmenm, cm. acucmeHm, 2A. acucmeHm
u goueim 6 KauHuka no EHgokpuHoAo2ua u memaboaumHu 3a6oaaBanua Ha YMBAA , Arekcah-
gpoBcka” 6 MY, Cocpua (1976-1989) u kamo 3abexxgaw, ma3u KAUHUKAa O NeHCUOHUpPaHemo cu
(2001-2009).

Kamo ym6BwbpgeH ekcnepm moii € HayuoHaAeH KOHCYAMAHM No eHgOKPUHOAO2UA U npegcega-
meA Ha KoHcyamamu6BHua cb6em no guabem kom M3 (2001-2003), koncyamaum Ha H3OK, npeg-
cegameA Ha HayuHua co6em Ha MV - Cocpua (1992-1998), uaen Ha CneyuaruzupaHua cbBem no
EHgokpuHoAo2ua, FacmpoeHmepoaozua, Xemamoaozua u KauHuuHa rabopamopua kem BAK (1992
go 3akpuBanemo Ha cmpykmypama), yaedH Ha HauuoHaaeH aauaHc ,,)KuBom 3a bwvazapua“. Uma
Hag 250 HayuyHu cmamuu 6 6bAzapcku u yyxgecmpaHHU cnucaHufa, 7 MOHozpadguu u e cbaBmop
6 5 yuebHuka. NaBen pegakmop e Ha cn. ,Rp./Auabem u memaboauzbm”, 3am. 2A. pegakmop
Ha cn. ,EHgOKpuHOAO2UA“, YAeH HAa pegakuuOHHUME KoAez2uu Ha cn. ,MeguuyuHcka npakmuka¥“,
,AHgporozua“, ,Hayka EHgokpuHoAozusa,, ,International Journal of Men’s Health and Gender“ u
,Diabetes management”. Hocumea e Ha peguuya npecmuwkHu Hazpagu - NMouyemen 3Hak ,bbAzapcku
Aekap“ 3a Bucok npodrecuoHaAu3zbM U AeKapcka emuka (2003), Hazpagama Ha MY, Cocpua 3a Hayu-
Ha u npenogaBameacka getiihocm 6 o6Aacmma Ha Bb ,,IMpod. Koncmaumun Yuao8“ (2006), Man of
the Year” na AMepukaHcku 6uozpacuueH uHcmumym (2005) u gp.

Aou. XpucmoB 0e uzkAloUUMeEAeH AeKap C MHO20 WUPOKa MegUuUUHCKAa Kyamypa u uHdop-
MupaHocm, 3a koemo cnocobcmBam He camo mpume my cneyuaaHocmu (BvmpewHu 6orecmu,
Hedgporozua u EHgokpuHoro2un), BAageeHemoO Ha aH2AUUICKU, HEMCKU U PYcKu e3uyu, cneyuaAu-
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3ayuume my 6 Fepmanua, Umaaun, Aanua u CALL u MHO2OMO MYy yyacmuAa Ha Hay4yHuU popymu,
HO U HezoBuam HenpekbCHaM cmpemeX KbM YemeHe U 3HaeHe Ha Halu-HoBomo 6 meguyuHama,
Kolimo npegaBawe u Ha Hac.

Aoy Xpucmo6 cu cnomHame kamo ybrekamereH Aekmop u npenogaBamen, ymeew, ga npeg-
cmaBu Hali-HoBomo no gocmbneH u 3anoMHAW, ce HauYuH. Cmpemeuwe ce ga pa6omu 6 Hat-HoGume
o6aacmu 6 paz6umuemo Ha meguyuHama. AkueHm 6 HayuHume my uHmepecu 6axa coyuarHo-3Ha-
yumume He3apa3Hu 3aboraBaHua - guabem, 3amabcmaBane, MemaGoAaumeH cuHgpom u cBbp3a-
Hume ¢ max CC3 - oco6erHo UBC, AX u gucaunugemua. AucepmauyuoHHuam my mpyg npe3 1982 2.
e Ha mema ,ApmepuaArHa XunepmoHuA u 3axapeH guabem”. Toa cb3ga6a uHcmumyma ,Memabo-
AUMeH cuHgpom“ 3a u3caegBaHe, npohurakmuka u AeyeHue Ha 3a6oaa6aHemo, koemo e eguH om
Hall-coAemume npo6Aemu Ha cbBpemeHHomo o6wecmBo. EgBa npe3 nocaregHume 2oguHu ce 3azo-
6opu mHo20 akmuBHo u 3a 6bOpeka npu guabem, a moii Gugelku U CbC CNeyUarAHOCM HehpoAro2uA
om 1976 2., pa3zaexgawe 3agbAboueHo mo3u Bbnpoc om 40 2oguHu.

MHoz20 gpyau acnekmu, koumo gHec gobuBam ocobeHa mexxgyHapogHa akmyaAHOcm, mou pa3-
2AeXgawe 20guHU no-paHo 6 HayuyHume cu nybaukayuu.

Kamo HauyarHuk Ha KAuHukama moi Gewe kamezopuyeH u 6e3komnpomuceH, HoO egHoBpe-
MeHHO ¢ moBa cnpaBegauB u mHozo 6araHcupaH. TpygHOo Mu e ga cu CNOMHA MOMeHm Ha 3azyba
Ha KOHMpoA, noBuwaBaHe Ha moH uau 2py6ocm. U Bbnpeku mo6Ba moi BHywabBawe HeBepoamen
pecnekm u yBaxxeHue. Yyxgu My 6axa gpebGHOmemuemo, uHmpuzume u karokume. fopg com, ue
cbMm He206 yueHuk. Ko2zamo ce neHcuoHupa u a3 noex wjachemama om Hez2o, MYy NPegAOXKUX ga OC-
maHe 6 KAuHukama, 3a ga moxe ga npegaBa onuma cu, 3awjomo moii umawe owe Ha kakBo ga Hu
Hayuu. Aopu He cu no36oaux ga 6Aa3a egHa coguHa 6 kabuHema my.

Mog Hezo060 pbkoBogcmBo uzpacHa u ce ohopmu egHa WKOAA, KOAMO U gHeC npogbAaxkaBa ga
pa36ubBa HezoBume ugeu u cbm cuzypeH, ye mou Gewe wacmaub u ygobaembBopen ga Buxga, ue
cemeHama, Koumo e nocaa, gagoxa c6oume naogoBe. 3amo6Ba Ha BeHeya om KauHukama no EHgo-
KpuHoAO2uA Hanucaxme ,Ha yuyumeaa ¢ npu3HameAaHocm u 6AazogapHocm®. Tol uHUYUupa yyac-
muemo Ha KauHukama 6 npoekmu Ha EBponelcku cbt03, 6 koumo e koopguHamop 3a bbazapua:
EmuoAozua Ha 3axapeH guabem mun 1 Ha enugemuoAro2uyHa 6a3a (EURODIAB ACE) 1991-1994 2.,
MpeBeHyua Ha guabem mun 2 6 EBpona upe3 npomana 6 cmuaa Ha xxubom, géuzameana akmuB-
Hocm u guemuyeH pexxkum (DE-PLAN) 2006-2008 2., Mogzomo6Bka Ha cneyuaaucmu 6 o6Aacmma Ha
npeBeHyuama Ha 3axapeH guabem mun 2 (IMAGE), cmapmupaa cenmemBpu 2007 2.

Ho oc6eH me3u npodrecuoHaAHU gocmuXKeHUA UMA U egHa gpyz2a ccepa Ha AUYHOCMMA, 3a
Koamo gopu noBeue mucaum 68 momeHma, koezamo HacmwbnBa puzuyeckua Kpali HA MAEHHOMO
mano. Aouy. XpucmoB 6ewe eguH HeBepoamen uoBek. Toli BuHazu mucrewe 3a Bceku eguH om Hac
u umawe Bpeme ga Hu uzcaywa, npu He2o BuHazu moxxewe ga omugew ¢ npobArema cu u ga pa3-
yumauw, ye we 0bge peweH. Tol moxewe ga pabomu MHO20, HO U Gewe 06bpHaAM Kbm xuBoma
u ymeewe My ce HacaaxgaBa. Ha npagHencm6Bama Ha KauHukama cb3gaBawe ycrobua Bceku ga
peAakcupa u ce yybcmBa npuamuo. Mmawe mHO20 wupoka obuwa kyarmypa u epyguuua u bewe
ucmuHcko ygoBoacmBue ga ce o6wyba c Hezo.

Omuge cu eguH 20AaM AeKap, yuumea u goosp yoBek. Umemo my we ocmane 6 cBemaume cmpa-
HUYU Ha 6'bA2apckama meguyuHa u 6 Hawume gywu u cbpya ¢ npuzHameAHocm u GAazogapHocm.

MokAoH npeg namemma my!

Mpodp. 3gpabko KameHo6, gm, guH om umemo Ha Pegkorezuama
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nomBbprkgaBam cveaacuemo cu 3a ydacmue u
gekaapupam, ye mamepuarbm He e omnedamBan
6 gpyau HayuHu cnucanus, ocBer kamo pesiome Ha
CbObWEHUE, U3HeCeHO Ha Hay4eH (hOPYM.
Obembm Ha npegcmaBernume mamepuaau
He mpatBa ga npeBuwaba 10 cmangapmHu (no

1800 3Haka) cmpaHuuu 3a opu2uHasHuUme cma-

muu, 14 cmpaduuu 3a o630pHUMe cmamuu, 4

cmpaHuuu 3a Kajycume, 2 cmpaHuuu 3a uHdgop-
Mayun OMHOCHO Hay4HU npoaBu u HayyHU guCKy-

cuu, 1 cmpaHuua 3a peueH3uu Ha moHozpachuu,

yuebHuyu u np. B nocouenua obem He ce Braou-

Bam mumyanama cmpanuya u pe3iomemo.
Cmpykmypama Ha cmamuume mpab6a ga
omezoBapa Ha caegHume u3uckBaHus:

TumyaAHa cmpaHuua

a) 3az2nabue, umena na aBmopume, mecmo-
paBGoma, Hayuna opeanuzauus. [1pu noBeue ab-

mopcku 36ena ¢ apabcka uyucppa ce mapkupam
KopecnoHgupauwume um aBmopu.

0) cowume gaHHU Ha aH2AUUCKU e3UK Ce U3~

nucBam nog Gbazapckua mekem. [Mpu cmamuu
om uyxkgu aBmopu Guazapckuam mekem caegBa
aHz2AUUCKUA,

6) agpec 3a kopecnoHgeHuus - CbgbpiKa

ganHume Ha aBmopa 3a kopecnoHgeHuua Ha HbA-

2apCKU U aH2AulCKU e3uK - ume, mecmopaboma,
NOWEHCKU U eAekmpoHeH agpec.

Pe3tome
Pesiomemo ce npegcmaBa na omgeaHa
cmpanuya 6 obem go 250 gymu. To mpabBa ga

Obge cmpykmypupaHo kakmo caegBa: uea, ma-

mepuaAu U Memogu, pe3yamamu U 3akAl4eHus.

Tazu cmpykmypa He Baxku 3a o630pHUME cma-

muu. lNocouBam ce go 5 kaouoBu gymu.

OcHoBen mekcm
Opuzunarnume cmamuu mpabBa ga ca

cmpykmypupaxu kakmo caegBa: BvBegerue, ma-

mepuas U Memogu, pe3yamamu, obcbXKgaHe,

3akalouerue u/uau u3zBogu. B mekcma ce gonyc-

Kam camo OuUUUAAHO Npuemu MexKgyHapogHu
CbKpaujeHus, ocmaHaaume mpabBa ga 6bgam

required to submit within 3 weeks the corrected
version together with the English language transla-
tion (not applicable for review articles). A cover let-
ter, signed by all authors is mailed to the editors,
stating any conflicts of interest and that the manu-
script in full or any part of it has not been pub-
lished elsewhere or simultaneously submitted for
publication, except as an abstract of congress par-
ticipation.

The size of each paper should not exceed 10
standard pages (1800 characters) for original
research articles, 14 pages for reviews, 4 pages for
case reports, 2 pages for short communications,
discussions or scientific events announcements or
comments and 1 page on medical book reviews.
The manuscripts should be structured as follows:

Title page

a. Title, names of the authors (family name fol-
lowed by given name), affiliation. If more than one
affiliation, they should be designated by Arabic
numbers in Bulgarian and English languages.

b. A short title up to 8 words should be pro-
vided

c. Address of the corresponding author name,
postal address (business of home as preferred),
phone number, fax number, email address.

Abstract

The abstract should occupy the next page of
the manuscript and not exceed 250 words. The
abstracts of original research papers should be
clearly structured with Aim; Materials and meth-
ods; Results; Conclusions. Abstracts of review
papers may not follow that structure. Up to five
key words should be written after the abstract.

Main text

Original papers should be structured as fol-
lows: Introduction; Aim; Materials and methods;
Results; Discussion; Conclusions. Any abbreviation
that is not commonly accepted should be written in
full followed by the abbreviation in parentheses at
first mention in the text. The International System of
Units (SI) should be used for all measurement units.
Citations in the text are designated by their bibliog-
raphy sequential numbers in parentheses.

Tables and figures

Fach table should be on a separate page after
the bibliography with the table caption preceding
it. All illustrations should be submitted as separate

Endocrinologia vol. XXV N22/2020




YkasaHug 3a aBmopume

Instructions to authors

noacHenu 6 mekcma npu nvpBama um noaBa. 3a
MepHUME eqguHUUU € 3agbAXKuMmeAaHa mexKgyHa-
pogiama cucmema Sl. Llumamume Bvmpe 8
mekcma ce ombBeanzBam camo ¢ Homepama um 8
KHU20NUCa, 02pageHu ¢ MaAku ckobu.

TabAuuu u uAarocmpauguu

Bcaka mabauua ce npegocmaBa Ha omgea-
Ha cmpaHuua caeg KHuzonuca. 3azaaBusma Ha
mabauuume ce uznucBam Hag max. Malocmpauu-
ume ce npegcmabBam Ha omgeaHu pataobe. pa-
puku u guazpamu ce npegocmaBam 6v6 hopma-
mu xlIs (MS Excel), .ppt (MS PowerPoint), .eps
(encapsulated postscript), koumo no3BoaaBam
pegakmupare. CHumku (cobecmBenu), kakmo u
penpogykuuume Ha noa3BaHu om 4y>kgu uzmou-
Huuu om Mumeprem ga 6bgam npegcmabanu ¢
gobpo kauecmBo 668 chopmam JPEG u pe3oaio-
uua 300 dpi. Tekcembm Kbm uAlOCMpavuume ce
npegcmaBa 6 kpaa na ocHoBHua mekcm, caeg
mabauuume. Homepauuama na mabauuume u
uAlocmpaguume e ¢ apabcku uuppu u ce NOCou-
Ba B8 ocHoBHua mekcm. [pu u3znoa3zBare Ha
uykg uatocmpamuBen mamepuas, nocaegHuAm
mpatBa ga 6bge npugpyxkeH cbc cbomBemuo
cbaaacue 3a Bv3znpousBerkgaHe om Hocumeaa Ha
aBmopckume npaBa. ToBa ce ykazBa B8 mekcma
KbM UAIOCMpauuama.

KHuz2onuc

KHuzonucem ce npegcmaba Ha omgeaHa
cmpaHuua. bpoam Ha uumupaHume u3MoYHUUU
e npenopbyumeAHo ga He HagxBopaa 25 (3a 06-
3opHume cmamuu 40) kamo caegBa ga BkaiouBa
aKkmyaAHU U3MOYHUUU OM nocAegHume 5 2ogu-
HU, Kakmo u nybaukayuu om 6bazapcku aBmopu,
paBomuau no cvomBemuua npobaem. IMogpesk-
gaHemo Ha ugmouHuuume ga cmaba no pega Ha
noaBa 6 mexkcma. Knuzonucom ce opopma Cbe-
AacHo Yuuduyuparume uzuckBanua 3a nybauka-
uuu B8 obracmma na Buorozuama u meguyuHama
u e onpocmena Bepcua na cmua BankyBop (http:
//www. ncbi. nlm.nih. gov/pmc/ articles/ PMC
3142758/). Bcuuku aBmopu ce ombeaazBam c
(hamuAHO ume, nocaegBaHo oM  uHUUUAAUME.
INpu noBeue om wecm aBmopu, caeg wecmusn ce
nocmaba et al. CaegBa yaromo 3azaabue na uu-
mupaHama cmamusa (¢ 2raBra 6ykBa e camo Ha-
yarHama gyma), HazBaHue Ha cnucaHuemo u3nu-
caHo cbkpameHo cnopeg Index Medicus, 2oguna,
mom, Bpol Ha KHuxkama 6 maaku ckobu (He3a-
gbAKUMEAEH NPU U3gaHuA C HenpekbCcHamo

files. Diagrams and graphs should be prepared in
XLS (MS Excel), PPT (MS PowerPoint), EPS (encap-
sulated postscript) file formats that permit further
processing. Bitmap images (photographs etc.)
should be submitted in JPEG format and resolution
300 dpi. The figure captions are added to the main
article document after the tables. All tables and fig-
ures are numbered sequentially and should be
referred to in the text. If illustrations from other
sources are used, the latter should be accompa-
nied by the relevant permission for reproduction
with a reference in the figure caption.

References

The references should be presented on a sep-
arate page at the end of the manuscript. It is rec-
ommended that the number of references should
not exceed 25 titles for original research articles
and 40 titles for the reviews. It is advisable that
sources on the topic from the recent five years be
used. The references are listed in their order of first
appearance in the text. They should follow the
Vancouver format and the Uniform requirements
(http:// www.ncbi. nlm. nih.gov/pmc/ articles/
PMC 3142758/). All authors should be listed for
papers with up to six authors; for papers with more
than six authors, the first six only should be listed,
followed by et al. The authors are followed by the
full title of the paper (Only the first word is capital-
ized). The journal title is abreviated in conformity
with the latest edition of Index Medicus, followed
by year, volume, issue in parentheses (not neces-
sary for periodicals with a continuous pagination
throughout the volume) and full first and last page.
Chapters of books are cited in the same way, the
full name off the chapter first, followed by ,In:*, full
title of the book, editors, publisher, town, year, first
and last pages of the cited chapter.

Examples
Reference to a journal article:
1. McLachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? | Clin Endocrinol Metab 1994;
78 (5): 1070-1074.

If the original cited paper is in Bulgarian:

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al. A
consensus of the Bulgaran Institute Metabolic Syn-
drome on the metabolic syndrome. Nauka
Endocrinologia. 2010; 2: 53-70 (in Bulgarian)
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HOoMepupaHe Ha cmpaduuume 6 moma), nbAHU
HauaAaHa u kpalHa cmpaduya. MaaBu (pazgeau)
om kHu2u ce uznucBam no aHanoz2u4YeH HAuuH,
kamo caeg aBmopa u 3azaabuemo Ha 2aaBama
(pazgena) ce ombeanzBam umerama Ha pegakmo-
pume, nbAHOMO 3a2aabue Ha KHU2ama, uzgamea-
cmBomo, 2pagbm u 2oguHama Ha u3gabane, Ha-
yaAHama u kpatHama cmpanuua. Mi3mounuuyume
Ha kupuauua cregBa ga 6vgam npegecmabenu u ¢
opu2uHaaHua um npeBog Ha aHeAulcKu UAU
mpaHcaumepauua (ako U3mouHUKbBM HAMA OpuU-
2unaaer npeBog Ha 3azaaBuemo u pe3iome Ha aH-
2aulicku) u cbe 3abeaesxka 6 ckobu (in Bulgarian).
KHu2onucbm Ha op2uHaAHUMe cmamuu ce omne-
uamBa caeg aHaAulCKUA MeKem.

Mpumepu:

Cmamua om cnucaHue:

1. McLachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? J Clin Endocrinol Metab 1994;
78 (5): 1070-1074.

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al.
A consensus of the Bulgaran Institute Metabolic
Syndrome on the metabolic syndrome. Nauka
Endocrinologia. 2010; 2: 53-70 (in Bulgarian)
(XpucmoB Ba, lToueBa H, NemkoBa M, 3axapu-
eBa C, OpbeuoBa M u cvabm. Koncencyc Ha
bbAzcapckua uHcmumym ,MemaboaumeH cuH-
gpom” 3a noBegeHue npu memaboAumeH cuHg-
pom. Hayka Engokpuronoaun 2010; 2: 53-70).

Naba (pazgea) om kHuza:

1. Delange F. Endemic Cretenism. In: Brave-
man L, Utiger R, editors. The Thyroid. 9-th ed.
Philadelphia: Lippincott Co; 1991. p. 942-955.

Mamepuacume mpa66a ga ca Hanucanu Ha
npaBunen 6wvazapcku, pecnekmuBHo aHzAUlCKU
ejuk npu cnazBane Ha coBpemennume npaBuaa 3a
npaBonuc u nynkmyayua. lpenopwsyumenro e ab-
mopume ga KOHCYAMupam aHZAUUCKUA MeKcm C
¢huronoz uau anzaozoBopaw. Pegakyuama moixe
ga Haco4yu kem kBaaugpuyupanu npebogayu 3a
npeBog uau pegakmupave Ha mamepuasume Ha
aHZAULOCKU €3UK cpewjy 3anAawanve. Mamepuaau,
koumo He omzoBapam Ha uzuckBanuama Ha cnu-
caHuemo, ce Bpovwam Ha aBmopume 3a Kopexyuu
npegu ga 6bgam npegageHu 3a peyeHupaxe.

(XpucmoB Ba, lNoueBa H, lNemkoBa M, 3axapueBa
C, OpbeuoBa M u cvaBm. Koncencyc Ha bbazap-
ckua uHcmumym ,MemaboaumeH cuHgpom” 3a
noBegenue npu memaboaumeH cuHgpom. Hayka
EHgokpuHorozua 2010; 2: 53-70).

References to a book chapter:

1. Delange F. Endemic Cretenism. In: Brave-
man L, Utiger R, editors. The Thyroid. 9-th ed.
Philadelphia: Lippincott Co; 1991. p. 942-955.

The manuscripts should be prepared in good
contemporary language with correct spelling, gram-
mar and punctuation. Non-native English authors
are advised to consult the text with a native speaker
or a philologist. On demand, the editors might rec-
ommend paid qualified translators for text transla-
tion or language proof-reading. Manuscripts that do
not comply with the requirements of the journal will
be returned to the authors for corrections before
being forwarded to the reviewers.
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