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Mapkepu 3a paHHa gemekuuga Ha bbbpeyHomo yBpexkgane
npu pasauyHu omkaoHeHus B 2aloko3sHuga monepaHc
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Pesiome

3axapHuam guabem e memaboAumHo 3aboas-
BaHe, koemo ce paznpocmpaHaBa ¢ naHgemuuHa
ckopocm B cBemoBer mawab. Mo ma3zu npuyuHa ce
o6pbwa Bce no-2oramo BHumaHue Ha npeBeHuuama
My u cBbp3zaHume € He20 XPOHUYHU YCAOXKHeHUA. B
ma3u Bpb3ka npe3 nocaegHume 20guHU C 0cobeH
uHmepec ce pazaaexkgam npeguabemHume cbcmoa-
Hug, koumo npegcmaBaaBam mexkguHeH eman om
npexoga mexgy HopmaaHama 2Al0KO3Ha Xomeocma-
3a u 3axapHua guabem.

MukpocbgoBume ycaroxkHeHua - guabemHa pe-
MUHONAMuA U Heghponamua 3acazam 20AaMa 4acm om
nauueHmMume CbC 3axapeH guabem - cnopeg Aaumepa-
MYpPHU gaHHU OKOAO 25-40%. Bucokama yecmoma u
BauaHuemo um Bbpxy kauecmBomo Ha xuBom u co-
UUOUKOHOMUYEeCKUmMe nocaeguuu nokasBam BaxkHama
poAa Ha npeBeHuuama Ha MukpocbgoBume ycAo>KHe-
Hua He camo B guabemHama nonyaauua nayueHmu, HO
u 6 2pynama ¢ HapyweH 2AI0KO3€eH MoAepaHc.

3a ocHoBHU puckoBu hakmopu 3a pazBumuemo
Ha guabemHa Hedpponamua ce cmamam gaBHocm Ha
3axapHua guabem, AOW 2AUKEMUYEH KOHMPOA, ap-
mepuaAHa xunepmoHus, gucaunugemusn, yBeaudeHa
00UKOAKa Ha maAuama, HagHOPMEHO MEAECHO Me2A0
u 3amabemaBare, Bb3pacm, noA u pamuaHa obpeme-
HeHocm. Yacm om max ca KOMNoHeHMuU Ha memabo-

Abstract

Diabetes mellitus is a metabolic disease that
is spreading at pandemic rate worldwide. For this
reason, increasing attention is being drawn to its
prevention and associated chronic complications.
In this regard, prediabetic states, which represent
an intermediate stage in the transition between
normal glucose homeostasis and diabetes melli-
tus, have been examined with particular interest
in recent years.

Microvascular complications - diabetic reti-
nopathy and nephropathy are affecting a substan-
tial proportion of patients with diabetes mellitus
and, according to the literature data, this amounts
to about 25-40%. Their high rate and impact on
quality of life and socioeconomic consequences
demonstrate the important role of prevention of
microvascular complications not only in the dia-
betic patient population but also in the group with
impaired glucose tolerance.

The main risk factors for the development of
diabetic nephropathy are considered to be the
long duration of diabetes mellitus, poor glycae-
mic control, arterial hypertension, dyslipidaemia,
increased waist circumference, being overweight
and obese, age, gender and family predisposition.
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CankoBa, MapmuHa U.,

AUMHUA CUHgPOM U Xxapakmepu3upam Bucokopucko-
Bama nonyaauua Auua ¢ npeguabem, koamo e obekm
Ha uHmMepec, MbU Kamo no3Hamume namodu3uo-
AO2UYHU gepekmu, Xapakmepu3upawu 3axapeH gu-
abem mun 2, ce HabaogaBam u npu pazBumuemo
Ha npeguabemHume cbcmosaHua. [To ma3u npuvuHa
e ocHoBameaHo npoBexxgaHemo Ha u3zcaegBaHua
3a Bpb3kama mexgy pazBumuemo Ha guabemwa
Hepponamua u Haauyuemo Ha npeguabem.

INpe3 nocregHume 20guHu BHUMaHuemo ce Ha-
COYU KbM HamupaHemo Ha paHHU Buomapkepu, KOu-
mo ga no3Boasm paHHama guazHo3a, npegomBpa-
maBaHe Ha paznpocmpaHeHuemo u 3abaBaHe Ha
npozpecuama Ha Beve uzaBurama ce Hepponamus.
Kamo makuBa ce ouepmaBam uucmamun C, Heympo-
puaeH >keramuHasza-acouuupar AunokaauH (NGAL),
xomouucmeuH, E-kagxepuH u goemyuH-A.

KaroyoBu gymu:

Part of these are components of metabolic
syndrome and are typical for the high-risk popula-
tion with prediabetes. This is a subject of interest
due to the presence of well known pathophysio-
logical defects which characterize type 2 diabetes
mellitus and are also observed in the development
of prediabetic conditions. For this reason, research
on the relationship between the development of
diabetic nephropathy and the presence of predia-
betes is well-founded.

In recent years, the focus has shifted to find-
ing early biomarkers to enable early diagnosis, pre-
vention of the spread and slowing the progression
of nephropathy that has already developed. Cys-
tatin C, neutrophil gelatinase-associated lipocalin
(NGAL), homocysteine, E-cadherin and fetuin-A
have emerged as such biomarkers.

Key words:

mukpocbgoBu ycaroxkHeHus, guabemua Hedpponamus,
npeguabem, paHHu Buomapkepu

microvascular complications, diabetic nephropathy,
prediabetes, early biomarkers

BbBegeHue

3axapHuam guabem (3A) e memaboaumHo 3a60-
AaBaHe, koemo ce paznpocmpanaBa ¢ naHgemudHa
ckopocm 6 cBemoBeH mawab. o ma3u npuyuHa ce
o6pbwa Bce no-zoramo BHumaHue Ha npeBeHuuama
Ha 3axapHusa guabem u cBbp3zaHume C HE20 XPOHUYHU
ycAaoXkHeHua. B ma3u Bpb3ka npe3 nocaegHume 20gu-
HU c 0cobeH uHMepec ce pa3aaexkgam npeguabemHu-
me cbcmoaHug, koumo npegcmabBaaBam mexkguHeH
eman om npexoga Me>xgy HopmaaHama 2Al0Ko3Ha Xo-
Meocmasa u 3axapHua guabem. Kom npeguabemHume
cbCcmosHue ce omHacam gBe kamezopuu - Hapywe-
Ha 2Aukemus Ha eaagHo (HIT) u HapyweH 2aloko3eH
moaepaxc (HIT). N gBeme HapyweHusa ce pazeaex-
gam kamo puckoBu pakmopu 3a pazBumue kakmo
Ha 3axapeH guabem, maka u Ha cBbp3aHu ¢ guabema
XPOHUYHU YCAOXKHEHUA.

Kom mukpocbgoBume ycAoxHeHUA Ha 3axapHun
guabem ce npuducasBam guabemHama Hedpponamus
(AH) u guabemnama pemunonamus (AP). Auabemna-
ma Hedpponamua ce gepuHupa Kamo HaAuvue Ha Ha-
pyweHa 6bbpeuHa yHKUUA NPU NAUUEHMU CbC 3A
npu u3katouBaHe Ha gpyau NpuduHU 3a 6b6peyHo 3a-
6oanBane. AuazHo3ama ce 6a3zupa Ha HaAuMUEMO Ha
HamaAeHa 2aomepyaHa cpuampavun (FD) (eGFR<60ml/
min/1,73m?) u/uau yBeaudeHa ekckpeuusa Ha aAbYmuH

C ypuHama (=30mg/24uaca) uau onpegeaaHe Cbom-
HoweHuemo aArbymuH/kpeamuruH (ACR) 8 cympew-
Ha ypuHa (>3 mg/mmol), nepcucmupawu noBeue om
3 meceua (1).

Kbm Hacmoawua momeHm B Aumepamypama
wupoko ce guckymupa Bvnpocbm cpewam Au ce
MUKpocbgoBu ycaoxkHeHUa npu Auua ¢ npeguabem.
Mma Au npudvuHHo-cAegcmBeHa Bpb3ka mexgy npe-
guabema u mukpocbgoBume ycAaoXKHEHUs, Xapak-
mepHU 3a nauueHmume ¢ Beye ycmaHoBeH 3axapeH
guabem, kakBu ca ocHoBHUMe puckoBu pakmopu 3a
pazBumuemo um u ¢ kakBu AabopamopHu u anapam-
HU memogu 3a ycmanoBaBaHe Ha paHHUME OMKAO-
HeHua paznoaazame npu BucokopuckoBama nonyaa-
uua nayueHmu.

Enugemuonozug

B cBemoBen mawab ce HabaogaBa pazko noBu-
wabBaHe Ha yecmomama Ha 3axapHua guabem. Ta3u
meHgeHuua ce nomBbpykgaBa u om gaHHume om no-
cAegHOMO u3gaHue Ha Amaaca Ha MexxgyHapogHama
guabemHa hegepauyus, cnopeg Koumo kbm 2021 2.
OKOAO 537 MUAUOHA gywu cmpagam om 3axapeH gu-
abem, a mexHuam 6pou kbm 2045 2. we gocmuzHe
0KOAO 783 muauoHa. CbwecmBeHo 3HauyeHue npugo-
6uBam u paHHume HapyweHua 8668 Bbvarexugpamta-
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ma ob6MAHa, KOUMO 3aemam Me>KgUHHO MACMO MEX-
gy HOpPMaAHUA 2Al0KO3eH moaepaHc u Beue pazBumus
3axapeH guabem. Cnopeg AumepamypHuUme gaHHU
10,6% om HaceaeHuemo e ¢ HIT (541 mAH. gywu),
a 6,2% - ¢ HIT (319 mAH. gywu) (2). Te3u gaHHU
nomBuprkgaBam Hyxxgama om nogobperue B guae-
Hocmukama Ha 3aboaaBaHemo, Kakmo u paHHOMO
ugeHmucpuyupaHe Ha auuama 6 puckoBume kamezo-
puu ¢ npoBe>kgaHe Ha ckpuHuH20Bu npozpamu.

Om gpyea cmpaHa, AOWUAM 2AUKEMUYEH KOH-
mpoa ce cBbp3Ba c pazBumuemo Ha XPOHUYHU MU-
KpoO- U MakpocbgoBu npomeHu, koumo obycraBam
opeaHHume yBpegu BcaegecmBue Ha 3ab6oaaBaHemo
(3). MakpocbgoBume ycroxkHeHUA 3acazam Cbpgeu-
Ho-cbgoBama cucmema u obycaaBam pazBumuemo
Ha KopoHapHa 6oAecm Ha Cbpuemo, MO3bUYHO-CbJO-
Ba u nepupepHa cbgoBa 6orecm. MukpocbgoBume
yCcAoxKHeHuUa - guabemua pemuHonamus u Hedpo-
namus 3acazam 20AamMa 4acm om nauyueHmume CbC
3axapeH guabem - cnopeg AumepamypHuU gaHHU
oKoAO 25-40% (4, 5). AuabemHama pemuHonamus e
HaG-yecmama npuduHa 3a HoBoBb3HUKBawu cayvau
Ha cAenoma u cepuo3Ha 3azyba Ha 3peHuemo npu
Bb3pacmHu, kKamo ¢ npozpecupaHe Ha 3a6oaaBaHemo
npoueHmMbM Ha 3acezHamume nauyueHmu ce yBeau-
yaBa. AuabemnHama Hecpponamua om cBoa cmpaHa e
camocmoamenaHa u Bogewa npudura 3a pazBumuemo
Ha XpoHU4YHO 6bOpeuHo 3ab60A98aHe (XB3). B cBemo-
Ben mawab npuuuna 3a 80% om cayuaume Ha mep-
MUHaAHa 6bbpeyHa HegocmambYHOCM € 3axapHuam
guabem uau apmepuasHama XunepmoHUs, UAU KOM-
6uHauyua om gBeme (6).

Bucokama wecmoma u BauaHuemo um Bbpxy Ka-
yecmBomo Ha >xuBom u couUOUKOHOMUYECKUME NO-
cAeguuu nokazBam BaxHama poaa Ha npeBerHuuama
Ha MUKpocbgoBume ycaoxkHeHua He camo B guabem-
Hama nonyaauua navueHmu, Ho u 6 2pynama c Hapy-
WeH 2AI0KO3€eH moaepaHc. Tol Kamo ycAoXkKHeHuama
Ha 3axapHua guabem moz2am ga Gbgam HaAuvHU owe
npu guazHoCcmMuuupaHemo Ha 3aboaaBaHemo npu
Auua cwe 3A mun 2, BaxxHo e me ga 6bgam ueaeHa-
coueHo mbpceHu Bv6 BucokopuckoBama nonyaauusn
AUUA C gaHHu 3a npeguabem. ToBa Hu gaBa ocHoBa-
Hue ga mbpcum HOBu nepcnekmuBu 6 paHHama um
guazHoCmMuKa, Kakmo u memogu 3a npegomBpamsaBa-
He Ha noHamambwWHOMO um pa3zBumue u BAowaBaHe.

lMamozeHe3a

3a ocHoBHu puckoBu pakmopu 3a pazBumuemo
Ha AH ce cmamam gaBHocm Ha 3axapHua guabem,
AOW 2AUKEMUYEH KOHMPOA, apmepuaiHa Xunepmo-
Hua, gucaunugemus, yBeauueHa oGUKOAKA Ha maauA
ma, HagHOPMEHO MEeAeCHO me2A0 U 3amAbcmabate,
Bb3pacm, NoA u pamuaHa obpemeHeHocm. Cnopeg

AUMepamypHU gaHHU noAbm uzpae poaa B8 paszBu-
muemo Ha AH, kamo 8 pazauuHu npoyuBaHua e goka-
3aHO, Ye MbXKKUAM NoA e HezaBucum puckoB pakmop
3a aAbymuHypua, gokamo npu >KeHU e no-xapakmepHa
AH 6e3 aAbymuHypua, HO NpU HaMaAeH KpeamuHuHOB
KAupbHC (7-9). TMpaBu BneyamaeHue pazgeaaHemo
Ha Hecpponamuama B gBe epynu - aabymuHypuuHa
u HeaABymuHypuuHa, Kamo u npu gbeme ce ouepma-
Bam ocHoBHu puckoBu cpakmopu (PD) 3a noaBama
um. 3a pazBumuemo Ha aAbymuHypua ocBeH mbXKKua
noa, kamo P® ce ombeaazBam Bv3pacm, gaBHocm
Ha 3aboaaBaHemo, miomioHonyweHe, 3amabcmaba-
He, yBeauueHa obukoAka Ha Maauama u HaAudue Ha
npeguwecmBawa pemunonamusa (7-13). MacmHama
mbkaH, 8 yacmHocm 6arama macmHa mbkaH, ce cuu-
ma 3a eHgOKpUHEeH op2aH, KOUmo cekpemupa pa3Aud-
HU UUMOKUHU U pacmeykHU akmopu, umawu poAa
8 pazBumuemo Ha HuckocmeneHHo Bb3nareHue u
eHgomeAHa gucgyHkuug, 8 peyamam Ha koumo ce
HabAlogaBam opearHu yBpexkgaHua. [NMopagu moBa 6
MHO200poUHU u3caegBaHua e gokazaHa poaama Ha
gucaunugemuama (noBuwero HUBo Ha mpuzauuepu-
gu u LDL-xoaecmepoa), kakmo u Ha noBuweHua 6pol
6eAu macmHu KAemku, kamo ¢pakmop 3a pa3zBumue
Ha aAbymuHypus (14). Kamo ocHoBHu puckoBu dpak-
MOopU 3a pegykuua Ha 2A0OMepyAHama uampauua
(M), GFR<60 ml/min/1,73 m?, ce cuumam HuBo Ha
CEPYMHUA KpeamuHUH, CUCMOAHO apmepuaAHO HaAs-
2aHe (CAH), Bb3pacm, >KeHCKU NOA, pbCM U Hamaae-
Ha obukoaka Ha maauama (7). NMpaBu BneyamaeHue
Bpb3kama mexgy >KeHckua NoA u obukoakama Ha
maauama ¢ HapyweHuama 6 6bbpeuHama yHKuus,
pegom ¢ ocHoBHUMe u HezaBucumu puckoBu hakmopu
- kpeamuHuH u CAH. lNpeguabemHume cbCcmoaHua ca
cBobp3aHu c noBuweH puck om pazBumue kakmo Ha 3A,
maka u Ha cBbp3aHume ¢ Hezo ycao>kHeHua. Auuama 6
ma3u BucokopuckoBa nonyaauusa 6 2oaamama cu yacm
nokpuBam kpumepuume 3a memaboAumeH CUHgPOM
(MC), koumo BcbwHocm ca u ocHoBHuMe puckoBu
dpakmopu 3a pazBumue Ha Hedpponamusa u Xb3.

B namozenezama Ha AH yuyacmBam memabo-
AUMHU, XeMOgUHaMU4YHU U 2eHemu4Hu gakmopu.
MemaboaumHume nbmuwa ca pesyamam Ha Aowua
2AUKEMUYEH KOHMPOA U HAAUYUEMO Ha XPOHUYHA
xunepaaukemus, BcaegcmBue Ha koamo ce Bkalou-
Bam noauoroBuam nbm Ha oO6mAHA Ha 2AOKO3ama,
noBuweHama akmuBHocm Ha npomeunkuHaza C,
HEeeH3UMHOMO 2AUKUpaHe Ha CmpykmypHu Geamdb-
uu B 6bbpeka (AGE’s), cekpeuusma Ha npouHArama-
MOPHU UUMOKUHU U pacmexkHu thakmopu, Bogewu
go obpazyBare Ha cBobogHu pagukaau u pa3zBumue
Ha eHgomeaAHa guciyHkuua Ha HuBo 6bbpek (5, 15,
16). XemoguHamuuHume dpakmopu BrarouBam akmu-
BupaHe Ha pa3auuHu BazoakmuBHu cucmemu, Kamo
peHuH-aH2uomeH3uH-aagocmepoHoBama  cucmema
(PAAC) u eHgomeauHoBama cucmema, koumo Bogam
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go noBuwabaHe Ha cucmemMHOMO U UHMpaz2AOMe-
pyaHOomo HaaszaHe. Cuuma ce, ve ce HamecBam u
2eHemMuUYHU hakmopu, Mbl Kamo camo yacm om na-
uueHmume cbe 3A pazBuBam Hedpponamusn, a u uH-
meH3uBHUAM KOHMpPOoA HamaaBa, Ho He npeBaHmupa
nosBama Ha aAbymuHypusa. Taka puckbm om pa3Bu-
mue Ha AH e 3HauumeaHo no-Bucok npu nayueHmu
¢ nbpBocmenenen pogcmBeruk ¢ Hedpponamus. [Ma-
moezeHemuyHUMe mexaHu3mu 3a pazBumue Ha AH ca
noka3aHu Ha Queypa 1 (Due. 1).

MpeguabemHume cbCmoAHUA Ce Xapakmepu3u-
pam Kamo NpexogeH eman MeXXgy HOPMaAHUA 2AI0-
KO3eH moAepaHc u 3axapHua guabem. Pazgeaasm ce
B8 gBe kamezopuu - HapyweHa 2AUKEMUA Ha 2AagHO
(HIT) u HapyweH 2at0k03eH moaeparc (HIT). MNopagu
hakma, ye npeguabemHume cbCMoAHUA ca puckoBu
hakmopu 3a pazBumue Ha 3axapeH guabem mun 2
U cbpgedHo-cbgoBu 3aboaaBaHun, npe3 nocaegHume
20guHU ce obpbwa Bce no-2oramo BHUMaHUe Ha Mmasu
BucokopuckoBa nonyaauua auua ¢ uea npebeHuun Ha
No-HamambWHU YcAroxkHeHua. Ha Tabauya 1 ca npeg-
cmaBeHu ocHoBHUME Kpumepuu 3a guazHo3a Ha pas3-
AUYHUME CMENeHU Ha 2AI0KO3eH moAepaHc - Ha ba-
3ama Ha naazmeHama 2AI0KO3a Ha 2AagHo U Ha 2-pun
yac B xoga Ha OpareH 2AOKO30-MOAepaHceH mecm
(OrTT) (C30 2006).

[MozHamume namogu3uoAO2UYHU  gedpekmu,
Koumo xapakmepu3upam 3A mun 2, ce HabalogaBam
u npu pazBumuemo Ha npeguabemHume CbCMOAHUA
(Oue. 2). Ha nbpBo macmo moBa ca HapyweHomo
uHcyauHoBo gelicmBue - uHcyauHoBa pe3ucmeHm-
Hocm (MP) u HapyweHama uHcyauHoBa cekpeuus,
kamo 3a nvpBuueH gegpekm ce cmama WP, koamo
npeguwecmBa noaBama Ha xunepeaukemusa u u3aBa-
ma Ha 3axapHua guabem npu Beue komnpomemupa-
Ha 6ema-kaembyuHa pyHkuua (17, 18). AonbaHumen-
HU gedpekmu, koumo ce HabaogaBam 6 cmagus Ha
npeguabem ca noBuweHama AUNOAU3Q, HapyweHa
nocmnpaHguaAHa Cynpecua Ha cekpeuuama Ha 2At0-
Ka2oH om aApa-KAemKume Ha naHkpeaca u Hapywe-
Hama cekpeuua Ha uHkpemuHu 6 upeBHua mpakm. B
namoezeHe3ama yuyacmBam u pa3AuvHU NpouHpAama-
MOPHU UUMOKUHU - AENMUH, pe3ucmuH, agunoHek-
muH, uimepaeBkuH 6 (IL-6), mymopeH HekpomuyeH
dpakmop (TNFa) (19-23). Kamo puckoBu cpakmopu 3a
pazBumuemo Ha npeguabem ce npuemam Bb3pacm,
HagHOPMEHO MeAecHO Me2A0 u 3amabcmaBare, yBe-
AuYeHa 06UKOAKA Ha maAuama, Hucku HuBa Ha dpusu-
yecka akmuBHocm, gucaunugemus (noHuxeH HDL-xo-
Aecmepoa u noBuweHu mpueauuepugu). Told Kamo
MHO20 om u3bpoeHume puckoBu hakmopu ca yacm
om Kpumepuume 3a memaboaumeH cuHgpom (MC),
MO U HaAUYUEMO Ha MemaboAUMEH CUHGPOM JONbA-
HUMEAHO gonpuHaca Ha pa3zBumuemo Ha HapyweHua
B 2Atok03HUA moAepaHc (24) (Taba. 2).

Mapkepu 3a paHHo omkpuBaHe Ha guabem-
Ha Hepponamus

AuabemHama Hepponamusa e egHO om XpPOHUY-
HUME YCAOXKHeHUA Ha 3axapHua guabem, kamo ce
cyuma 3a Hal-4ecmo CpewaHomo YCAOXKHeHUe U
Bogewa npuyuHa 3a mepmuHaaHO ObOpeuHo 3abo-
AaBare 68 cBemoBen mawab (25, 26). [Mopagu moBa
paHHomo omkpuBare Ha omkAaoHeHua B ObOpeuHa-
ma pyHKuua He camo npu nauueHmu c Beve u3zaBen
3A, Ho u npu BucokopuckoBama nonyaauua Auua
npeguabem e om u3kalouumeaHa Baxtnocm. [Npe3 no-
caegHume 20guHu Bce no-eoaam uHMepec npegcma-
BanBa HamupaHemo Ha paHHU Guomapkepu, KOUMO ga
no3zBoaram paHHama guazHo3a, npegomBpamaBaHe
Ha paznpocmpaHeHuemo u 3ababBaHe Ha npoepecus-
ma Ha Beue uzaBurama ce Hecpponamus (27).

M3caegBane HuBomo Ha aabymuHypua u om-
HoweHuemo aabymuH/kpeamuruH (ACR) e ygobeH
MEMOoJ 3a oueHka Ha GbOpeuyHOMo 3acazaHe u ce u3-
noa3zBa kamo ckpuHuH208 mapkep 3a omkpuBaHe Ha
6vbpeuHo yBpexxgaHe owe npegu noBuwabaHe Ha
cepymHua KpeamuHuH u pegykuua Ha TD. MoBuwe-
Hama aAbymuHypua ce cyuma 3a paHeH npegukmop
3a pazBumue kakmo Ha cbpgeuHo-cbgoBu 3aboaaBa-
HUA, Maka u Ha KAUHUYHO u3aBeHa Hedpponamua. Ta
e pesyamam om noBuweH cbgoB nepmeabuaumem,
u3pa3 Ha 6b6peuHO 3acazaHe, Kamo Yacm om 2eHe-
paAuzupaHama eHgomeAHa gucyHKuua. Bbnpeku
guazHocmuyHume Bb3M0OXKHOCMU, KOUMO Npegocma-
B, aABymuHypuama uma HAKOU Hegocmambuu, Kamo
2oaama BapuabuaHocm u Hucka yyBcmBumeaHocm, a
Cbwo maka u He e cneyududHa 3a AH. ToBa gaBa oc-
HoBaHue ga ce mbpcam goNbAHUMEAHU paHHU Guo-
MapKepu 3a oueHka Ha ObOpevHama PyHKUUA Npu
nayueHmu om BucokopuckoBama nonyaauus.

CepymeH yucmamut C

lNpe3 nocaegHume 20guHu Bce no-20AaM  UH-
mepec npegcmabBaaBa uznorzBaHemo Ha cepymHusa
Llucmamux C kamo nomeHuuaAeH HagexkgeH mapkep
3a paHHa 6bOpeuHa yBpega Kakmo npu nauueHmu ¢
goka3zaH 3A, maka u npu nauueHmu ¢ memaboAaumeH
CUHgPOM U HapyweHua B 2aloko3HUA moaepaHc (28).

Llucmamun C npegcmaBaaBa HuckomoAekyaeH
6eambk, KoUmo ce npogyuupa om Bcuuku agpeHu
KAEMKU C NOCMOAHHA CKOpoCcm npe3 ueAua >kuBom.
CuHme3bm My e nocmosaHeH u 3amoBa naazmeHama
My KoHueHmpauus e 3aBucuma camo om ckopocmma
Ha 2aomepyaHama puampauus. Llucmamun C ce cuu-
ma 3a No-Hage>KgeH mapkep 3a oueHka Ha 6bbpeuHama
pyHkuua B8 cpaBHeHue cbC cepymHua KpeamuHUHNO-
pagu hakma, ue He ce Bauae om MyckyaHama maca,
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CankoBa, MapmuHa .,

Tabauya 1. OcrobHu kpumepuu 3a gua2Ho3a Ha pa3AuYHUME CMeneHU Ha 2AlKO3eH moAepaHc - Ha 6azama
Ha NAA3MEHama 2AI0KO03a Ha 2AagHO U Ha 2-pu yac B xoga Ha opaAeH 2A0KO30-moAepaHceH mecm

(C30 2006).
Hu6o Ha nAaazmeHa 2a0k03a (mmol/l)

HopmanaeH 2A10Kk03eH moAepaHc

Ha 2AagHO <6,1

Ha 2-pu yac 6 xoga Ha OT'TT <7,8
HapyweHa 2aukemusn Ha 2aagHo (HIT)

Ha 2AagHO 6,1-6,9

Ha 2-pu yac 8 xoga Ha OI'TT <7,8
HapyuweH 2A0k03eH moaepanc (HI'T)

Ha 2AQgHO <7,0

Ha 2-pu yac B xoga Ha OT'TT >7,8 u<11,1
3axapeH guabem

Ha 2AQgHO >7,0

Ha 2-pu vac 8 xoga Ha OT'TT > 11,1

Tabauya 2. AuazHOCMUYHU KpUMEPUU 32 MEMABOAUMEH CUHGPOM.

AuazHocmuyHu kpumepuu 3a MC

® LlenmpaaHo 3amabcmaBaxe

OObukoaka Ha maauama > 94cm 3a mbxke; >80cm 3a XKeHu

B cbuemarue ¢ 2 om caegHUMeHapyweHus:

® Tpuaauuepugu > 1,7 mmol/I

® HDL-xoaecmepoa <1,0 mmol/l 3a mbxxe; < 1,3 mmol/l 3a »xeHu

® ApmepuaaHo HaaseaHe > 130/85mmHg uAu AeveHue Ha guazHoCMuUUUpaHa XunepmoHua

® [1aa3zmeHa 2Atok03a Ha 2aagHO > 5,6mmol/l uau guaznocmuuupand 3A/HIT

noAa, He 3aBucu om HaAuduemo Ha Bb3naaumeaHu
npouecu B opeaHu3Ma U UMa U3KAIOYUMEAHO HUCKa
geHoHowHa Bapuauus (29). HuBomo my ce noBuwa-
Ba npu muHumarHu 6bb6peuHu yBperkgaHua, Koemo
gaBa Bv3moxxHOCm ga ce u3znoa3Ba 3a oueHka owe 6
paHHuUme emanu Ha 6b6pevuHo 3acazaHe.

B aumepamypama ce HampynBam Bce noBeue
gaHHU 3a 3HaYeHuemo Ha yucmamuH C Kamo mapkep
3a paHHa guabemHa Hedponamus, KaKmo U U3NOA3-
Batemo my npu uzuucanBaHe Ha 2AOMEpPYA Ha (UA-
mpauua (cys-GFR). Tlpe3 2009 2. Surendar u comp.,
nomBbprkgaBam me3ama 3a BaxkHama poaa Ha

yucmamuH C kamo paHeH npegukmop 3a 6bbpeyHa
yBpega. B uzcaegBanemo um ca BkaroueHu 5 2pynu
nauueHMu - C HOPMaAEH 2AIOKO3EeH MOAepaHC U Hop-
MOaAADYMUHYpuUS, € HapyweH 2AI0KO3eH MoAepaHc u
HopmoaAbymuHypus, ¢ uzBecmen 3A mun 2 u Hopmoa-
ABymuHypus, 6e3 pemuHonamus, ¢ uzBecmen 3A mun
2 u noBuweHa aAbymuHypus, 6€3 pemuHonamus, u
c uzBecmen 3A mun 2 u noBuweHa aAbymuHypua u
pemuronamua. AaHHume om moBa npoyuBaxe no-
kazBam, ue c BAowaBaHemo Ha 2AI0KO3HUA MOAEpaHC
ce noBuwaBa HuBomo Ha yucmamutx C u ycnopegHo
HamannBa cys-GFR, kamo Hat-Bucokume cmoluHocmu

EHgokpuHonoaus Tom XXVIII Ne1/2023



PaznozHamu namodu3zuoro2uyHU gedpekmu npu 3axapeH guabem mun 2 u npeguabem.

(Aganmupaxo no 17)

., MHcyauHoBa
cekpeyusq

FniokazoHoBa
' cekpeuyugq

YepHogpobHa
2A10ko3Ha

npogyk

HaAuyHu npu |
npeguabem

‘ MHkpemuHoB edpekm

HeBpompaHcmumepHa
guchynkuyus

Peabcopbuus

‘ MoaabwaHe
Ha 2Al0ko3a

Ha yucmamutx C u cbomBemHo Had-Huckume HuBa Ha
cys-GFR ce peaucmpupam 6 2pynume cbc 3A mun 2
C HaAuyue Ha MukpocbgoBu ycaoxkHeHua (30). Tesu
pe3yamamu ca 8 cbomBemcmBue ¢ gpyau npoyuba-
Hus, goka3Bawu npeBbixogcmBomo Ha yucmamux C
npeg naazmeHua KpeamuHuH npu omkpuBaHemo Ha
MUHUMaAHU omkaoHeHua 6 T npu Bvb3pacHu Auua,
npu koumo HuBomo Ha kpeamuHuHa e Bce owe B 2pa-
HUuuume Ha Hopmama (31-34).

O6exkm Ha uHmepec e pakmbm, ve HuBomo Ha
uucmamun C 3anouBa ga ce noBuwaba owe 6 ema-
Na Ha HapyWeH 2AKIKO3EH MOAEpaHC u npozpecuBHo
npogbaxkaBa ga ce nokauBa npu nauueHmu c Beue uza-
BeH 3A mun 2, gopu npu gaHHU 3a HOPMOAABYMUHY-
pus. ToBa gaBa ocHoBaHue ga ce cuuma, ye uma gpak-
mopu, KOUMo gonpuHacam 3a 6vbpeuHama yBpega 6
paHHUMe emanu Ha HapyweHa BbeaexugpamHa ooma-
Ha, HecBbp3aHu ¢ xunepaaukemuama (30). Kamo vacm
om MC uHcyauHoBama pe3ucmeHmHocm, uHgupexkm-
HO u3uucaeHa upe3z HOMA-IR, noka3zBa macHa Bpb3-
Ka ¢ HuBama Ha uucmamux C, a Cbwo Maka Kamo

BaxxeH eremeHm 3a pazBumuemo Ha CbpgeuyHO-Cb-
goBu 3aboaaBaHua uzpae gonbAHUMEAHA POAA Npu
acouuayusma mexgy uucmamuHd C u CbpgeyHo-Cb-
goBume 3aboanBaHua (35, 36). AHaAU3bBM Ha gaHHU-
me B8 npoyuBarHemo The Western New York Study,
kKoemo BkatouBa nonyaauua nauueHmMu € HaAuuue Ha
cbpgevHo-cbgoBo 3abonraBaHe Ge3 3A, nokazBa, ue
uucmamut C e Had-cuaHuam He3aBucum puckoB cak-
mop 3a xunepaaukemus, kamo HezoBume KoHueHmpa-
uuu HapacmBam owge npegu KAuHuuyHama u3aBa Ha
3A. Sabanayagam u cbmp. omkpuBam nozumuBHa
Bpb3ka mexxgy noBuwerHume HuBa Ha uucmamuH C
U HapyweHuama B 2Al0KO3HUA MOoAepaHc, gopu u npu
Auncama Ha 3amabcmaBane (37) u me3u gaHHU Cbom-
BemcmBam Ha npoyuBaHemo Ha Donahue u comp., 6
koemo noBuweHume HuBa Ha yucmamux C ce aco-
yuupam ¢ mpukpamto no-Bucok puck 3a npozpecus
8 npeguabem B8 BucokopuckoBama nonyaauua na-
uueHmu B cpaBHeHue cbe 3gpabu Bv3zpacmuu (38).
Om gpyea cmpaHa, Aude Servais u cbmp. u3kaz-
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Bam mBbpgeHuemo, ye noBuweHuemo Ha cepymHo-
mo HuBo Ha uyucmamud C npu nayueHmu C mema-
6oAumeH cuHgpom ocBeH npegukmop 3a pazBumue
Ha paHHO ObbOpeuHo yBpexgare, e u BaxeH Cobp-
geuHo-cbgoB puckoB gpakmop (35, 39). MC Bkaiou-
Ba abgomuHarHO 3amabcmaBaHe, gucAunugemus,
apmepuaAHa XunepmoHuAa U HapyweH 2AI0KO3eH
moaepaHc. [MamozeHe3zama Ha MC ce xapakmepu3u-
pa C HaAuMuemo Ha HuckocmeneHHo Bb3naseHue u
eHgomeAHa gucgyHkuug, koamo e 8 ocHoBama Ha
MUKpPO- U makpocbgoBume ycaoxkHeHua. OkcugamuB-
Huam cmpec yBeauvaBa cunmesa Ha yucmamut C, ¢
Koemo ce gokazBa Bpb3zkama Ha uucmamun C ¢ xpo-
HuyHomo Bb3nareHue u gonpuHaca 3a u3noa3Bae-
MO My Kamo mapkep 3a eHgomeAHa gucgpyHkuua (36,
40, 41). Mpe3 2010 2. B8 npoyuBanemo cu Surendar
u cbmp. nocouBam AuHelHama Bpb3ka mexgy noBu-
waBaHemo Ha HuBomo Ha cepymHua uucmamun C ¢
yBeauyaBaHe 6poa Ha komnoHeHmume Ha MC. Mpu
moBa Bceku omgeaeH komnoHeHm Ha MC HezaBucu-
MO ce acouuupa ¢ uucmamun C, nopagu Koemo modxe
ga cAyku kamo mapkep 3a MC u kamo npegukmop 3a
puck om cbpgeyuHo-cbgoBu uHUUgeHMuU.

KatouoB cpakmop 6 noaBama u pazBumuemo Ha
MC u npeguabem ce aBaBa yeHmpaaHOMO 3amMAbC-
maBaHe (42). AokazaHo e, ye uucmamuH C e macHo
cBbp3an ¢ BucueparHama macmua maca. [pe3 2012
2. Naour u cemp. u3zkazBam me3zama, ye HuBomo
Ha yucmamuH C ce noBuwaBa npu 3amabcmaBane,
HezaBucumo om cmenedma Ha (D, kKakmo u Npu u3-
KatouBaHe Ha nomeHuuaAHu npudvuHu 3a Bapuauun 6
HuBomMo My Kamo MIOMIOHONYWEHE, gucAUNUgEMUA
U apmepuaaHa xunepmonua. BucuepasHama macm-
Ha mbkaH npou3Bexkga uucmamux C, KOUMO MOXe
ga CAYXKU Kamo agunokuH U uma nomeHuuaa ga Bau-
ae Ha cbgoBama xomeocmasza upe3 uHxubupaHe Ha
KamencuHume, HO U ga uHgyuupa cBbp3aHu cbc
3amabcmaBaHemo ycaoXKHeHUn, Kamo amepoCKAepo-
3a (43). B yHucoH ¢ me3u gaHHU ca U pezyamamume
om npoyuBaHemo Ha Magnusson u cbmp., KOumo
nomBuprkgaBam cuaHama Bpb3zka Ha uucmamun C
¢ abgomuHaaHomMo 3amabcmaBaHe, umepeHo upes
obukoAka Ha maauama u VITM (39, 41). B nogkpena
Ha moBa ca u pezyamamume om npoyuBaHemo Ha
ToHz u comp., gokazBaw acouuayuama mexgy 6ana-
ma macmHa mbKaH Kamo eHgoKpuHeH opzaH u pa3Bu-
muemo Ha MUKPO- U MakpocbgoBu ycroxxHeHua (14).

Emo 3awo Ha npegeH naaH u3au3a BaxkHocmma
Ha guazHoCMuUYHama cmotHocm Ha uucmamut C npu
nauueHmu 666 BucokopuckoBama nonyaauua ¢ me-
maboaumeH cuHgpom u B yacmHocm ¢ npeguabem.
Tol e noae3eH mapkep, gaBaw, uHhopmauun He camo
3a pazBumuemo Ha paHHo 6bbpeuHo yBpexkgaHe, HO
U Kamo npegukmop 3a pazBumuemo Ha CbpgeUHO-Cb-
goBu 3aboaaBaHus.

HeympoduneH kenamuHasa-acoyuupaH
aunokanuH (NGAL)

HeympoduaHuam >keaamuHa3za-acouuupaH Au-
nokaauH (NGAL), nozHam kamo AunokaAauH-2, (25-
kDa) e maabk 2aukonpomeuH, koimo ce npousBexkga
om gucmaaHua HedppoH, kamo ce noBuwaba 8 omzo-
Bop Ha 6bOpeuHa yBpega (25). OnucaH e kamo Guo-
mapkep 3a ocmpo b6bbpeuHo yBpeskgare (OBY), mbl
kamo HuBama my ce noBuwaBam pazko npu mybyaHa
yBpega (44-46). NGAL mo>ke ga 6bge uzmepeH Kakmo
6 naazma uau cepym, maka u 6 ypuHa; ocBen moBa
npumexaBa gobpa cmabuaHocm U pezucmeHmHocm
KbM npomeasu, koemo 20 npaBu npegnodumax map-
kep 6 kauHuuHama npakmuka. NGAL ce gpuampupa
oM nAazmama u4pe3 2A0MepyAHa huampauun, caeg
Koemo ce peabcopbupa npe3 npokcumarmume my-
6yau. IMpu mybyaHa yBpega peabcopbuuama ce 3a-
mpygHaBa u HuBomo Ha NGAL 6 ypuHama ce no-
BuwaBa, kakmo u B8 cepyma nopagu uzyepnBaHe Ha
Kanauumema Ha mybyaapHua mparcnopm. 1o mo3u
mexaHu3bm NGAL e npegnoyumaH mapkep 3a ge-
mekyua Ha 6bOpeuHa yBpega owe npegu noaBama
Ha aAbymuHypua (53).

MHozo6poiHu  npoyuBaHua onucBam NGAL
Kamo no-HagexkgeH u gobbp mapkep 3a ocmpo 6b6-
peuHo yBpexkgaHe B cpaBHeHue ¢ mpaguuuoHHUME
MapKepu - CepymeH KpeamuHuH u ypea, mbl Kamo
maxHomo noBuwaBare ce 3a6aBa 86 Bpememo u 3a-
Bucu om mexxecmma Ha yBpegama (47, 48). B cpab-
HeHue ¢ npomekmuBHama my poaa npu OBY, NGAL
ce cyuma 3a npouHgAamamopeH U npoAuepamu-
BeH hakmop npu XpoHU4HO ObOpeuHo 3aboanBane,
Bogew, go npoepecua B GbOpeuHume HapyweHus
(49). AumepamypHu gaHHu nokazBam Bpb3kama Ha
AUnokaAuHn-2 ¢ AH, kamo HezoBomo noBuwaBaHe B
ypuHama npegwecmBa uzaBama Ha arGymuHypus
(50). B npoyuBaHemo cu Motawi u cemp. uzcaegBam
cepymtomo HuBo Ha NGAL npu nauyueHmu cbc 3A
mun 2, cbomBemHo ¢ u 6e3 mukpoaabymuHypus, pe-
3yamamume om koemo noka3Bam 3Hauumo no-Buco-
ko HUBo Ha NGAL 8 2pynama ¢ mukpoarbymuHypus,
Kakmo u kopeaauus ¢ Bb3pacmma u npogbAKUMEA-
Hocmma Ha 3aboaaBaHemo (51). Acouuauusama Ha
NGAL c aabymuHypuama ce goka3Ba u 8 uzcaegBane-
mo Ha DyabAllawi u comp., koumo cpaBraBam Auua c
aAbymuHypua u 3gpaBu KOHMPOAU, Kamo omuumam
3Hauumo noBuwaBare HuBomo Ha cepymHua NGAL
6 epynama c arbymuHypusa (52). Te3u gaHHu gaBam
ocHoBaHue ga ce mbpcu npuroxkeHue Ha NGAL u 6
npeguabemHama nonyaauus, 3acmpaweHa om pas-
Bumue Ha XB3.

10

EngokpuHonoausi Tom XXVIII N21/2023



CepymeH xomouucmeuH

Xomouucmeunbm (XLl) e capa-cbgbpykawa amu-
HOKUCEAUHA, KOAMOo e Npogykm om BbmpekrembuHua
memaboauzbm Ha memuoHuHa. B 3gpaBume kaemku
XxomouucmeuHbm 6bp30 ce memaboausupa no gBa oc-
HOBHU NbmA: pememuAupaHe go MEMUOHUH U mpaH-
ccyapopusauua - npeBpbware Ha xomouucmeuHa 6
gpyau gBe BarkHu amMUHOKUCEAUHU: UUCMEUH U may-
puH. 3a uzBvpwBaHemo Ha me3u npouecu ocHoBHa
poAa umam oaueBama kuceauHa u BumamuH B12
(54-56). Tezu cpakmopu mozam ga noBauasm HuBo-
mo Ha XLl 8 opeaHuzma - npu gedpuuum Ha gporamu,
Bumamun B6 u B12 ce 3ampygHaBa memaboau3ma Ha
xomouucmeuH u moBa gonpuHaca 3a noBuwabare Ha
HuBama my B kpbBma. Mopagu moBa ca npoBexxga-
HU pa3audHu npoyuBaHus, oueHaBawu BausHuemo Ha
cynaemeHmauuama ¢ BumamuHu om 2pyna B u coau-
eBa kuceauHa, koumo obauye He gaBam egHO3Ha4YHU U
ybegumeaHu pezyamamu 3a npeBaHmuBHama poaa
Ha cynaemermauusma Bbpxy pazBumuemo Ha Cbp-
geuHo-cbgoBu ycaoxkeHua (60). Owe 6 muHaromo
XunepxomouucmeuHemuama ce e cyumasa 3a puckot
dakmop 3a pazBumuemo Ha cbpgeuHo-cbgoBu 3abo-
AaBaHua ¢ paHHo pazBumue Ha 2eHepaau3zupaHa ame-
pockAaepo3a upes noHuxkaBaHe Ha HUBomo Ha a3omeH
okcug (NO), akmuBupare Ha PAAC u Ba3okoHcmpuk-
uuq, noBuweHa mpombouumua azpezauus, Bogewu go
okcugamuBeH cmpec u eHgomeAHa gucgpyHkmus.

B nocaregHume 2oguHu ce Habupam Bce noBe-
Yye gaHHu 3a Bpb3kama Ha xomouucmeuHa ¢ pa3Bu-
muemo u cmeneHma Ha 6bOpeuHo yBpexkgaHe npu
nauueHmu cwe 3A (57). B cpaBHeHue cbc cepymHun
KpeamuHUH U ypes, xomouyucmeurbm He ce Bauae 6
makaBa cmeneH om Bb3pacmma, noAa, HaAuMUEMO
Ha Bb3naaumeaHu npouecu B opzaHuzma, Koemo
20 npaBu HagexkgeH mapkep 3a paHHa gemekuus Ha
6bb6peurHa yBpega, owe npegu noBuwaBaHemo Ha
cmaHgapmHo ujcaegBaHume mapkepu 6 KAUHUYHamMa
npakmuka (57, 59). B nomBupxxgeHue Ha moBa e npo-
yuBaHemo Ha Bin Ye u comp., 8 koemo ca cpaBHeHu
nauueHmu cbe 3A mun 2 ¢ AH u makuBa 6e3 gaHHu 3a
yCAOXHeHUn, u ce goka3zBa Bpb3zkama Ha noBuweHua
XOoMouucmeuH ¢ Haauduemo Ha AH u HedHama me-
»ecm, u ce uzkazBa mBbpgeHuemo, ve cepymHuam
XOMOUUCMEUH MoXe ga ce u3znoazBa kamo mapkep 3a
paHHo omkpuBaHe Ha AH (56). B gpy2o npoyuBaHe
Wang u cmp. omkpuBam 3Hauuma Bpb3ka mexgy no-
BuweHume HuBa Ha xomouucmeuH U pegykuuama Ha
rd, kamo onpegeaam XL| kamo HezaBucum puckoB
dpakmop 3a pazBumue Ha AH (58). Te3u gaHHu gaBam
ocHoBaHue ga ce mbpcu eBeHmyaarHama Bpb3ka Ha
XL ¢ pazBumuemo Ha paHHU HapyweHua B 6b6peu-
Hama ¢oyHKUUA NpU AUuUa C HapyweHua B 2AI0KO03HUA
moAepatc.

E-kagxepun

E-kagxepuHbm (enumeaeH KagxepuH) e mpa-
cmembpaHeH eaukonpomeuH, kolimo ydyacmBa 6
MexXgykaembuHama agxe3ua u 8 noggbp>kaHemo Ha
UeAoCmma Ha enumeaAHume KAemKU, u ce Hamupa 6
2o0Aamo KoAaudecmBo B8 gucmaaHume mybyau (25, 61).
[MpomeHu B ekcnpecuama, pe2yrauuama uau oyHKUU-
ama Ha E-kagxepuna ce onucBam npu mMHO20 namo-
AO2UYHU Npouecu, npegumHo npu pazBumuemo Ha
pasAuuHU Heonaasuu (62). [Mpexogbm om enumeaHa
KbM ME3EHXUMHA MbKaH € eguH Oom mexaHu3zmume
3a pazBumue Ha AH, uzpazaBaw, ce 8 3azybama Ha
enumeAHU Mmapkepu, Kamo KagxepuHume, u yBeauva-
Bare Hpos Ha me3zeHXuMHUMeE mapkepu - BumeHmuH
u cpubpoHeKMUH, KAMO MO3U NPOUEC Ce CMumMyAupa
om mparcgopmupawua pacmeskeH gakmop bema
(TGF-B) (63-66). B npoyuBaremo cu El-Dawla u comp.
uzcaegBam HuBomo Ha E-kagxepuH npu auua ¢ AH ¢
HOPMO-, MUKPO- U MaKpOaAbyMuHypua U KOHMPOAHA
2pyna u omkpuBam 3HayumeaHa Bpb3ka mexgy Ha-
mareHuemo Ha E-kagxepuH u HUBomo Ha aAGYmuHy-
pus, Kamo Hal-HUCKU cmouHocmu ca ycmaHoBeHu
Nnpu Auuama c makpoarbymurypusa (67). OcBen moBa
ce omuuma HamaaeHue Ha HUBomo my owe B 2pyna-
ma ¢ HopmoaabymuHypusa, koemo gaBa ocHoBaHue ga
ce npueme E-kagxepuH Kamo mapkep 3a paHHO om-
kpuBaHe Ha 6b6peuHu HapyweHua. Apye u3zBog om
npoyuBaHemo e ycmaHoBeHama HezamuBHa Bpb3ka
mexgy E-kagxepuH u cepymHua KpeamuHUH U ypes,
NPUYUHEHU OM NPOUECUME Ha UCXemua U anonmo3sa,
npomuuawu no Bpeme Ha npoepecuama Ha AH u ge-
2pagauuama Ha kagxepuHume nog gedacmBuemo Ha
NPOMEeOAUMUYHU eH3umu (68, 69).

@emyuH-A

M®emyuH-A, uzBecmeH owe kamo alfa-2-Heremans
Schmid glycoprotein (46 kDa), ce npousBexxga ocHOB-
HO om uyepHua gpob u macmHama mbkaH. [eHbm 3a
MemyuH-A e rokaau3upaH 8 xpomozoma 3g27, Koamo
e onpegeAeHa Kamo nomeHuuaAeH Aokyc 3a 3A mun
2 u MC (70, 71). Togu xenamokuH yuyacmBa 6 peguua
MemaboAUMHU Npouecu - eHepa20pa3xog, KOHMPOA
Ha anemuma, peayAauuama Ha Kocmuua memabo-
AU3BM; cuuma ce 3a 6uomapkep Ha HeBpogeeeHepa-
muBHu 3aboanaBaHun, uHgykmop Ha uHcyauHoBama
pe3ucmeHmHocm, CbpgedyHo-cbgoB puck, eHgomea-
Ha gucyHKUUA U CYOKAUHUYHA amepockAaepo3a (72).
YcmanoBeHo e, ue MemyuH-A e UHXUBUMOP Ha UH-
CYAUH-peuenmopHama mupo3uHkuHa3za B8 uyepHua
gpob6, macmHama mbKaH U CKeAemHama Myckyaa-
mypa, koemo e cBbp3aHo ¢ nomuckaHe Ha aBmod-
ocgopuaauuama Ha mupo3uHkuHazama 6 uHcyau-
HoBua peuenmop u IRS1, Bogewo go uHcyauHoBa
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pezucmenmuocm (72, 77, 78). OcBen moBa, De-
myuH-A e cBbp3aH ¢ MHO20 memaboAumHuU napame-
MpUu, KAMO CMeNneH Ha 2AlK03eH moAepaHc, HUBo Ha
uupKyAupawu Aunugu, HUBo Ha Npo- U aHMUUHpAa-
MamopHU uyumokuHu (87). Om gpyza cmpara, De-
MUUH-A MO>KE ga HaMaAU eKcnpecuama Ha agunoHek-
muH, agunokuH ¢ npomuBoBb3narumenro geiicmBue
u uHcyauHoB ouyBecmBumen (79-81), kakmo u ga
noBuwu obpa3zyBaHemo Ha uH(PAAMAMOPHU UUMO-
kuHu - TNF-alpha u IL-6, om2oBopHu 3a cobnbmcmBa-
womo mMemaboAUMHUA CUHgPOM HUCKOCMeEeNneHHO
Bb3nareHue (79, 80). Kamo uepHogpobHa u3aBa Ha
MC, HeaakoxoaHama cmeamo3Ha 6oarecm (HACB) e
puckoB gpakmop 3a pazBumue Ha uHcyauHoBa pe3uc-
meHmHocm u 3A mun 2 u o6bpamHo. AaHHU coyam,
ye MacmHomo uvepHogpobHO HampynBaHe KopeAupa
¢ noBuweHu HuBa Ha MemyuH-A. Mpu moBa, moxxe ga
ce Cbgu 3a no-cuaHa Bpb3ka mexxgy MemyuH A u uH-
cyauHoBa pezucmeHmHocm npu nauuesmu ¢ HACBh
(82, 83). Apy2 u3pa3z Ha MC e 3amabcmaBanHemo,
ocobeHo om BucuepareH mun, npu KOemo ca ycma-
HoBeHu noBuweHu HuBa Ha MemyuH-A B cpaBHeHue
C AUUQ C HOPMaAHO meAecHO me2Ao, HezaBucumo om
2AI0KO3HUA moAepaHc (84-86).

Poarama Ha Demyun-A B8 namozeHe3zama Ha 3A
mun 2 Bce owe ocmaBa HeacHa. [pu Auua ¢ uzabeH
3A mun 2 ce ycmaHoBaBam noBuweHu HuBa Ha De-
myuH-A B8 cpaBHeHue cbc 3gpaBu KOHMpPOAU. AaHHU
coyam, Ye Auuama ¢ Hopmoaaukemua u yBeauuer Qe-
myuH-A umam no-Bucok puck 3a pazBumue Ha 3A mun
2 (73-76). B yHucoH ¢ moBa B8 npoyuBaremo cu Ix u
cbmp. cbobwabam, ye noBuweHume HuBa Ha Memy-
uH-A ca cBbp3aHu ¢ noBuweH puck 3a pazBumue Ha
3A; npu BmopuueH aHaAu3 npogbaxkaBa ga ce aco-
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U AUUA CbC CbpgedHo-cbgoBu 3aboraBaHun (86).
Apyz20 npoyuBaHe couu, ve >keHume C 2ecmayuo-
HeH guabem umam noBuweHu HuBa Ha MemyuH-A
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AeHu B cpaBHeHue ¢ me3u B8 KOHMPOAHa 2pyna Auua
u u3mbkBam Kamo NpPUYUHA HAAUYUEMO HA XPOHUYHO
Bv3naseHue. NMoBuweHume HuBa Ha npouHpAama-
mopHume uumokuHu (IL-18, IL-6, IL-Ta and TNF-a) Bo-
gam go nomuckaHe Ha cekpeuyuasma Ha MemyuH-A u
noHwkaBaHe Ha cepymHomo my HuBo (90-92). Bsemu
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uH-A u pazBumuemo Ha MUKpoCcbgoBu YcAo>KHEHUA
npu BucokopuckoBama 2pyna Auua ¢ npeguabem.

3akaloyeHue

Tol kamo 3axapHuam guabem e egHO om
HaU-paznpocmpaHeHume 3aboaaBaHun, e Heobxogu-
mo BvBexgaHemo 6 kauHuuHama npakmuka Ha HoBu
MapKepu € ueA paHHo omkpuBaHe Ha ycAoXKHeHUA My.
IMpunroxkeHuemo um npu BucokopuckoBama z2pyna
AUUA C Npeguabem MoXKe ga gonpuHece 3a paHHama
guazHo3a, npegomBpamaBaHe Ha paznpocmpaHeHue-
mo u 3abaBaHe Ha npozpecusama Ha Beue uzaBurama
ce Hepponamua.
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Pe3siome

lMpe3 nocaegHume gecemuAemua yecmomama
Ha 3amAbcmaBaHemo u memaboAumHua CUHGPOM
HapacmBa 3acmpawumeaHo ¢ pazmepume Ha 2A06an-
Ha enugemusn, koamo 3acaea Bcuuku Bb3zpacmoBu u
emHuvecku 2pynu. 3amabcmaBavemo, 3anouBawo
B8 gemcka Bb3pacm, noBuwaba 3HauumenHo Bepo-
amHocmma om no-paHHo pa3zBumue u nNo-Mexxko
npomuyaHe Ha WUpPOK cnekmbp om 3gpaBocroBHu
npobaemu, ycaoxxHeHus u 3aboaaBaHug, koumo Hama-
AaaBam npogbakumeaHocmma Ha xuBoma u Baowa-
Bam He2zoBomo kauecmBo. AeueHuemo my u3uckBa
MyAMugucyunAuHapeH nogxog, 8 koimo BaxkHa poaa
uma nogxogawa guema, ocuzypaBawa eceHuuaAHu-
me HympueHmu 3a pacmexx u pazBumue Ha geuama.

HuckoBbearexugpamuama (kemozeHHa) guema
ce u3znoa3Ba c ycnex Beue 100 20guHU B KAUHUYHa-
ma NpaKkmuka 3a AeYeHue Ha enuAencus u gpyau He-
BponroeuuHu 3a6oaaBaHun. Aobpe dopmyaupaHama
kemozeHHa guema noBauaBa 6arazonpuamHo ocHoB-
HUMe namozeHemuuHU HapyweHus, cBbp3zaHu cbe
3amabcmaBaHemo u memaboAumHuA CUHgPOM. TA Ha-
maraBa xpoHuuyHama XxunepuHcyauHemus, nogobpa-
Ba uHcyauHoBama uyBcmBumeaHocm, noHuxkaBa
BucuepaarHomo 3amabcmaBare, 6AazonpuamcmBa

Abstract

In recent decades, the incidence of obesity
and metabolic syndrome has risen alarmingly to
the proportions of a global epidemic affecting indi-
viduals of all ages and ethnic groups. Obesity start-
ing in childhood greatly increases the likelihood of
earlier development and a more severe course of a
wide range of health problems, complications and
diseases that reduce life expectancy and impair its
quality. Treatment requires a multidisciplinary ap-
proach, in which an important role is played by an
appropriate diet, providing the essential nutrients
for the growth and development of children.

A low-carbohydrate (ketogenic) diet has been
used successfully for 100 years in clinical practice
to treat epilepsy and other neurological disorders.
A well-formulated ketogenic diet favorably affects
the main pathogenetic disorders associated with
obesity and metabolic syndrome. It reduces chron-
ic hyperinsulinemia, improves insulinsensitivity,
lowers visceral obesity, favors the normalization
of arterial pressure in essential hypertension, de-
creased hepatic steatosis, lowers systemic inflam-
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HOPMaAU3UpPaHEMO Ha apmepuarHOMO HaAfeaHe npu
eceHyuaaHa xunepmoHus, Bogu go obpamHo pazBumue
Ha uepHogpobHama cmeamo3a, noHwkaBa cucmemHo-
mo Bb3nareHue u BaazonpuamcmBa nogobpeHuemo Ha
XOPMOHaAHUME HapywieHua npu oBapuasHa NoAUKUCMO3a.

KemozenHnama guema 6u mozaa ga 6bge yacm
om uaAoCmHua nogxog B AeveHuemo Ha 3amAbCcms-
BaHe u memaboaumeH cuHgpom B gemcka Bb3pacm,
HO ca Heobxogumu Gbgewu gbazocpouHu npoyuBa-
HuAa 3a ymouHaBaHe Ha kpumepuume 3a npaBuaHa
ceAekuus Ha nayueHmume, pazpabomBaxe Ha HacoKu
3a maxHomo npocaegaBaHe, uzyuaBarHe Ha Bb3mox-
HUMe cmpaHuYHU edpeKkmu, HayuHume 3a cnpaBane
¢ max u npomuBonokazaHuama 3a npuAo>keHuemo U.

KawoyoBu gymu:

mation and favors the improvement of hormonal
disorders in ovarian polycystosis.

A ketogenic diet could be part of the multidis-
ciplinary approach in the treatment of childhood
obesity and metabolic syndrome, but future long-
term studies are needed to specify the criteria for
proper patient selection, development of guide-
lines for their follow-up, studying the possible side
effects and clarifying the contraindications for its
application.

Key words:

3amabcmaBaHe npu geua, MemaboAUMEH CUHGPOM,
KemozeHHa guema, uHcyauHoBa uyBcmBumeaHocm,
eceHUuaAHa XunepmoHus, yepHogpobHa cmeamo3sa,
noAukucmo3zeH oBapuaseH cuHgpom

obesity in children, metabolic syndrome, ketogenic
diet, insulin sensitivity, essential hypertension, hepatic
steatosis, polycystic ovary syndrome

BvBegeHue

3amabcmaBaHemo e xpoHuuHo 3aboanBaHe, vua-
mo 4yecmoma npoepecuBHo HapacmBa npe3 nocaeg-
HUMe gecemuAemusn U noHacmoawem ce npeBpbuwa
B 2r06anHa enugemusn, 3acazawa Beuvku Bb3zpacmoBu
epynu, HezaBucumo om emHuveckama npuHagAex-
HOCM U CcouuaAHo-ukoHomuueckua cmamyc. Cnopeg
C30 cayuaume Ha 3amabcmaBaHe ca HapacHaAu mpu-
kpamHo om 1975 2. [Mpe3 2016 2. noBeue om 340 muau-
oHa geua Ha Bb3pacm 5-19 2oguHu ca buau ¢ HagHOp-
MEHO me2A0 UAU 3amAabemaBaHe. [MocaegHuMe gaHHU
om 2022 2. 3a EBpona couam, ye 3amabcmaBatemo
cpeg Bb3zpacmHomo HaceaeHue e 59% u 1 om 3 geua
cmpagam om mo3u npobaem (1). MexxgyHapogHama
degepauun no 3amabecmabBanHe npegBuykga, ue Gpoam
Ha 3amAbCmeAume geua we gocmuz2He 206 mMuAuoHa
npe3 2025 2. u 254 muauoHa npe3 2030 2. (2)

He no-maako mpeBoxxHu ca gaHHUMe u y Hac. 13-
cregBaHe om 2015 2. ycmaHoBaBa, yue yecmomama
Ha HagHOPMEHOMO mMe2A0 U 3amAbcmaBaHemo cpeg
O6bvA2apckume geua om 6-18 2. uma Bb3xogaw, xog
npe3 nocAegHUmMe Yemupu gecemuAemus, 3amAbC-
maBaremo 3anouBa Bvb8 Bce no-paHHa Bb3pacm u
gocmueza yecmoma om Hag 10% npu 7-2oguwHuUme
geua u om gBama noaa (3). MNpoyuBane om 2016 2.
HayvyeHuuu om 4 naoBguBceku yuuauwa omkpuBa Bu-
COK NpoUEHM Ha IHOWU C HAGHOPMEHO Me2Ao/

3amabecmaBare - 15,64% kamo momuyemama ca GuAu
gBykpamHO NO-CUAHO 3acezHamu Oom momuvemama (4).

M3Becmua e Bpb3ikama mexxgy 3amabcmaba-
Hemo, ocobeHo B abgomuHarHama obAaCmMm U 20AaM
6pol xpoHuuHu 3a6oanBaHua kamo 3axapeH guabem,
CbpgeuHo-cbgoBu, MYCKYAHO-CKEAEMHU, XPOHUYHU
6b6peyHU, NCUXUYHU U HAKOU MaAu2HeHu 3aboaaBa-
Hua, koumo noBauaBam HezamuBHo kauecmBomo Ha
»kuBom Ha 3aceaHamume uHguBugu u HamoBapBam
3HauumeAHo 3gpaBHama cucmema. Vima gaHHu, ye 3
om 4 geua cbc 3amabcmaBaHe Ha Bb3pacm 5-18 2o-
guHU UMam noHe eguH puckoB gpakmop 3a pazBumue
Ha cbpgeuHo-cbgoBu 3aboaaBaHua (5). OueHaBa ce,
ye puckbmM 3amAbCMAAOMO geme ga ce npeBbpHe
B8 3amabcmaa Bb3zpacmen HapacmBa om 25% npe-
gu 6 2oguwHa Bv3pacm go 75% no Bpeme Ha OHO-
wecmBomo (4). 3amabcmaBanemo 68 gemcka B6b3-
pacm noBuwaba 3HayumeaHo BepoamHocmma om
no-paHHo pazBumue u NO-MeXXKO npomuvaHe Ha wu-
pok cnekmbp om 3gpaBocaoBHu npobaemu, ycaox-
HeHua u 3a6oaaBaHun (6, 7), om Koumo Hal-yecmu ca:

AcoyuupaHume obukHoBeHo u ¢ uHcyauHoBa
pe3zucmeHmHocm:

> ApmepuaaHa xunepmoHua - nbpBuyHa uau m.
Hap.,eceHuuaAHa, XunepmoHusa

> MemaboAumeH cuHgpom U 3axapeH guabem
mun 2
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lNackaneBa, UBaHka H. u compygHuyu

> Aucaunugemus ¢ noBuweH kapguoBackyaapeH
puck

> HeaakoxoAHa uepHogpobHa cmeamo3a

> OBapuaaHa noaukucmosa

MHoeo gpyeu, 3acaeawju nodmu Bcudku opeaHu
u cucmemu:

D> Tacmpoe3oazuareH pedpAyKC - PoAa 3a pas-
Bumuemo my uma noBuweHomo uHMpaabgomuHaAHO
HaAnzaHe, cBbp3aHo ¢ 20AaMomMo KoAaudecmBo Bucue-
PaAHU Ma3HUHU.

> Xoaeaumuasa

> Acmma, o6cmpykmuBHa CbHHa anHes, Xuno-
BeHmuAayuoHEH CUHgPOM

> OpmoneguyHu - agoAecueHmHa enuu3UOAU-
3a, boaecm Ha Blount (tibia vara), naockocmbnue u gp.

> BbbpeuHu ycaoxkHeHuUa — cyuma ce, ve 8 gem-
cka Bv3zpacm 3amabcmaBaHemo e puckoB gakmop
3a XpOHU4HO 6bOpeuHo 3a6oanBaHe.

> MguonamuuHa uHMpakpaHuaAHa XxunepmeH-
3uUa - PAgKO, HO NOMEHUUAAHO ONACHO YCAOXKHEHUE,
Koemo moxe ga goBege go 3aeyba Ha 3peHue

> MuzpeHa u xpoHuuHo 2aaBoboaue

D> TMcuxoao2uuHU U CcouuaaHu npobaemu - ge-
npecuBHu cbcmoaHua, mpeBoxkHocm, 3azyba Ha
KOHMPOA Npu XpaHeHe, obcebeHocm om me2Aomo u
BbHWHUA Bug, gUCPYHKUUOHAAHU couuarHu Bpb3ku,
Hucko camouyBcmBue, akagemuuHu Heycnexu u gp.
npegcmabBaaBam He no-maako mpeBoxkHu npobaemu,
noBuwabawu pucka om xpaHumeAHu pazcmpotcmBa
U CyuyUgHU onumu.

>  KomnyacuBHo npeaxgaHe (Binge eating
disorder) e Hal-uecmo cpewaHomo xpaHUMeAHo pas-
cmpotcmBo npu geua cbc 3amabecmabane u moxe ga
ce npegxoxkga om Gyaumusa u HapyweHus, cBbp3aHu
¢ gedpuyum Ha BHUMaHuemo u xunepakmuBHocm.

COVID-19 naHgemusma be nopegHomo npegy-
npeXkgeHue 3a cepuo3HoCmMma U couyuaAHama 3Ha-
yumocm Ha 3amabcmaBaHemo u cBbp3aHume ¢ Hez2o
komopbugHocmu (8). MNMayueHmume ¢ me3u 3gpa-
BocroBHU npobaemu Gaxa cpeg Had-puckoBume 3a
me>xko npomuvawa COVID-19 uHgpekuun, HelHUMe
PaHHU U KbCHU YCAOXKHEHUS, Kakmo u Had-3acmpauwe-
Hume om AemaneH u3xog. CBemoBrHama pegepauua
no 3amabcmaBaHe noguepmaBa ,gpamamuuHama
KopeAauua” mexxgy cmbpmuocmma om COVID-19 u
HuBama Ha 3amabcmaBane 6 amaaca ,COVID-19 u
zamabcmaBare” om 2021 2. (9).

Aobpe uzBecmua e Bpb3zkama mexgy memabo-
aumHua cuHgpom (MC) u 3amabcmaBanemo. Tpu
nayueHmu cbC 3amabcmaBaHe yecmo ce omkpuBam
6eAre3u Ha uHcyauHoBa pezucmeHmHocm u memabo-
AUMHU HapyweHua, gopu u uzcaregBaHume nauueHmu
ga He nokpuBam Bcuuku Kpumepuu 3a memaboAume
cuHgpom. B npakmukama moBa e goBeao go BbuBex-
gaHemo Ha noHamuama ,memaboAumHo 3gpabu

3amabcmeAu” u ,memaboAumHo He3gpabu 3amabc
meau” (10, 11). Cuuma ce, ye moBa pa3zgereHue e
noae3Ho ocobeHo B8 gemckama Bb3pacm, 8 kKoamo
pa3zebpHam memaboAumeH CUHgPOM Ce guazHOCMU-
uupa no-pagko, HO cumnNmMomMuUMeE Ha HapyweHOo Me-
maboAumHo 3gpaBe npegckazBam noBuweH puck om
6bgewu XpoHuuHU 3aboaaBaHua u ycroxkHeHuA.

AeyeHue Ha 3amAabcmaBaHemo

AevyeHuemo Ha 3amabcmaBanemo 6 gemcka 663-
pacm BkarouBa myamugucuunauHapeH nogxog. Tepa-
neBmuyHume cmpameauu ce pajgeaam Ha 3 ocHoOB-
HU 2pynu (12) :

* Hedapmakoro2uuHo AeveHue

* (DapmMakoAO2UYHO AeveHue

* bapuampuyHa xupypaus

1. HegpapmakorozuyHomo Aeyenue e nobpBa
cmbnka 6 AedeHuemo Ha gemckomo 3amabcmaBaHe.
OcHoBHume ycuaua ca HacoudeHu Kbm obyueHue Ha
gememo u cemeticmBomo 8 nogxogawu npomeHu 6
HavyuHa Ha >kuBom u ocobeHo HauuHa Ha XxpaHeHe u
puzuueckama akmuBHocm. Bce owge AuncBa obwo-
npuem KoHceHcyc 3a Hal-npaBuAHo cmpykmypupaHa
guema, NOgXxogawa 3a geua ¢ HAGHOPMEHO Me2A0 U
3amabvcmaBane (13).

2. MapmakoroecuyHo AedeHue - cvbwecmByBam
gebamu u omHocHO u3znoa3BaHemo Ha megukameH-
mo3Ha mepanusa (14) npu 3amabcmaBare 8 gemcka
Bv3pacm, kamo HaggeaaBa mHeHuemo, ye makaBa
mpabBa ga ce 3anouBa camo B cayvall Ha Heycnex om
mogudpukauuume 6 guemama u HauuHa Ha >kuBom
(5). MegukameHmume, KOUMO HaMmupam NPUAO>KEHUE
npu geua cbc 3amabecmsaBate, ca:

e Orlistat - ogobpeH 3a ynompeba npu geua
cbe 3amabcmaBare Hag 12 2. Bv3pacm (15). Edpex-
mbm my 3a omcaabBare ce oueHaBa kKamo ckpomeH,
a npuembm My e cbnpoBogeH om gocma cmpaHu4Hu
epekmu Kamo guapus, KopemHu 6oAku, marabcopb-
Uua Ha eceHyUaAHU MaCMmHU KUCEAUHU U MaCmHO-pa3-
mBopumu BumamuHu, nopagu koemo ynompebama
my 6 gemcka Bb3pacm e oepaHuyeHa.

* Phentermine - CUMNaMUKOMUMEMUK, PAGKO
uznoa3BaH 3a KPaMKOCPOUHO AeUEeHUE Ha 3aMmAbCMA-
BaHe npu geua Hag 16 2oguHu (16)

* Liraglutide - GLP-1 peuenmopeH azoHucm -
HOB megukameHm, ogobper npe3 2020 2. 3a ynompe-
6a npu geua c ekcuecuBHo 3amabecmabBane (MTM>30
ke/m?) Ha Bb3zpacm >12 2oguHu. Aocma epekmuBeH
6 pegykuuama Ha mezapro npu Bb3pacmHu, mo3u me-
gukameHm Cbwo UMa CmpaHU4yHU edekmu Kamo
2acmpouHmecmuHaAHu, 6b6peyHu HapyweHun, puck
om 4epHOgpOOHU U >KAbYHU yBpexkgaHua, naHkpea-
mum, noBuweH puck om pa3Bumue Ha Mymopu Ha
wumoBugHama »aAe3a u naHkpeaca u gp. He ca
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gobpe npoyueHu u gbazocpodHume epekmu Bbpxy
3gpaBemo Ha ma3u epyna megukameHmu, KOemMo Ha-
Aaza BHumameaHomo um uznoa3BaHe 6 gemcka Bb3-
pacm (17). Mpobaem npu geuama ca u exxegHeBHUMe
UHXXEKUUOHHU anAukauuu.

* Metformin - ogobpeH 3a AedyeHue Ha geua >10
2. Bb3pacm cbe 3axapeH guabem mun 2, HO U3NOA3-
BaH u off-label 3a AeueHue Ha 3amabcmaBare. Ecpex-
muBeH B8 AeyeHuemo Ha HapyweHua B 2Al0K03Hama
obmsaHa (18), MemopmuHbM € nogxogaw, Npu nauu-
eHmu cbc 3amabcmaBaHe u memaboAumeH CUHgGPOM,
mbl kamo nogobpaBa uHcyauHoBama uyBcmOBu-
meAHocm, Ho e ycmaHoBeHo, ye ecpekmuBHocmma
My camo 3a omcaabBare e manka (19). AeueHuemo c
MEMEOPMUH CbWO UMAa CMpaHUYHU edhekmu Kamo
2acmpouHmMecmuHaAHU HapyweHua, maabcopbuun
Ha Bum. B12 u gp.

* CmamuHu (HMG-CoA pegykmazHu uHXubu-
mopu) - Hamupam npuAo>keHue 6 AeyeHuemo Ha
gucaunugemua npu geua >8 2. Bv3pacm ¢ mHoz20 Bu-
coku HuBa Ha LDL-C - Hag 4,9 mmol/Il. TaxHomo npu-
AOXeHue kpue puckoBe om He MaAKO CmpaHuYHU
epekmu Kamo cmomawHo-upeBHu pazcmpoicmBa,
2naBoboaue, caabocm, MyckyaHu 60AKU, pabgomMuoAu-
3a, namemoBu HapyweHua u gp. TaxHama ynompeba
mpa66a ga e owe no-BHumameaHa npu nybepmem-
HU Momuuema c o2aeg BepoamHocmma om eBenmy-
aAHa GpemeHHOCM U cbobpazeHa ¢ HoBume npeno-
pbKu 3a uznoa3zBaHemo Ha cmamuHu no Bpeme Ha
bpemeHHocm. (20)

3. bapuampuyHama xupypeua e nocAegHa
cmbnka B AeyeHuemo Ha 3amabcmaBaHemo u oco-
b6eHo B gemcka Bv3pacm e nokazaHa camo 6 cayvau
Ha 3HauyumeAHo 3amabcmaBaHe ¢ npugpyxkaBawu
KO-MOpPOUgHOCMU U KO2amo onumume 3a AedeHue C
npomaHa 6 guemama, HauuHa Ha >kuBom u meguka-
MeHMo3Hama mepanua He ca gaAau pe3yamam (21).
Bvnpeku ye GapuampuuHume mMemogu Ha AedeHue
Bogam go 3Hauuma pegykuyua Ha meaAo0 U nogobpa-
Bam kauecmBomo Ha >xuBom Ha nauueHmume, Xu-
pypaudHume npouegypu ca uHBazuBHu u Kpuam puck
om cepuo3HuU HenocpegcmBeHu ycAoXkHeHUa (UHek-
yuu, uznyckaHe Ha aHacmomo3ama, ypeBHa o6cmpyk-
uuAa U gp. U gbA20OCPOYHU NpobAemMU Kamo gecpuuum
Ha muamuH, Bumamun B12, xeaa3o, Bumamun D, Ha-
Aazawu goxkuBomua Hyxxga om cybecmumyuua ¢ Bu-
MamuHU U MUHEepaau.

HuckoBbaaexugpamHa (kemozeHHa)
guema npu 3amabcmsgBaHe u memabo-
AUMEH CUHGPOM

Aobpe popmyaupaHama kemozeHHa guema (KA)
noBauaBa 6razonpuamHo ocHoBHUME namozeHemuy-
HU HapyweHua, cBbp3aHu cbc 3amabcmaBaHemo u
memaboAumHuUA CUHgPOM upe3  oepaHuuabBaHe Ha
obwua BbaaexugpameH npuem, 2aukemudHua moBap

Ha XxpaHama u KoAudecmBomo Ha 3axapume, Cbgbp-
»Kawu hpykmosa, Kakmo u ¢ uaAocmHomo U BauaHue
Bbpxy obmaHama Ha BewecmBama u XopmoHaAHOMO
paBHoBecue. Peguua npoyuBaHua cBugemeacmBam
3a He(lHama edpekmuBHocm npu 3amabecmaBare (22-
25), gopu u K02amo He Ce HaAaza cepuo3Ha KaAopulHa
pecmpukuua u nhauueHmume ce cbBemBam ga agam
go 3acuwaHe. ToBa e om 3HavyeHue, ocobeHo 6 gem-
ckama Bb3pacm nopagu Hy>XkKgume om gocmamwbyHO
eceHuuaArHu BewecmBa (npomeuHu, He3ameHuMU
MaCMmHU KuceAuHu, BumamuHu, muHepaAau u gp.) 3a
HOpMaAHUA pacmex u pazBumue. B egHo npoyuBaHe
CbC 3amAbCcmeAu geua (26) ce cpaBraBam egpekmu-
me Ha KA u xunokaropulHa guema 8 npogbaxkeHue
Ha 6 meceua. [pynama nauueHmu Ha KA nocmueHa-
Aa He camo no-gobpu pe3yamamu B pegykuuama Ha
meaao u VITM, HO u nogobpeHue Ha mapkepume 3a
uHcyauHoBa pezucmeHmHocm. ABmopume 3akAtou-
Bam, ue KA moxe ga e npuaoxkuma u Ge3onacHa 3a
AeveHue Ha 3amabecmaBaHe 6 gemcka Bb3pacm.

KA e ocobero edpekmuBHa B reueHuemo Ha me-
maboAumHua CUHgPOM, MbU Kamo C MO3U Ha4YuUH Ha
XpaHeHe ce agpecupa OCHOBHOMO XOPMOHAAHO Ha-
pyweHue - xunepuHcyauHemuama. KA Ha npakmuka
Bogu go nogobpeHue Ha 20AaMa Yacm om CUMNMOo-
MUmMe U HapyweHuama npu MemaboAUmeH CUHGPOM.

1. KA HamaaaBa BucuepasHomo 3amabcmaBaHe
u nogobpaBa meaecHama komno3uuua (27). Kamo
no3umuBeH echekm ce omuuma 3ana3zBaHemo Ha ak-
muBHomo meaecHo meaao, koemo npaBu KA npuao-
>KUMa U Npu capkoneHu4yHo 3amabcmaBane (28).

2. KA e epekmuBHa 8 areueHuemo Ha eceHuuas-
Hama apmepuaaHa xunepmoHusa (AX), KOAMO CUAHO
ce acouyuupa ¢ memaboAaumHuAa CUHgPOM U € eguH om
Kpumepuume 3a guazHoCmuuupaHemo my.

HeguazHocmuuupatama uau HeagekBamuo mpe-
mupana AX, Bogewa Hauaromo cu 8 gemcka Bb3pacm
uma 3HayumeAaHo ompaxeHue Bbpxy HapacmBawama
yecmoma Ha cbpgeuHo-cbgoBume 3a6oraBaHua u mex-
Hume ycaoxkHeHua B 3para Bv3zpacm. M3uucanBa ce, ve
3a pazauka om muHaaua Bek, Kozamo npu geuama ca
npeobaagaBaau cayuaume Ha Bmopuuna AX, noHacmos-
wem npeBaaupawa e eceHuuarHama AX, ocobeHo cpeg
IOHOWUME, C NO-CUAHO 3acfieaHe Ha MbXKKUA NOA. Ta3u
meHgeHuua caegBa enugemuuHomo HapacmBaHe Ha
gemckomo 3amabcmsaBare 6 uaa cBam.

Bpb3kama mexxgy uHcyauHoBama pezucmeHm-
HOoCm, XunepuHcyAauHemuama u AX e gobpe uzBecm-

a (29). Cnopeg Hakou u3caegoBameau eceHuyuaAHa-
ma AX cama no cebe cu e UHCYAUHO-PE3UCMEHMHO
cbcmosaHue (30). NMauuenmume ¢ eceHuuaaHa AX
umam noBuweHu HuBa Ha UHCYAUH Ha 2AagHO U
nocmnpaHguaaHo. NogobHa acouuauua He ce OmKpu-
Ba npu nayueHmu ¢ BmopuunHa AX (31). Ekcnepumen-
maAHu npoyuBaHua ¢ ,eyeaukemudHa uHcyauHoBa
KAaMN-mexHuUKa” npu nayueHmu c eceHyuaaHa AX no-
kazBam cpegHo 40% HamareHa uHcyauHoBa uyBcm-
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BumeaHocm u npeobragaBawa nepudpepHa (ekcmpaxe-
namaaHa) uHcyauHoBa pesucmenmuocm (30, 31).

BvB ¢uzuoroeuuHu ycaoBua, UHCYAUHBM
npegu3zBukBa Bazoguramayua upe3z cmumyaupaHe
Ha cekpeuusama Ha azomeH okuc 68 cbgoBua eHgo-
mea (32). pu cbcmoaHue Ha UHCYauHoBa pe3uc-
MEeHMHOCM MOo3uU MexaHu3bm e HapyuweH. MHcyau-
HoBama pe3zucmeHmHocm gonpuHaca 3a noBuweHo
apMmepuaAHO HaAf2aHe U Ype3 owe HAKOAKO Mmexa-
Huzma kamo noBuwenHa akmuBHoCcm Ha MbKaHHUA
aHeuomeHs3uH Il u aagocmepon (33), noBuweHa ax-
muBHocm Ha cumnamukycoBama HepBHa cucmema
(34) u okcugamuBen cmpec (35). Hakou aBmopu
onpegeAam HapyweHusma Ha puHuUme mexaHu3mu
Ha gedcmBue Ha uHcyauHa Bbpxy cbgoBua eHgomea
Kamo ,eHgomeAHa uHcyauHoBa pe3zucmeHmHocm”
(36). MiHcyaunoBama pezucmenmuocm e cBbp3aHa
u ¢ noBuweHa peabcopbuua Ha Hampul B 6vLbpeu-
Hume MybYyAu U cMymeHama npecopHa Hampuype-
3a - MexaHu3Mmu, CbWwo gonpuHacawu 3a noBuweHo
apmepuaAHoO HaanzaHe (37).

MoBuweHu HuBa Ha NuUKOYHaMa KuceAuHa, BKkA.
u HuBa 66 Bucokume cmolHOCMU Ha HOPMaAHUA
guana3zoH ca MUNUYHU 3a geua C eceHuuaaHa AX u
3amabcmaBane. ToBa 2u omauuaBa om navueHmu c
,XunepmoHua Ha 6arama npecmuaka” uau BmopuuHa
AX (38). INpoyuBare npu geua Ha Bb3pacm om 6 go
18 2oguHu ycmaHoBaBa, ye HuBa Ha nukoyHama Ku-
ceAauHa Hag 327 umol/L ( >5,5 mg/dL) ce omkpuBam
npu 89% om geuama c nvpBuuHa AX, npu 30% om
geuama ¢ BmopuyuHa AX u npu 0% om geuama c ,Xu-
nepmoHua Ha 6arama npecmuaka” u 3gpaBume KoH-
mpoau (39). PaHgomuzupaHo npoyuBaHe npu geua c
nbpBuuHa AX U xunepypukemua gemoHCmpupa, 4e
mepanuama ¢ aronypuHoa Bogu go noHuxaBaxe He
Camo Ha NUKOYHAMa KUCEeAUHa, HO U Ha apmepuaAHo-
mo HannzaHe. (40)

MozumuBHusm edpekm Ha KA Bbpxy eceHuu-
aanHama AX npu geua cbc 3amabecmaBaHe u MC ce
obacHaBa ¢ noHuykaBane HuBama Ha uupkyAupawun
UHCYAUH U cBbp3aHua ¢ He2o HampuypudeH/ guype-
muueH edoekm, HamaAeHa cmumyaauua Ha cumnamu-
KkycoBama HepBHa cucmema u NOHUXXEH OKcugamu-
BeH cmpec. Llupkyaupawume kemoHu nogobpaBam
cuHme3ama Ha ajomeH okcug 8 cbgoBua eHgomen,
koemo baazonpuamcmBa Bazoguramauuama (41).

3. Cpeg Hat-o6cbxkgaHume u ocnopBaHu edek-
mu Ha KA e BAuaHuemo U Bbpxy AunugHume nokasza-
meau u 6bgewuna kapguoBackyrapeH puck. aBHume
onaceHuA €a, Ye CbC CbybP>KAHUEMO CU Ha 20AIMO
KoaudecmBo, ocobeHo Ha HacumeHu mazHuHu, KA
moxe B gbacocpoueH naaH ga 6aazonpuamcemBa pas-
Bumuemo Ha amepoCKAePOMUYHU NPOMEHU U Cbp-
geuHo-cbgoBu 3aboaaBaHus.

TunuuHume HapyweHua 6 AunugHume nokazame-
AU Npu 3amAbcmaBaHe u memaboAumeH CUHgPOM

obuyalHO ce xapakmepu3upam C m.Hap. ,AunNug-
Ha mpuaga” - 3aBuweHu MpuzAuluepugu, NOHUXKEH
HDL-C u npeBec Ha maakume no pazmep, nAbmuu LDL-
AunonpomeuHoBu yacmuuu. Kom me3u npomeHu ce
BrkarouBam owe 3aBuweru HuBa Ha apoB, noHuXkeHu
apoAT u npogbAKUMEAHA NOCMNpPaHguaAHa XunepAu-
nemus (42). Aokamo KA getdcmBumearo Bogu go no-
BuwabaHe HuBomo Ha obwua xonecmepoa u LDL-C,
mpaguuuoHHo cBbp3BaHu ¢ noBuweH puck om cbp-
gevHo-cbgoBu uHyugeHmu, cbBpemeHHu npoyuBaHua
nokazBam, ye 3HauumeaHomo BwvaaexugpamHo ozpa-
HuueHue npu KA npeguszBukBa npomeHu 8 uarocmuua
AUNUgHUA npochua, Koumo BcbuwHOCM ce acoyuupam
C NO-MaAbK puck om pazBumue Ha amepockaepo3a u
CbpgeuHo-cCbgoBu ycroxkHeHua (43).

Bauanuemo Ha KA 8bpxy AunugHume nokazame-
AU e cBbp3aHo c:

* [loHuwxeHue Ha mpuaauuepugume 6 pe3ya-
mam Ha HamaAeHa cuHmesa 8 yepHua gpob (43);

* MoBuweHue Ha HUBomo Ha HDL-C (44);

* [Mpomana B muna Ha LDL-AunonpomeuroBu-
me yacmuuyu C meHgeHuua Kbm npeobragaBaHe Ha
yacmuuume € No-20Aemu pazmepu (mun A), Koumo ca
no-cAabo amepoezeHHu (45);

* TloHuXeHO CbOMHOWeEHUe MmpuzAuuepugu/
HDL-C - nokazamea, yuumo Bucoku HuBa ce acouuu-
pam ¢ uHcyauHoBa pezucmenmuocm u Bucok puck
om cbpgeuHo-cbgoBu 3aboaaBaHua (46). Cnopeg
HAKou aBmopu cbomHoweHuemo mpuaauuepugu/
HDL-C >1,36 8 gemckama Bb3pacm e gopu no-pa-
HeH u yyBcmBumeneH mapkep 3a uHcyauHoBa pesuc-
meHmuocm om HOMA-IR (47);

* HamanaeHo cbomHoweHue apoB/apoAT, Koe-
mo ce cyuma 3a HezaBucum mapkep 3a uHCyauHoBa
peszucmernHocm (47). 3aBuwerume my HuBa Kope-
Aupam ¢ Bucok puck om cbpgeuHo-cCbgoBu 3a60Aa-
BaHua (48);

* TlpoyuBaHua Hamupam noBuweHo HuBo Ha
LDL-C u apoB npu maagu, 3gpaBu u ¢ HopmaaHo me-
2n0 uHguBugu, caegBawu cmpukmHa KA, 3a HAKOAKO
cegmuuu u npenopbuBam no-BHumameAHo npocae-
gaBaHe Ha makuBa nauyuenmu (49). Tyk mpabBa ga
ce cnomeHam u uHguBugume ¢ m.Hap. ,Lean Mass
Hyper-Responder” ¢peHomun, npu koumo KA 8ogu go
macuBHo noBuwenue Ha Bcuuku pakyuu Ha XOAec-
mepoAa NPU HOPMAAHU OCMaHaAU NOKa3ameAu 3a UH-
cyauHoBa pesucmeHmHocm u Kapguo-memaboaume
puck (50). Harazawomo ce mHeHue e, ue ca HeobXxo-
gumu NO-gbA2OCPOYUHU NpoyuBaHua cpeg me3u 2pynu
uHguBugu 3a oueHka Ha eBeHmyaaHu HebAaazonpuam-
HU nocaeguuu Bbpxy 3gpabemo.

4. KA HamaraBa cucmemHomo Bb3naseHue

Aobpe uzBecmHo e, ue BucuepaAHOMo 3amMAbC-
maBaHe u memaboAUMHUAM CUHGPOM Ce acouuupam
C HuckocmeneHHo cucmemHo Bb3nareHue, Koemo
uma poAa B8 namoeeHe3ama Ha cBbp3zaHume ¢ max
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XpOHUUHO-gezeHepamuBHu  3aboanBaHua U Ccobpgey-
HO-CbgoBu ycroxkHeHusn. CyBKAUHUYHOMO XPOHUYHO
cucmemHo Bb3nareHue ce cyuma 3a HezaBucum puckoB
dakmop B pazBumuemo Ha 3axapeH guabem mun 2.
EkcnepumeHmanHu u3caegBaHun u KAUHUYHU gaHHU no-
ka3zBam, ue npu Haaudue Ha 3amabcmaBaHe u 3axapeH
guabem, HuckocmeneHHomo Bb3naseHue ce pazBu-
Ba 2raBro 6 uHcyauHouyBecmBumeaHu mbKaHU Kamo
MacmHa MbKaH, MYCKyAu, YepeH gpob u naHkpeac (51).

IMokazameau 3a cucmemto Bb3naseHue ca pas-
AUYHU NPOUH(AAMamopHU uumokuHu kamo TNFa,
IL-6, IL-Tb, uHMepueAyrapHU agxe3uOHHU MOAEKUYAU U
gp. Ho B exegHeBHama npakmuka uHgopmamuBHa
cmoudHocm uma CRP, ocoberHo hsCRP (Bucokocneuu-
cpuyer CRP), cyuman 3a npoeHocmuyeH hakmop 3a
pa3zBumuemo Ha KopoHapHa 6oaecm Ha cbpuemo (52).

KA HamaraBa cucmemHomo Bb3naseHue upes
noHuwxeHue Ha HuBama Ha peguua npouHgAamamop-
HU UUMOKUHU, XEMOKUHU U agXe3UOHHU MOAEKUAU,
pegykuua Ha okcugamuBHua cmpec Ypes3 gupekmHo
BAauaHue Ha 6ema-OH-6ymupama Bbpxy NLRP3 un-
hAamazomHua Nbm 3a 2eHepupaHe Ha peakmuBHu
kucaopogHu BugoBe (ROS) (53).

5. KA nogo6paBa uncyaurHoBama uyBecmBumen-
HOCM Ha MAAOMO, KOEMO Ce gemoHcmpupa ¢ NOgo-
OpeHue Ha peguua hokazameau - uHgekcume HOMA-
IR, Quicki, Matsuda, cbomtroweHuemo TG/HDL-C u
agunoHekmuHa (13, 54)

6. KA 6AazonpuamcmBa obpamHo pa3Bumue Ha
yepHogpobHama cmeamo3a

HeaakoxoaHama yepHogpobHa cmeamos3a (NAF
LD) e Hal-uecmo cpew,aHomo XpoOHUYHO Npozpecupa-
wo yepHogpobHo 3a6oaaBaHe, cBbp3aro ¢ noBuweHa
akymyaauua Ha masHuHu 8 xenamouumume, Hapywe-
Hua B yepHogpobHUME hyHkuuu u Bb3zmorkHa eBo-
Atouusa Kbm pazBumuemo Ha cmeamo3eH xenamum,
YyepHOgpobOHA Uupo3a U uYepHOgPOOEH KapUUHOM.
Yecmomama Ha NAFLD HapacmBa u 68 gemckama
nonyaauus, ocobeHo cpeg geuama CbC 3amAbCMA-
BaHe u ce omkpuBa B8 Bcuuku Bb3zpacmu, BKA. u
Npu Kbpmavema Ha malku C 2ecmavuoHeH guabem
(55). NamozeHezama Ha NAFLD e myamudpakmopHa,
Ho BaxkHa emuoAO2uYHa poAaa umam uHcyauHoBama
pe3ucmeHmMHOCM u XpoHuuHo 3aBuweHume uHcyau-
HoBu HuBa (56), koemo obacHaBa HapacmBawama
yecmoma Ha NAFLD, ycnopegHo ¢ HapacmBawama
enugemus om memaboAumeH CUHgPOM U 3axapeH gu-
abem mun 2. MexxgyHapogeH koHceHcyc om 2020 e.
npuema Kamo no-nogxogawo HaumeHoBaHuemo ,uep-
HogpoOHa cmeamo3a, acouuupaHa ¢ memaboaumHa
gucpyHkuua” (MAFLD) (57).

Bounpeku, ue NAFLD Bce owge He e cpeg ouuyu-
aAHUME gua2HOCMUYHU Kpumepuu 3a memaboaumeH
CUHgpOM, acouuauuama U ¢ me3u XOPMOHAAHU Hapy-
weHua e 6bezcnopHa u Ma ce cyuma 3a YyepHogpobHa
MaHugecmayua Ha memaboAUMEH CUHGPOM.

XunepuHcyAuHu3mMbmM cmumyaupa pazBumuemo Ha
NAFLD kamo 3HadumeaHo noBuwaBa yepHogpobHa-
ma de Novo Aunoz2eHe3a Npu KOHCYMauua Ha 20AAMO
kKoAaudecmBo 6bp30 ycBoumu npocmu Bbvaaexugpa-
mu (0cobeHo 3axapu CbC 3HaYUMEAHO KoAudecmBo
ppykmosa), a uHcyauHoBama pezucmeHmuocm 6
nepugepHume mukaHu Bb3npenamcmBa uHxubupa-
wua ecpekm Ha uHcyauHa Bbpxy AunoAuzama, Koemo
Bogu go npogbakumeaHo noBuwenu HuBa Ha yupKy-
Aupawume c8o6ogHUMeE MacmHU KUCEAUHU.

CowecmBeHo 3HaueHue 3a pazBumuemo Ha vep-
HogpobHama uHcyauHoBa pe3ucmeHmHocm u xena-
mocmeamo3a hpe3 hocaegHume 2oguHu ce omgaba
u Ha cBpbxkoHcymauuama Ha gppykmosa (58), ocobe-
Ho B cbcmaBa Ha nogcragumeau kamo 3axap, Buco-
KO - (PPYKMO3EeH 3axapeH cupon, 3axapHu u3zgeAua u
2a3upaHu Hanumku. 3HaueHuemo Ha pykmo3ama 3a
pazBumue Ha yepHogpobHa cmeamo3sa ce cBbp3Ba ¢
Pa3AUYHU MEXaHU3Mu, Yacm om Koumo ca He3zaBucu-
mu om obwua karopueH BHOC U MeAecCHOMO me2Ao
(57). @pykmo3ama cmumyaupa AunozeHe3dama de
novo u vyepHogpobHomo Bb3znaseHue, npegu3BukBa
okcugamuBeH cmpec, KymyaupaHe Ha NYpPUHU U NO-
BuweHue Ha NUKOYHamMa KuceAuHa, noBuweH upeBeH
nepmeabuaumem c noBuweHo HUBO Ha YUpPKYAupawu
€HJOMOKCUHU - NPOMEHU, UMaw OMHOWEHUE KbMm
Ppykmo3zo-uHgyuupaHama xenamocmeamo3sa (55).

KAuHu4HU npoyuBaHua gemoHcmpupam edek-
muBrocmma Ha KA 6 6bp3omo noHuKeHue Ha UH-
mpaxenamaAHOMO AUNUGHO Cbgbp>KaHue, HaMaAeHa
CuHMe3a Ha mpuzAuuepugu u nogobpeHa YepHo-
gpobHa uHcyauHoBa uyBcmBumeaHocm upe3 mo-
gyaupaHe geicmBuemo Ha UHCYAUHA, 3HAYUMEAHO
OepaHuYeHama KoHCcymauua Ha 3axapu u opykmosa,
npomaHa 6 upeBHua mukpobuom ¢ noBuweHa cun-
me3a Ha ¢gporamu u gp. (56, 59). N3ka36a ce mHeHue,
ye epekmbm Ha KA 6 mpemupaHemo Ha NAFLD e
CbU3MEpUM C papmakoAo2UdHU uHmepBeHuuu u e
yMeCcmHo HelHOMO NPUAOXKeHUe ga ce 0bcbikga nNpu
makuBa nauueHmu (60).

7. KA nogobpaBa xopmoHaaHume u memabo-
AUMHU HapyweHua npu noAukucmo3seH oBapuaneH
cuHgpom (PCOS)

OBapuaaHama NOAUKUCMO3a € 4ecmo guazHo-
cmuuupaHo 3aboaaBaHe npu >xeHume 6 penpogyk-
muBHa Bb3pacm, cBbp3zaHo He camo ¢ npobaemu
C (pepmuAaumema, HO U C NOo-20AAMa Yecmoma Ha
genpecus, mpeBoykHocm, Hucko camouyBcmBue u
eMOUUOHaAHU pazcmpoldcmBa, koumo HapywaBam
kauecmBomo Ha >kuBoma Ha 3acezHamume maagu
»keHu. ToBa eHgokpuHHO 3aboaaBaHe, xapakmepu3u-
pawo ce ¢ MeHCMpyaAHU HapyweHua kamo Bmopuy-
Ha ameHopes, XxunepaHgpozeHemusn, aHoByramopHu
UuKAu, oBapuaaHu kucmu u gp. ce omkpuBa 2raBHo
NpuU nNauyueHmMKu C UHcyauHoBa pe3zucmeHmHocm,
3amabcmaBade u memaboaumeH cuHgpom. foaama
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yacm om 3acezHamume >keHu u geBolku umam Ha-
pPYWeH 2AI0KO3EH MOAEpPaHC U 3HAYUMeAeH puck om
6bgewo pazbumue Ha guabem mun 2 (61).
Ecpekmbm Ha KA npu maagu »keHu ¢ PCOS e onu-
caH B8 HakoAko npoyuBaHua (62,63), koumo omyumam

nogobpeHue NO OMHoOwWeHUe Ha Me2A0MO, UHCYAU-
HoBama uyBcmBumeanocm, cBobogHua mecmoc-
mepoH, cbomHoweHuemo LH/FSH, uHcyauHemuama
Ha 2AagHo (62). Cnopeg Hakou aBmopu KA moxe ga
O0bge UeHeH HegapmakoAo2UYEH MEMOJ Ha AedeHue

Ha 3aboAaBaHemo (64).

3akAaloyeHue

Aobpe popmyaupaHama KA 6u moz2aa ga 6bge yacm om MyaAmugucuunAUHapHUA NOGX0J 3a AeYeHUe U NPo-
purakmuka Ha obwecmBeHo 3HaYUMU XPOHUYHO Npozpecupawu 3aboaaBarua kamo 3amabecmaBare, memabo-
AUMEH CUHgPOM, 3axapeH guabem mun 2 u cBbp3aHume ¢ max MHO206POUHU YCAOXKHEHUA. 3a ycnewHomo U
npuaoxeHue B npakmukama ca Heobxogumu 6bgewu gbaeocpouHu npoyuBanHua 3a ymouHaBaHe Ha Kpumepu-
ume 3a npaBuaHa ceaekuua Ha NOgXogawu NavueHmu, pazpabomBaHe Ha HacOKU 3a maxHomMo npocaegaBaHe,
uzyvaBaHe Ha Bb3mOXKHUME cmpaHuyHU epekmu, HayuHume 3a cnpaBaHe ¢ max u npomuBonokazaHus 3a

npuAo>keHuemo U.
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Pe3siome

Llea: 3amabcmaBaHemo ce cBbp3Ba ¢ pazaudHu ycaoxHeHus, Ho He Bcudku obe3Hu uHguBugu ca uzno-
»keHu Ha egHakBo Bucok 3gpabBen puck. ObezHume navuueHmu ¢ memaboaumeH cuHgpom (metabolic syndrome,
MS) nokazBam 3HauumeaHo no-Bucoka cbpgeuHo-cbgoBa 3a6oreBaemocm om ,memaboaumHo 3gpaBume” na-
uueHmu cbc 3amabecmabBane (metabolic healthy obese, MHO). He e u3acHeHo gaau epynama ¢ MHO ce omau-
yaBa ¢ no-go6po kauecmBo Ha »xuBom (health-related quality of life, HRQoL) 8 cpaBHeHue ¢ nayueHmume ¢ MS.
3amoBa Hacmoawomo npoyuBaHe cu nocmaBa 3a uea ga uzcaegBa obwua HRQoL npu xxeHu ¢ MS u MHO,
kamo npoyuu Bb3moxkHomo BauaHUE U Ha HAKOU eHJOKPUHHU hakmopu.

Mamepuaau u memogu: O6wo 110 nayueHmku cbe 3amabecmaBane (75 ¢ MC u 35 ¢ MHO), kakmo u 30
3gpaBu >keHu nonbaHuxa BbnpocHuk SF36v2 HRQoL. N3caegBaHu 6axa aHmponomempuyHu, memaboAumHu u
XOPMOHAAHU XapakmepucmuKku npu navueHmkume. baxa cbbpaHu gonbAHUMEAHO gaHHU 32 cbnbmcmBawume
€HJOKPUHHU HapyuweHus.

Pezyamamu: Xenume ¢ MHO noka3axa 3Ha4umo NO-HUCHK 06w, puzuvecku komnoHeHm Ha HRQol 6
cpaBHeHue ¢ keHume ¢ HopmaaHo mezao (p<0,001), HO No-gobbP OM MO3uU Ha NaUUEHMKUME CbC 3aMABCMA-
Bare u MS (p=0,022). Haauduemo Ha noaukucmo3eH oBapuaaeH cuHgpom He bewe cBbp3aHO C gONBAHUMEAHO
BrowaBane Ha HRQoL npu »keHume cbe 3amabecmabBane. MoBuwenHuam HOMA-IR 6ewe cBbp3aH ¢ no-Hucka
»kuzHeHocm (p=0,025), gokamo noBuweHume HuBa Ha cBobogeH kKopmu3oa B ypuHama npegnoaazaxa no-Aow
pe3yamam no omHoweHue obwua uzudecku komnoHeHm (p=0,004) cpeg >xeHume cbC 3amabcmabaHe.

3akarveHua: 3amabecmaBaHemo moxke ga Baowu uzudeckomo u ncuxuveckomo 6Aa20CbCcmonHUEe Ha
»keHume, He3aBucumo om Haauduemo Ha memaboAumHu HapyweHua. PazBumuemo Ha memaboAumeH CUHg-
pom, obaue, HamaraBa gonbAHUMEAHO pu3zuveckume pe3zyamamu Ha HRQoL. BauaHuemo Ha cekpeuusma Ha
kopmu3zoa Bbpxy HRQoL npu 3amabecmaBaHe ce Hy>xxgae om gonbaHUMEAHU u3caegBaHus.

KaroyoBu gymu: HRQol, 3amabecmaBare, memaboaumeH cuHgpom, NMKOC, kopmu3oa.
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Pob6eBa, Paauya H. u compygHuyu

BvBegeHue

3amabcmaBanHemo e xpoHuuHo 3aboaaBate,
koemo ce cBbp3zBa cbc 3HauumeaHo noBuweHa 3a-
6oreBaemocm U CMBLPMHOCM, NCUXOAO2UYECKU Ha-
pyweHua u couyuarHa cmuema (1). Hama comHeHue,
ye Hal-3acmpaweHama epyna 8 koHmekcma Ha gu-
3uyeckomo OAazocbecmonHue e cybnonyaauuama
om hauueHmu cbc 3amabcmaBaHe u npugpysxaBauy
memaboaumeH cuHgpom (MC). MC npegcmaBanBa
Komnaekc om puckoBu ¢pakmopu, kamo BucueparHo
3amabcmaBaHe, amepozeHHa gucAunugemus, apme-
puaAHa xunepmotus, noBuweHu HuBa Ha kpbBHama
3axap, npoBb3naaumeaHo, Kakmo u npompombomuu-
HO cbcmoaHue, koumo Bb3HukBam 3aegHo u Gaa-
2onpuamcmBam pazBumuemo Ha 3axapeH guabem
mun 2 u cbpgeuHo-cbgoBu 3a6oaaBanun (2). Bbnpeku
moBa, pazAaudHUME nayueHmMu cbe 3amabecmabaHe He
ca c ugeHmuuet puckoB npodgua. NMopagu moBa npe3
nocaegHume 2oguHu ce noaBu KoHuenuuama 3a m.
Hap. “memaboaumto 3gpabu, uHguBugu cbc 3amAbC-
maBane (MHO), koamo ce onumBa ga obacHu omHo-
CUMEAHO NO-HUCKUA CbpgeUHO-CbgoB puck npu HAKOU
nayueHmu C HagHOPMEHO Mme2A0 U 3amabcmaBaHe
6e3 conbmcmBawu memaboAumHu aHomaauu (3,4).

[lo-gobpomo memaboaumHo 3gpaBe npu uHgu-
Bugu ¢ MHO teHomun e cBbp3aHo € no-HUCKa Cbp-
geuHo-cbgoBa 3aboreBaemocm u cmbpmHOCM om
BcakakBu npuvuHU, HO HE eAUMUHUPA gpya2u YCAOXKHE-
Hug, cBbp3aHu cbe 3amabecmaBaHemo, BkaloHUMEAHO
NCUXOAO2UYECKUA CMpec U couuaaHama cmuamamu-
3auun (5). Tol Kamo meguuuHckume 2puxku mpabBa
ga uearam He camo yBeauuaBaHe npogbAKUMEAHOC-
mma Ha >kuBoma, Ho u nogobpaBaHe Ha HezoBomo
kauecmBo (6), om pewaBawo 3Ha4YeHue e ga ce ycma-
HoBu gaau MHO 2pynama ce omauyaBa ¢ HaucmuHa
no-go6po kayecmBo Ha >xuBom, cBbp3aHo cbe 3gpa-
Bemo (health-related quality of life, HRQol), cnpamo
nayueHmume ¢ memaboAumeH CUHgPOM U NOGOBHO
Ha moBa npu xopama ¢ HopmaaHO meaao. [poyuBa-
Huama, okycuparHu Bbpxy HRQoL npu nauuenmu-
me ¢ MC u 3amabcmaBare, gokaagBam npomubBo-
peuuBu pezyamamu 6 3aBucumocm om Bb3pacmma,
NoAa, KyaAmypama u emHudeckama npuHagae>kHocm
Ha yuacmHuuume (7). Peguua dpakmopu kamo obpa-
308aHue, goxog, cemelHO NOAOXKEHUE, hu3zudecka ak-
muBHocm, mapkepu Ha Bb3naseHue uau cbnbmemBa-
wu 3aboaaBaHua moxke ga noBauaam kauecmBomo Ha
>kuBom u ca nogpobHo uzcaegBaHu B8 ma3u Bpwb3ka
(8-12). ObpamHo BAauaHuemo Ha cbnbmcmBawume
€HJOKpPUHHU 3aboAaBaHua U XOPMOHAaAHU CMywie-
Hua Bbpxy uzuveckomo 3gpabe u uyBcmBomo 3a
6ArazocbemosaHue He e gobpe npoyveHo. C o2aeg Ha
moBa, Hacmoawomo npoyuBaHe uma 3a ueA ga u3-
caegBa HRQol npu >xeHu cbe 3amabecmaBare u

MHQO uau MC, kakmo u ga ougHU poAama Ha mema-
OOAUMHUME HapyweHUA U XOPMOHaAHUME hakmopu
3a BrowaBaHemo Ha pu3zu“ecKomo u NCUXU4eckomo
DAa20CbCcMoaHUE NPU NayueHmKume.

Mamepuaau u memogu

Yyacmuuyu

O6wo 140 xeHu (18-70 2oguHu) 6axa Bkaloue-
Hu 6 npoyuBaHemo. Cmo u gecem om max cmpagaxa
OMm HagHOPMEHO MeE2A0 UAU 3amabcmabBaHe, Kamo
me 6axa nogbpaHu cpeg nauueHmume Ha YCBAAE
,Akag. NB8. NenueB”. MNMoBog 3a mbpceHe Ha mequ-
UuHcka nomouw, bewe Haauduemo Ha 3amabcmabBa-
He, XunepmoHua, AUNUgHU Uu/uAu BbeaexugpamHu
aHomaauu. NauyueHmkume 6axa uzcaegBaru 6 Hacoka
MemaboAumeH CUHgPOM, Kamo obwo 75 nauueHmku
cmpagaxa om MC, gueHocmuuupaH cb2AacHO obwo-
npuemume kpumepuu (2). Om max 21 >keHu baxa
cbe 3axapeH guabem mun 2 (3A2). Apyaume Bkato-
yeHu 6 uzcaegBanemo 35 eHu CcbC 3amabcmaBaHe
He cmpagaxa om MC uau 3A2 u ce kKaacudpuyupaxa
kKamo ,memaboaumuo 3gpabu” (13). KoHmpoaHama
2pyna ce cbcmoewe om 30 3gpabu XKeHu ¢ HOpMaAHO
Me2A0 U CXOgeH COUUAAHO-UKOHOMUYECKU cmamyc,
HabpaHU cpeg MeguuUHCKU NepCcoHaA U cmygeHmu.
INpoyuBarHemo bGewe ogobpeHo om Komucua no
emuka Ha MeguuuHcku yHuBepcumem-Codpus, kKamo
Bcuuku BkAOUYEHU >KEHU gagoxa NUCMEHO UHOPMU-
paHo cbeaacue 3a yuacmue B uzcaegBaHemo.

TTpomokoa Ha uzcaegBanemo u oyeHka Ha
HRQolL

Mpu Bcuuku nauyueHmku 6Gaxa onpegeae-
HU pbcm, meaAo, 0OUKOAKA Ha maauama (waist
circumference, WC), apmepuaaHO HaAfcaHe, Kakmo
U cmeneH Ha Xup3ymu3bm (MogudpuuupaH pe3ya-
mam Ha Ferriman-Gallwey > 8). MlHgekcbm Ha me-
AecHa maca (MITM) 6ewe u3uucaeH no gobpe no3Ha-
mama opmyaa: ITM = meznro (ke)/BucouuHa (m)2
Kamezopuume Ha VITM 6Gaxa onpegeaeHu chopeg
cmaHgapmHume kKpumepuu 3a Bb3pacmHu om 64-
Aama paca (www.euro.who.int). Pecucmpupatu baxa
penpogykmuBrama ucmopua u npugpyxaBawume
3aboanBaHua Ha nayueHmMKumMe Kamo Hanpumep ab-
moumyHHo 3aboaaBare Ha wumoBugHama >xae3a,
CUHgPOM Ha NOAUKUCMO3HU AUYHUUU, CbpgeyuHo- U
MO3bYHO-CbgoBu 3a60A96aHuA.

MauueHmku ¢ mexku uHBaauguzupawu 3abo-
AaBaHus, HanpegHaAo 4epHOgpobHO uAu GbbOpeuHo
yBpexkgaHe, koeHUMuBHa gucyHKUUA U/UAU NCuXUa-
mpuyHU pazcmpotcmBa 6axa uzkAtoueHU om npoyy-
BaHemo. CucmemHama ynompeba Ha Kopmukocme-
pougu cbwo bewe uzkauBaw, kpumepud.

MauueHmkume npegocmabuxa kpbBHU Npobu 3a
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AabopamopeH aHaAu3, BkatouBawu uzmepBaHua Ha
KpbBHa 3axap Ha 2AagHO, KpeamuHuH, YepHOgPOOHU
eH3UMU U AunugeH npodua [obw, xoarecmepoa (Chol),
HDL-xornecmepoa (HDL-ch), LDL-xoaecmepoa (LDL-
ch), mpuaauuepugu (TG)]. MNMpu yuacmHuuku 6e3 3axa-
peH guabem Gewe npoBegeH opareH 2Al0KO30-MOAE-
paHmeH mecm cbC 75 2 2A0K03a, 3a ycmaroBaBane
Ha nomeHuuarHu BvbeaexugpamHu cmyweHua. Xomeo-
cmamuyeH mogea 3a oueHka Ha uHcyauHoBama pes-
ucmeHmuocm (HOMA-IR) bewe u3uucaeH Cb2racHO
ypaBHeHuemo: cepymeH UHCYAUH Ha 2AagHo (mU/
mL) X nAazmeHa 2A0Ko3a Ha 2aagHo (mmol/L) /22,5
(14). N3mepeHu Haxa cbwo HuBama Ha mupeougHus
cmumyaupaw, xopmoH (TSH) u cBob6ogHua kopmu3zoa
6 ypuHama (UFC) npu >keHume cbc 3amabcmaBane.

MemaboaumeH cuHgpom Npu NauueHmMKUMe Cbe
3amabcmaBaHe bewe guazHOCMUUUPaH NPU HaAuvue
Ha MpU OM cAegHUME Nem Kpumepua:

1) MoBuweHa obukoaka Ha maauama > 80 cm;

2) MoBuweHu mpuzauuepugu > 1,7 mmol/l uau
MEgUKaMeHmMO3HO AeveHue 3a noBuweHu mpuzauye-
pugu;

3) Hamaaen HDL-ch < 1,3 mmol/l uau megukameH-
MOo3HO AeyeHue 3a noHuxeH HDL-ch;

4) MoBuweHa 2a0k03a Ha 2AagHo > 5,6 mmol/I
UAU MegukameHMo3Ho AedveHue 3a noBuweHa 2Alo-
Ko3a;

5) CucmoaHo kpbBHO HaaazaHe > 130 mmHg u/
UAU guacmoAHo KpbBHO HaaazaHe > 85 mmHg u/uau
aHmuxunepmen3uBHa mepanus (2).

BuoxumuuHume napamempu Gaxa uzmepBaHu eH-
3umHo ¢ aBmomamuuen aHaauzamop (Cobas Mira Plus;
Hoffmann La Roche). HuBama Ha TSH u UFC 6axa on-
pegeaeHu upe3 IRMA u RIA kumoBe. MNpu Bcuuku na-
uueHmku ¢ noBuwenu HuBa Ha UFC bewe u3kaloueH
cuHgpom Ha Cushing upe3 coomBemHu mecmoBe.

KauecmBomo Ha »xuBom, cBbp3aHo cbe 3gpalbe-
mo (HRQol), 6ewe oueHeHo upe3 BaaugupaHa Bep-
cua Ha bbacapcku e3uk (SF-36v2). BuB BbnpocHuka
6axa BratoueHu 36 Bbnpoca, pazgeaeHu 6 ocem uzme-
peHua: cuzuyecko pyHkuyuoHupare (PF), oepaHuyeHus
Ha poAama nopagu gusuvecku 3gpaBocroBHu npobae-
mu (RP), meaecHa 6oaka (BP), obwo 3gpaBocroBHo
Bv3npuamue (GH), >kuzneHocm (VT), couuarHo PyHK-
uyuoHupaHe (SF), oepaHuyeHua nopagu emouuOHaAHU
3gpaBocroBHu npobaemu (RE) u ncuxuuHo 3gpaBe
(MH). ABa 0606weHu peyamama, 6azupaHu Ha ocem-
me nogckaau, Cbwo Baxa U3UUCAEHU Upe3 cohmyepa
PRO CoRE 1.3 (Optum Inc., Johnston, R.l., 2018, CALLL),
cbomBemHo obw, cuzuvecku komnoHeHm (PCS) u
06w, meHmaaeH komnoHerm (MCS) (13, 15, 16).

Cmamucmuyecku aHaAu3
baxa u3n0/\36aHu onucameAHa Cmamucmuka u
yecmomeH aHaAu3 3a oueHKka Ha gaHHume. Pe3yama-

mume 6axa npegcmaBeHu kamo cpegHa cmodHocmEc-
maHgapmHo omkaoHeHue (SD) [meguaHa] 3a Henpe-
KbCHamume npomeHAuBu uau kamo yecmoma (%) 3a
kayuecmBeHume nokazameau. Pazaukume mexxgy gbe
2pynu 6axa oueHeHu upe3 mecm Ha Mann-Whitney
cAeg npuAao>keHue mecma Ha Kolmogorov-Smirnov 3a
HOPMaAHOCM Ha paznpegeAaeHuemo. 3a mHoxxecmBo
cpaBHeHua Gewe uznoazBan mecm Ha Kruskal-Wallis.
Bb3moxxHume acouuauuu mexxkgy npomeHauBume
Oaxa u3caegBaHu upe3 gBycmpaHeH KopeAaauuoHeH
aHaau3 Ha Spearman. KamezopulUHume gaHHu 0axa
aHaAu3upaHu Ype3 x> mecm uAu Ype3 MouyHua mecm
Ha Fisher. HuBo Ha 3Hauumocm p<0,05 6ewe npuemo
3a cmamucmuyecku 3Ha4Yumo. AaHHume 6axa aHaAu-
3upaHu upe3 MedCalc Software for Windows, version
19,0 (MedCalc Software, Ostend, Belgium).

Pesayamamu

lpynama >keHu cbC 3amabcmaBaHe nokaza 3Ha-
yumeAHo no-Aow obw, Pu3UYecKU U NCUXUYecKu
komnoHeHmM Ha HRQolL 6 cpaBHeHue c >xeHume c
HopmaAaHo meaao (Tabauya 1). PCS (p<0,001), HO He
u MCS (p=0,197) bewe no-Bucok npu KOHMpoAuMmMe,
OMKOAKOMO npu memaboAaumHo 3gpaBume >keHu
cbe 3amabemabBane (MHO), Bbnpeku cxogHama 6b3-
pacm (p=0,295).

MemaboaumHo 3gpaBume >keHu CbC 3amAabCMA-
BaHe nokazaxa no-r0wa cmeneH Ha (PU3UYECKO (PYHK-
uuoHupaxe - PF (p<0,001), poaeBu oepaHuyeHua - RP
(p=0,032), meaecHa b6oaka - BP (p=0,004), obwo
3gpaBocroBHo Bb3znpuamue - GH (p<0,001) u >u3-
HeHocm - VT (p=0,009) B8 cpaBHeHue cbc crabume
»eHu. Benpeku moBa, MHO 2pynama noka3a 3Hayu-
meAHO no-gobbp PCS om >xeHume ¢ memaboAumeH
cuHgpom (Tabauya 2). Pazaukume 8 komnoHeHmume
Ha SF36 mexxgy nauueHmkume cbc 3A2 u MC u me3u
¢ MC, Ho 6e3 3A2 He gocmuzHaxa cmamucmuvecka
3Hayumocm (p>0,05 3a Bv3zpacm, TM, PF, RP, BP,
GH, VT, SF, RE, MH, PCS u MCS). Haauuuemo Ha Ha-
pyweHa 2AUKemMUA Ha 2AagHO, HApYWeH 2AI0KO3eH mo-
AepaHc, 3A2 uAu gucaunugemus per se He 6ewe cBop-
3aHO ¢ npomeHu B komnoHeHmume Ha SF 36 (p>0,05
3a Bcuyku), gokamo HaAudUemoO Ha XunepmoHun
bewe acouuupaHo CbC 3HaYUMEAHO HamaraBaHe Ha
PCS (p<0,001), Ho He u MCS (p=0,375). bpoam Ha MS
KOMNOHEHMUME NpU >KeHU CbC 3amAabcmaBaHe bewe
obpamHonponopuuoHaaeH Ha PF (r=-0,236, p=0,013)
u PCS (r=- 0,235, p=0,014). UI'TM u WC Ha >xeHume
cbc 3amabecmaBaHe He 6axa 3Havumo cBbp3aHu ¢ PCS
uau MCS, Bbnpeku ue kopeaupaxa obpamHo ¢ PF (r=
-0,277, p=0,003 3a UTM; r=- 0,259, p=0,006 3a WC),
uc VT (r=- 0,190, p=0,047 3a TM). Acouuauyuume-
mexXgy cmeneHma Ha 3amabcmaBare u HecamuBHu-
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Tabauya 1. HRQoL npu >eHu ¢ HagHOpPMeHO Me2Ao U 3amabcmaBaHe (UHgeke Ha meaecHa maca (MTM) 225)
u npu caabu xexu (MTM <25).

[Nokazameau: puzudecko pyHKyuoHupaHe (PF), oepaHuyeHua Ha poAama nopagu guzuydecku 3gpabocaoBHu npobremu (RP),
meaecHa boaka (BP), obwo 3gpaBocaoBro Bv3npuamue (GH), »xuzHeHocm (VT), coyuarHo ¢pyHKyuoHupaHe (SF), oepaHude-
HUA nopagu emouyuoHarHu 3gpaBocroBHu npobremu (RE), ncuxudHo 3gpaBe (MH), obw ¢puzuuecku komnornenm (PCS), obw
meHmaneH komnoHeHm (MCS). *- p<0,05.

CAabu xeHu XKeHu c HagHOpMeHO me2A0 u 3amAabcmabBane p

n 30 110

Bo3pacm 38.93+10.64 (37.50) 40.47+13.63 (38.00) 0.664
UTM* 20.67+1.95 (20.35) 37.07+8.33 (34.80) <0.001
PF* 96.00+8.03 (100.00) 70.20+24.45 (79.99) <0.001
RP* 88.33+18.33 (100.00) 69.37+27.44 (75.00) <0.001
BP* 81.37+23.74 (84.00) 59.64+25.28 (62.00) <0.001
GH* 78.70+14.82 (80.00) 51.07+19.00 (52.00) <0.001
VT* 65.42+17.50 (68.75) 48.07+22.09 (56.25) <0.001
SF 77.92+26.20 (87.50) 69.66+27.53 (75.00) 0.115
RE* 83.33+20.29 (83.33) 69.09+24.29 (66.67) 0.002
MH* 70.33+19.52 (75.00) 60.04+20.06 (60.00) 0.010
PCS* 57.2345.66 (58.21) 46.71+8.59 (48.70) <0.001
MCS* 47.13+11.09 (50.11) 43.28+10.66 (44.27) 0.039

Tabauya 2. HRQol npu memaboaumHo 3gpabu >kenu (MHO) u nayuermku ¢ memaboaumen cungpom. VITM-
UHgEeKC Ha meAecHa maca.

IMokazamenau: cpuzuyecko pyHkyuoHupaHe (PF), oepaHudyeHus Ha poaama nopagu gpusudecku 3gpaBocaoBHu npobremu (RP),
meaecHa boaka (BP), obwo 3gpaBocaoBHo Bv3npuamue (GH), »xuzHeHocm (VT), coyuarHo ¢pyHkyuoHupaHe (SF), oepaHuye-
HuAa nopagu emoyuoHaAHu 3gpaBocroBHu npobremu (RE), ncuxuyHo 3gpaBe (MH), obw; ¢puzudecku komnoHeHm (PCS), obwy
meHmaneH komnoHeHm (MCS). * p<0.05.

Mema6oaumHo 3gpabu xeHu XKeHu c MemaboAaumeH cuHgpom p
n 35 75
Bo3pacm* 35.88+10.60 (34.00) 42.61414.40 (42.00) 0.022
UTM* 32.9246.30 (32.56) 39.00+8.50 (36.44) <0.001
PF* 78.00+20.15 (85.00) 66.55+25.53 (75.00) 0.011
RP* 76.78+24.04 (81.25) 65.92+28.39 (75.00) 0.049
BP 66.54+24.02 (62.00) 56.43%25.36 (52.00) 0.061
GH 54.06+18.86 (57.00) 49.68+19.03 (50.00) 0.212
VT 52.14£19.70 (56.25) 46.17+23.00 (50.00) 0.216
SF* 77.86+23.89 (75.00) 65.83+28.42 (75.00) 0.036
RE 75.24+20.36 (75.00) 66.22+25.55 (66.67) 0.107
MH 64.43+15.28 (65.00) 58.00£21.73 (55.00) 0.158
PCS* 49.18+7.78 (51.80) 45.56%8.76 (47.84) 0.022
MCS 45.54+7.92 (44.81) 42.22+11.62 (42.62) 0.260
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me npomeHu Ha HRQoL ca noka3zaHu Ha Queypa 1.

Bv3pacmma 6ewe cBobp3zaHa obpamHonponop-
UUOHaAHO ¢ noBeyemo pu3zuyvecku KOMNOHEHMU Ha
SF 36, kamo Hanpumep ¢ PF (r=- 0,379, p<0,001), RP
(r=-0,318, p=0,001), BP (r=- 0,197, p=0,039) u obwus
PCS (r=-0,381, p<0,001), HO He u c 0bwua meHManeH
KomnoHeHm (p=0,267).

Haauyuemo Ha xup3ymu3om (21,8%), meH-
cmpyaAHu HapyweHusa (26,4%) UAU CUHgPOM Ha
noAukucmoszHume aduHuuu (14,5%) He Bausewe
3Hauumo Bbpxy HRQoL npu sxeHume 6 npemeHona-
y3a (p>0,05 3a Bcuuku). XeHume 68 nocmmeHona-
ysza (34% om uzcaegBaHume) nokazaxa 3Ha4umo
no-Hucka cmeneH Ha PF (60,67+£23,84 [65,01] cnpa-
Mo 74,82+23,57 [79,99], p=0,001), RP (61,15+28,53
[68,75] cnpamo 74,48+25,01[81,25], p=0,013) u PCS
(43,18+9,04 [44,10] cnpamo 48,54+7,87 [51,16],
p=0,001), Ho He u Ha MCS (p=0,112) B8 cpaBHeHue
¢ navuueHmkume B npemeHonay3arHua nepuog Bb-
npeku cxogHua VITM (p=0,908).

MMauueHmkume cbc cbnbmcmBawu Cbpgeu-
HO-CbgoBu uAu Mo3bUHO-cbgoBu 3a6oaaBanua (7,3%
om u3caegBaHume) Gaxa 3HayumeAHo no-Bv3zpacm-
HU om ocmaHaaume (56,25%£9,07 [57,00] cnpamo
39,23+13,17 [36,50] e2oguHu, p=0,001) u nokaza-
Xa 3HayumeaHo no-row PCS (41,39+6,43 [41,95]
cnpamo 47,12+8,62 [49,56], p=0,025), Ho He u MCS
(46,69+7,19 [46,64] cnpamo 43,01+10,86 [44,16],
p=0,420). HuBama Ha 2Al0K03a U UHCYAUH no Bpeme
Ha 2AOKO3HO 0bpemeHaBaHe He KopeAupaxa ¢ gomeu-
Hume Ha SF36 (p>0,05 3a Bcuuku). HOMA-IR Gewe
noroxkumeaHo cBuvp3aH ¢ UTM (r=0,431, p<0,001),
WC (r=0,529, p<0,001) u 6poa Ha MS KomnoHeHmMuU-
me (r=0,519, p<0,001), HO He u c Bb3pacmma uAu
HRQoL Ha nauuenmume (p>0,05). Bbnpeku moBa,
nauueHmkume ¢ HOMA-IR Hag 3.98 (meguaHa) no-
Kazaxa noHuxxeHa VT (43,75+21,90 [50,00] cnpamo
53,87+20,43 [56,25], p=0,025) 68 cpaBHeHue c >xeHu-
me ¢ no-Hucbk HOMA-IR.

Haauuuemo Ha aBmoumyHHO HapyweHue Ha
wumoBugHama >xae3a npu 34,5% om xeHume CbC
3amabcmaBade He Gewe cBbp3aHo C HapyweH
HRQolL (p>0,05 3a Bcuuku komnoHeHmu Ha SF36).
Haauduemo Ha cybBKAUHUYEH UAU MaHuecmet
xunomupeougu3bm He Gewe cBbp3aHo CbC 3HayU-
meaHu PCS uau MCS npomenu. HuBama Ha TSH He
KopeAupaxa ¢ komnoHeHmume Ha SF 36 (p>0,05 3a
Bcuuku), Bbnpeku Bpb3ikama Ha xopmoHa ¢ VTM
(r=0,273, p=0,004), 6poa Ha MS KomnoHeHmume
(r=0,193, p=0,046) u HOMA-IR (r=0,275, p=0,006).
EymupougHume nauueHmku ¢ TSH nog u Hag meguaHa-
ma (1,90 mIU/L) He noka3zaxa 3Ha4umMu pazAuku 6 kom-
noHeHmume Ha SF36 (p>0,05 3a Bcuuku).

HuBama Ha cBobogHua kopmu3oa 8 ypuHama
He 6axa cBvbp3aHu ¢ Bv3zpacmma uau MITM Ha nauu
eHmKume cbc 3amabcmabane (p>0,05). Te He Gaxa

cBbp3aHu cbwo ¢ PCS uau MCS komnoHeHmume
(p>0.05). Bbnpeku moBa, nayueHmKume ¢ NO-HUCKU
KoHueHmpauuu Ha UFC (nog meguaHama om 130
nmol/l) nokazaxa 3HauumeAaHo no-gobpa cmeneH
Ha u3zuvecko ¢yHKuuoHupaHe - PF (75,00£23,59
[85,00] cnpamo 65,68+24,03 [75,00], p=0,011), BP
(66,34£24,14 [72,00) | cnpamo 52,94£25,18 [51,00],
p=0,012) u PCS pe3yamamu (49,04+7,77 [50,47] cnpa-
Mo 44,52+8,92 [45,71], p=0,004) 8 cpaBHeHue c me3u
¢ no-Bucoku HuBa Ha UFC Bbnpeku cxogHama 6b3-
pacm u BMI (p>0,05).

ObcvikgaHe

Cnopeg Hacmoswume pe3yamamu 3amabCma-
BaHemo e cBbp3zaHO CbC 3HaUuUMeAHo HamaraBaHe
Ha HRQoL, kamo HapyweHusama 3acseam 6 no-2o-
AAMa CcmeneH (pu3uyeckus, OMKOAKOMO MeHMaAHUA
My KomnoHeHm. Te3u gaHHu ca B8 cbomBemcmBue ¢
pe3yamamume om noBeuemo HayuHu u3caegBaHus,
Koumo gokaagBam HamareHo kavecmBo Ha kuBom
npu 3amabcmaBaHe, 0cobeHo y >KeHckua noa (12,
17-19). Bce owe obaue He e acHO gaau noBuweHama
MacmHa mbkaH npako oepaHudvaBa HRQoL Ha nauu-
eHmume uau cmaBa Bbnpoc 3a edpekm om 3amAbC-
maBaHemo, onocpegcmBaH om cbnbmcmBawume
memaboAumHu uAu gpyau ycaoxxHeHua. Cnopeg Ha-
wume gaHHu >xeHume ¢ MHO noka3Bam 3HauumenaHo
NO-HUCBK pe3yamam Nno OMHOWeHUe Ha hu3zudecKus
komnoHeHm Ha HRQoL 8 cpaBheHue cbc caabume
>KEeHU, Makap u ¢ No-gobpu nokazameAu cnpamo nauu-
eHmKume cbc 3amabcmabaHe u memaboAumeH CUuHg-
pom. CaegoBamenHo, memaboaumHo 3gpaBume >keHu
CbC 3amabcmaBaHe moyke ga ce cuumam 3a MeXXguHHa
Kamezopus Ha ,He3gpabu” uHguBugu, mbl Kamo max-
HOMO u3uvecKo (PYHKUUOHUpPAHE, (Pu3zuyecKa pPoAQ,
meAecHa 60AKa, 0bwo Bb3npuamue 3a 3gpaBemo u
pe3yamamu 3a >KU3HeHOCm ca MHO20 NO-HUCKU Om
me3u Ha 3gpaBume >KeHu C HOPMAAHO Me2AO.

Te3u gaHHU NogKpenam KOHCMamauuume om
HAKOAKO npoyuBaHun, kKoumo nocmaBam akueHm
Bbpxy HapyweHomo kavecmBo Ha >xuBom npu me-
maboaumHo 3gpaBu nauueHmu cbc 3amabcmabBaHe
u nocmaBam nog Bbnpoc gocmambyHOMO hu3UYECKO,
NCUXUYECKO U COUuaAHO BAazonoAydue Ha me3u UH-
guBugu B koHmekcma Ha obwonpuemama geguHu-
uua 3a 3gpabe (13, 20 ,21). B Hawemo npoyuBaHe
navuueHmkume ¢ MC noka3zaxa no-Aowu pe3yamamu
NO OMHOWeHUEe Ha PU3UYECKOMO (PYHKUUOHUPAHE,
puzuyeckama poaa, COUUAAHOMO (PYHKUUOHUPAHE U
obwua huzuvecku KOMNOHEHM CNPAMO MemaboAum-
HO 3gpaBume >xeHu. MogobHu 3akAaoueHua npaBu
NPegxogHO 20AaMO 2epmaHcko npoyuBare (13), goka-
mo gpyau u3zcaegBaHua He Hamupam Bpb3ka mexgy
memaboAumHua cuHgpom u HRQoL npu navuuenmu-
me cbc 3amabcmaBane (8, 11). MiHmepecHo e, ve
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@uaypa 1. SF36 ocHoBHU buzuvecku (a) u meHmaaHu (b) gomelHu Npu GOAHU € pa3AuYHa CMeneH Ha
3amabcmaBane (p>0.05).

IMokazameau: cpuzudecko pyHkyuoHupaHe (PF), oepaHudeHus Ha porama nopagu cpusudecku 3gpaBocaoBHu npobremu (RP),
meaecHa boaka (BP), obwo 3gpaBocroBro Bv3znpuamue (GH), »xuzHeHocm (VT), coyuarHo pyHkyuoHupaHe (SF), oepaHude-
HuA nopagu emoyuoHarHu 3gpaBocaroBHu npobremu (RE), ncuxuuHo 3gpaBe (MH), obw; ¢puzudecku komnoHeHm (PCS), obwy
meHmaneH komnoHeHm (MCS).
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egHO om Hal-2onemume npoyuBaHug, npoBegeHo
B8 obwama HugepaaHgcka nonyaauus, cbobwaba
3a yBpexkgaHe kakmo Ha pu3uyeckume, maka u Ha
ncuxuvyeckume gemepmuHaHmu Ha HRQol, kamo
o6wo 3gpabe, >kuzHeHOCM, COUUAAHO (PYHKUUOHUPA-
HEe U eMOUUOHaAHa poAa npu nauueHmume ¢ MC u
3amabcmaBare 6 cpaBHeHue ¢ >keHume C u3oAupa-
HO 3amAbcmabBaHe gopu caeg Kopekuua 3a Bb3pacm,
UHgeKC Ha meAecHa maca u Haaudue Ha npugpyskaBa-
wu 3aboaaBaHun (10). HecbomBemcmBuama mexxgy
npoyuyBaHuama mozam ga ce gbAxkam Ha pazAudHuUMme
npuAazaHu Kpumepuu 3a BkaouBaHe u uzkalouBane,
pazAudHUMeE geuHUUUU Ha memaboAumeH CUHg-
poM, pazaudHama cmpykmypa Ha cbhbmcecmBawume
3aboaaBaHug, KakKmo U pazAudHUME COUUAAHO-UKO-
Homuvecku ycaroBua u kyamypHu ocobeHocmu 8 om-
geaHume cmpaHu. HezaBucumo om moBa, Hawume
pe3yamamu nogkpenam xunomes3ama, ye npu >KeHu-
me 3amabcmaBaHemo moxe ga noBause HRQol He
CaMo gupekmHo, Ho u KocBeHo upe3 conbmemBawu-
me memaboAumHu ycaoxkHeHusa (12).

Bpb3ikama mexgy HRQoL u memaboaumHus
CUHgpOM MOXe ga Gbge MogyAaupaHa om pa3AuYHU
hakmopu, BKAIOUUMEAHO NCUXOAO2UYECKU CMyuie-
HUQ, COUUAAHU NPOMEHU, XpOHUYEH cmpec, Kakmo u
UMUYHOAO2UYHU npomeHu (8, 10). Poaama Ha xopmo-
HaAHUMeEe NPOMeHU U cbnbmemBawume eHgoOKPUHHU
3aboaaBaHua obaue pagko e pazerexkgaHa B cvBpe-
MEeHHama HayuHa Aumepamypa. [lepumeHonay3as-
Hume npomeHu 6 eHgokpuHHama cpega mozam ga
nomeHyupam pa3zBumuemo Ha BucueparHoO 3amAbC-
maBaHe u memaboAumHu aHomaauu (22). MeHonay-
3ama moxke ga noBause HebrazonpuamHo HRQol
(23,24), HO cneuuguUYHUME NPOMEHU NPU XKEHU CbC
3amabcmaBaHe He ca HaNbAHO u3acHeHu. B Hawemo
npoyuBaHe 3amabcmeaume xxeHu 6 nocmmeHonay3a
noka3zBam 3HaYUMeEAHO nNo-AO0W PU3UYECKU KOMNO-
HeHm Ha HRQoL 6 cpaBHeHue ¢ npemeHonay3aAHu-
me >keHu. ObpamHo, Laferrére et al. He omkpuBam
nogobHU pa3zAudua cpeg >keHu om Garama paca Cbe
3amabcmaBaHe npegu u caeg meHonayzama (25). To-
Aamo npoyuBane 6 TexepaH 3akatouaBa, ye keHume
6 nocmmeHonay3a nokazB8am no-Aowu cpegHuU pe3ya-
mamu 6 noumu Bcuuku obaacmu Ha SF36 6 cpabHe-
Hue c >keHume B npemeHonay3a, Ho Bbnpeku moBa
BAuaHuemo Ha memaboaumHua cuHgpom Bbpxy
HRQoL e no-u3zpazeHo npu >xxeHume 8 penpogykmuB-
Ha Bb3pacm (26). Heobxogumu ca gonbAHUMEAHU NPO-
yuBaHus, 3a ga ce ycmaroBu BauaHuemo Ha 3amAbC-
maBanemo u memaboaumHua cuHgpom Bbpxy HRQoL
6 pazaudHu nepuogu om >kuBoma Ha keHume.

foAama yacm om 3amAabCcmeAume >KeHu cmpa-
gam om noAukucmo3eH oBapuaaen cungpom (PCOS)
u HeeoBume cneyuuUHU Xapakmepucmuku u yc-
AOXHeHUa (Hanpumep xup3ymu3bm u 6e3naogue),
KOUMO MO>€e ga Npu4YuHAM 3HaYumeAHo HamaaaBaHe

Ha HRQoL (27). Om gpyea cmpaHa HaAuduemo Ha
3amabcmaBaHe camo no cebe cu mMoxXe ga Hapywu
puzudeckomo 6Aa20CbCMOAHUE Ha hauueHmKume ¢
PCOS (27). C oaaeg Ha moBa e BaxHo ga ce pazbepe
KakBa e Bpb3zkama mexxgy cuHgpoma u kauecmBomo
Ha >kuBom npu 3amaAbcmeau >keHu 8 npemeHonaysa.
YuygBawp, cnopeg Hawume gaHHU HaAu4YuUEMo Ha
PCOS, xup3ymu3bm U MeHCmMpyaAHU HapyuweHua He
Bogu go 3Hauumo HamaaaBaHe Ha HRQol 6 cvwama
epyna. CaegoBamearo 3amabcmaBaHemo moxe ga
6bge pakmop, cpaBrHum ¢ PCOS no omHoweHue Bao-
waBaHemo Ha obwomo 3gpaBocroBHo Bb3npuamue
Nnpu >keHume cbc 3amabcmaBane (28), HO ca Heobxo-
gumu no-20Aemu npoyuBaHus, 3a ga ce pazkpue HanbA-
Ho BauaHuemo Ha PCOS Bbpxy HRQoL npu >keHu ¢
pa3AUYHU KOMNOHEHMU Ha MemaboAuMHUA CUHGPOM.

TupeougHama yHKUUA MOgUyAUpa CKOpocmma
Ha memaboau3zma u cbomBemHo - mearecHOmMo me-
2A0, hopagu koemo gopu Aekomo noBuwaBaHe Ha
HuBama Ha TSH moxke ga goBege go 3HauumeaHu
pazauku 8 meaecHomo meaao (29). Cnopeg Hawume
pe3yamamu, HuBama Ha TSH ca 3Hauumo cBbp3aHu
¢ ITM u xomnoHeHmume Ha MS, kakmo u 8 gpyau
npoyuBanua (29,30). Bbnpeku moBa cybkauHUYHUAM
xunomupeougu3ibm He Bogu go npomeru 6 PCS uau
MCS. CneuucuuHume BbaaexugpamHu HapyweHus,
Kakmo u HuBama Ha UHCYAUH Cbwo He ca cBbp3aHu
CbC 3Havumo noHwkeHue Ha HRQoL npu uzcaegBa-
Hume ob6e3Hu »eHu. Bbnpeku moBa, nayueHmkume ¢
no-Bucoku cmotHocmu Ha HOMA-IR, npegnoaAazawu
no-u3pazeHa UHcyauHoBa pezucmeHmMHoCm, nokas-
Bam HamaaeHa >KuzHeHOCM. AHaAO2UYHO, gaHHUMe
om Hertfordshire Cohort Study nokazBam, ue noBu-
weHume cmouHocmu Ha HOMA-IR ca cBbp3aHu ¢
HamaAeHa >KU3HeHoCm, PU3UYeCcKOo (PYHKUUOHUPaHe
u obwu 3gpaBHu pesyamamu (31).

Bvnpexku HegBycmucaeHama Bpb3ka mexgy en-
gO2€eHHUA XUunepkopmuuyu3bm U memaboAumHume Ha-
pyweHun, poAama Ha Kopmu3oaa npu 3amabecmaBaHe
u memaboaumeH cuHgpom Bce owe e cnopHa. lNMpu
>KeHU cbc 3amabecmaBade ca HabAalogaBaHu noBuwe-
HU, HOPMAAHU UAU NOHUXKeHU HUBa Ha Kopmu30A, Kou-
mo moxe ga 6bgam cBbp3aHu uau He ¢ pazBumuemo
Ha mMemaboAUMHU aHOMaAuu cnopeg pa3AudHUMe
npoyuBanua (32-36). OcBen moBa, He e acHO, gaAu
cmouHocmume Ha kopmu3oaa Bausam Bbpxy HRQol
Ha nauueHMumMe cbc 3amabcmaBaHe. Hawume pe3ya-
mamu noka3Bam, ye HuBama Ha cBo6ogHua Kopmu-
30A 6 ypuHama He ca 3Ha4umo cBobp3arHu ¢ TM uau
Bv3pacmma. Bbnpeku moBa, xeHume CcbC 3aMAbC-
maBaHe u omHocumeaHo no-Bucoku HuBa Ha UFC
noka3zBam HamareHu cpuzudecku HRQoL pe3zyama-
mu B cpaBHeHue ¢ me3u C NO-HUCKU KOHUgHMpa-
uuu Ha UFC, kamo pu3zudeckomo (pyHKUUuoHUpaHe
u meaecHama 6oaka ca Hal-3acezHamu. Tbld Kamo
pa3zAukume He mo2am ga pazkpuam NPUYUHHO-
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caegcmBeHa Bpb3ka, He e Bb3MOXKHO ga ce oueHu
gaau noBuweHama meaecHa 6OAKa e npuyuHa 3a
no-Bucokama cekpeuun Ha UFC. AkmuBupaHemo Ha
Xunomaaamyc-xunogu3a-HagbbbpeyHama oc e Hop-
mareH xomeocmamuueH omzoBop Ha ocmpa 60Aka,
goKamo XpPOHUYHOMO CMpagaHue MoXe ga oKaxe
pazAuvHu ecpekmu Bbpxy cekpeuusma Ha Kopmu-
304 (37). Apyau pakmopu kamo Hanpumep noBuwe-
Hama BucueparHa MacmHa mMbKaH CbWO MOXe ga
ce cBbpkam ¢ omHOCUMEAEH XUNepKopmMuuu3bm
u cbomBemHo ¢ HapyweHo pu3u4ecko HAa2oCHC-
moaHue. AHaro2u4HO, no-Bucokuam gHeBeH npuem
Ha Xugpokopmu3oH HamaAaBa cpu3zuveckua Komno-
HeHm Ha HRQoL npu nauyueHmku ¢ HagbbOpeuHa
HegocmambuHocm (38). Obpamto, Ragnarsson et
al. coobwaBam 3a nogobper HRQol npu no-Bv3pacm-
HU nayueHmu ¢ HuBa Ha UFC B 2opHua puzuoro2uveH
guana3oH (39). Heobxogumu ca gonbAHUMEAHU NPOYY-
BaHun, koumo ga uzacHam Bpb3KuMe Mexxgy Kopmu-
3oroBama cekpeuua u HRQol 6 pazauuHu Bb3pacmo-
Bu epynu nayueHmu.

B 3akarodeHue, Hawemo npoydBaHe nokaza, ue
3amabemaBademo e BaxkeH pakmop, kolimo Baowa-
Ba puzuueckomo u ncuxuveckomo GAa20CbCMoaHuUe

Ha >keHume, He3aBucumo om HaAu4yuemo Ha mema-
6oAumHU HapyweHua. Bonpeku moBa, pazBumuemo
Ha memaboAUMEH CUHgPOM MOXKE gONBAHUMEAHO ga
HamaAu cpuzuyeckume nokazameau Ha HRQoL. Me-
Honay3zama pegyuupa kadecmBomo Ha >kuBom npu
JKeHU CbC 3amAabcmaBaHe, gokamo decmu CbNbmM-
cmBawu eHgokpuHHU 3aboaaBaHua kamo PCOS uau
mupeougHa gucyHkuua okazBam no-caab edpekm.
MoBuwenama uHcyauHoBa pezucmeHmHocm, Kakmo
u HuBama Ha Kkopmu3oa 8 2opHUA (bu3uOAO2UYEH U-
ana3oH Cbwo moxe ga noBauaam pazauuHu obaacmu
Ha HRQoL, nopagu koemo maxHama poaa ce HY>kgae
0OMm gonbAHUMEAHA oueHKa. Tl Kamo AuYHama ougeH-
Ka Ha pu3uyeckomo, NCUXuyeckomo u CouuarHOmMo
6aazonoaydue e He camo cybekmuBen 3gpaler uH-
gukamop, Ho u obekmuBeH npegukmop Ha cmbpm-
Hocmma (40), e pazymHo ga ce npoBegam no-20Aemu
npoyuBaHun, pokycupaHu Bvbpxy HRQoL npu nauu-
eHmMu cbe 3amabecmabaHe u MS, 3a ga ce omzoBopu
Ha Bcuuku akmyaaHu Bbnpocu.

BAATOAAPHOCTU: ABmopume u3kazBam cBoa-
ma uckpeHa brazogapHocm Ha MeguyuHcku yHuBepcu-
mem - Cocpus 3a ¢puHaHcoBama nogkpena Ha Hacmo-
awomo uzcregBare [GRANT-2018; A-112/03.05.2018 e.].

v CB6060gHO gocmbneH calim, npegaazauy, uguepnameAHa
uHpopmayua 6b6 Bcuuku obAacmu Ha KAUHUYHaAmMa
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Aims: Obesity has been associated with multiple physical and psychological disturbances, but not all obese
individuals are ,equal.” Obese patients with a cluster of metabolic abnormalities have shown significantly higher
cardiovascular morbidity than the ,metabolic healthy” obese individuals (MHO). Nevertheless, whether the MHO
group experiences a better health-related quality of life (HRQoL) than patients with metabolic syndrome (MS)
needs to be clarified. Therefore, the present study aims to investigate the general HRQoL in women with MS and
MHO and to examine the possible influence of several common endocrine factors.

Methods: A total of 110 obese female patients (75 with MS and 35 with MHO) and 30 healthy lean women
filled in an SF36v2 HRQoL questionnaire. The anthropometric, metabolic, and hormonal characteristics of the pa-
tients were examined. Data regarding concomitant endocrine diseases were also collected.

Results: MHO women showed significantly reduced physical HRQoL component summary in comparison to
lean women (p<0,001), although better than that of obese patients with metabolic syndrome (p=0,022). Polycystic
ovarian syndrome did not further reduce the impaired HRQoL of obese women. Increased HOMA-IR was related
to lower vitality (p=0,025), while increased urine-free cortisol levels were associated with worse physical compo-
nent summary scores (p=0,004) among obese women.

Conclusions: Obesity might deteriorate women's physical and mental well-being regardless of the presence of
metabolic disturbances. However, the development of metabolic syndrome could decrease the physical HRQolL
scores. The influence of cortisol secretion on the HRQoL in obesity needs further investigation.

Key words: HRQol, obesity, metabolic syndrome, polycystic ovarian syndrome, cortisol.
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Itroduction

Obesity is a chronic disorder characterized by
an abnormal fat mass accumulation, which has been
associated with significantly increased morbidity and
mortality, psychological disturbances and social lim-
itations (1). There is little doubt that the most endan-
gered group in the context of physical well-being is
the subpopulation of obese patients with metabolic
syndrome (MS). MS represents a cluster of risk factors,
such as visceral obesity, atherogenic dyslipidemia,
hypertension, insulin resistance, glucose intolerance,
proinflammatory as well as prothrombotic state that
might promote the development of diabetes mellitus
type 2 (DM2) and cardiovascular diseases (2). How-
ever, ,not all obese patients were created equal”, and
in the last years the concept of metabolically healthy
obese individuals (MHO) has emerged in order to
explain a relatively lower cardiovascular risk among
overweight and obese patients without concomitant
metabolic abnormalities (3, 4).

Better metabolic health in MHO phenotype has
been associated with lower cardio-vascular morbidity
and all-cause mortality, but it does not eliminate other
obesity-related complications including psychological
stress and social stigmatization (5). Since medical re-
search should aim not only to increase life quantity but
also to improve its quality (6), it is crucial to find out,
if the MHO group shows actually better health related
quality of life (HRQoL) than metabolic syndrome pa-
tients, and similar to that of normal-weight individuals.
However, studies focused on HRQolL in patients with
MS and obesity have reported contradictory results
depending on the age, gender, culture and ethnicity
of participants (7). Moreover, other different possible
confounders, such as education, income, marital status,
physical activity, markers of inflammation or several
co-morbidities have been thoroughly analysed (8-12),
while the influence of concomitant endocrine diseases
and hormonal disturbances has not been investigated.

Therefore, the present study aims to examine the
general HRQoL in obese women with MHO or MS,
to estimate the role of metabolic disturbances for the
HRQoL impairment, and to evaluate the possible in-
fluence of other hormonal factors on the physical and
mental well-being of obese individuals, such as insulin
resistance, thyroid function and cortisol levels.

Materials and methods

Participants

A total of 140 female participants (18-70 years)
were included in the study. One hundred and ten of
them were overweight or obese women chosen among
the Endocrinology department patients or outpatients
suffering from obesity, hypertension, lipid or carbo-

hydrate abnormalities. The presence of metabolic syn-
drome components was recorded in all of them. A
total of 75 obese patients fulfilled the metabolic syn-
drome criteria (2), 21 of them were with diabetes type
2. The other 35 obese women were considered ,met-
abolically healthy” as in other studies (13). The control
group consisted of 30 healthy lean women with similar
socioeconomic background recruited among the med-
ical staff and students. The study was approved by the
Institutional Ethics Committee and written informed
consent was obtained from all participants.

Study protocol and HRQol evaluation

All female patients underwent a complete general
assessment, including height, weight, waist circumfer-
ence (WC), blood pressure measurement as well as
hirsutism evaluation (modified Ferriman-Gallwey score
> 8). Body mass index (BMI) was calculated according
to the well-known formula: BMI = weight (kg)/height
(m)2. The BMI categories were determined according
to standard criteria for Caucasian adults (http://www.
euro.who.int). A detailed reproductive history of partic-
ipants including menstrual cycle regularity, pregnancies
and menopause was collected. Concomitant diseases
with focus on autoimmune thyroid disorder, polycystic
ovarian syndrome, cardio- and cerebrovascular diseas-
es were also recorded. Patients with severe debilitating
diseases, advanced liver or renal impairment, cognitive
dysfunction and/or psychiatric disorders were exclud-
ed from the study. Systemic corticosteroid use was also
an exclusion criterion.

Blood samples for laboratory assay including fasting
glucose, creatinine, liver enzymes, high-density lipopro-
tein cholesterol (HDL-ch), triglycerides (TG) and total cho-
lesterol measurements were provided from all patients. In
non-diabetic participants a two-hour, 75-gram oral glucose
tolerance test was also performed in order to establish
potential carbohydrate disturbances. Fasting glucose and
immunoreactive insulin levels were measured and both
parameters were followed-up at the first and second hours
after the glucose load. A homeostatic model assessment
index of insulin resistance (HOMA-IR) was calculated ac-
cording to the equation: fasting serum insulin (mU/mL) x
fasting plasma glucose (mmol/L) /22,5 (14). The thyroid
stimulating hormone (TSH), and urine free cortisol (UFC)
levels of the obese women were also measured.

Metabolic syndrome in obese patients was diag-
nosed in the presence of any three of the following five
criteria:

1) Elevated waist circumference > 80 cm;

2) Elevated triglycerides > 1,7 mmol/l or drug treat-
ment for elevated triglycerides;

3) Decreased HDL-ch < 1,3 mmol/l or drug treat-
ment for decreased HDL-ch;

4) Elevated fasting glucose > 5,6 mmol/l or drug
treatment for elevated glucose;
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5) Systolic blood pressure > 130 mmHg and/or
diastolic blood pressure > 85 mmHg and/or antihyper-
tensive therapy (2).

The biochemical parameters were measured enzy-
matically by an automatic analyzer (Cobas Mira Plus;
Hoffmann La Roche). TSH and UFC levels were deter-
mined through commercially available IRMA and RIA
kits. In all patients with increased UFC levels Cushing
syndrome was excluded through appropriate tests.

The health related quality of life (HRQolL) was eval-
uated through a self-administered validated Bulgarian
language version of the Medical Outcome Short Form-
36 version 2 (SF-36v2). The questionnaire consists of
36 questions divided in eight dimensions: physical
functioning (PF), role limitations because of physical
health problems (RP), bodily pain (BP), general health
perception (GH), vitality (VT), social functioning (SF),
role limitations because of emotional health problems
(RE) and mental health (MH). Two generalized summa-
ry scores based on the eight subscales were also calcu-
lated through the software PRO CoRE 1,3 (Optum Inc.,
Johnston, R.I., 2018, USA), i.e. the physical component
summary (PCS) and the mental component summary
(MCS) (15-17).

Statistical analyses

Descriptive statistics and frequency analysis were
used where appropriate. The results were presented as
mean = standard deviation (SD) [median] for continu-
ous variables or as a frequency (%). Categorical data
were analyzed by the x* test or Fisher’s exact test. Dif-
ferences between two groups were evaluated with a
Mann-Whitney test after a Kolmogorov-Smirnov test
for normality of the distribution. A Kruskal-Wallis test
was used for multiple comparisons. The possible asso-
ciations between variables were examined through a
two-tailed Spearman’s correlation analysis. A p-level
<0,05 was considered statistically significant. The data
were analysed by MedCalc Software for Windows, ver-
sion 19,0 (MedCalc Software, Ostend, Belgium).

Results

The obese group of women showed significant-
ly worse HRQolL physical and mental component in
comparison with the lean women (Table 1). The PCS
(p<0,001) but not MCS (p=0,197) was also higher in
controls than in the metabolically healthy obese wom-
en (MHO) despite the similar age (p=0,295). The met-
abolically healthy obese women showed reduced PF
(p<0,001), RP (p=0,032), BP (p=0,004), GH (p<0,001),
and VT (p=0,009) in comparison to lean women. How-
ever, the MHO group showed significantly better PCS
than women with metabolic syndrome (Table 2).

The differences in the SF36 components between
diabetic patients with MS and MS patients without

DM2 did not reach significance (p>0,05 for age, BMI,
PF, RP, BP, GH, VT, SF, RE, MH, PCS, and MCS). The
presence of impaired fasting glucose, impaired glu-
cose tolerance, DM2 or dyslipidemia per se was not
related to SF 36 components changes (p>0,05 for all),
while the presence of hypertension was related to a
significant decrease of PCS (p<0,001), but not MCS
(p=0,375). The number of MS components in obese
women was significantly associated with PF (r=- 0,236,
p=0,013), and PCS (r=- 0,235, p=0,014). The BMI or
WC of the obese women was not significantly related
to PCS or MCS, though both correlated with PF (r= -
0,277, p=0,003 for BMI; r=- 0,259, p=0,006 for WC),
and only BMI correlated with VT (r=- 0,190, p=0,047).
The relationships between the obesity category and the
HRQoL impairment are shown on Figure 1.

The age was significantly related to the most phys-
ical components of SF 36, e.g. PF (r=- 0,379, p<0,001),
RP (r=- 0,318, p=0,001), BP (r="- 0,197, p=0,039), and
PCS (r=- 0,381, p<0,001), but not to the mental com-
ponent score (p=0,267). The presence of hirsutism
(21,8%), menstrual irregularities (26,4%) or polycystic
ovarian syndrome (14,5%) did not influence signifi-
cantly the HRQoL of premenopausal obese women
(p>0,05 for all). The postmenopausal women (34%)
showed significantly lower PF (60,67+23,84 [65,01]
vs. 74,82%23,57 [79,99], p=0,001), RP (61,15+28,53
[68,75] vs. 74.48+25,01 [81,25], p=0,013) and PCS
(43,189,04 [44,10] vs. 48,54%7,87 [51,16], p=0,001),
but not MCS (p=0,112) in comparison to premenopaus-
al female patients despite the similar BMI (p=0,908).

Patients with concomitant cardiovascular or cere-
brovascular diseases (7,3%) were significantly older
than the other (56,25+9.07 [57,00] vs. 39,23+13,17
[36,50] years, p=0,001) and showed significantly
impaired PCS (41,39+6,43 [41,95] vs. 47,1248,62
[49,56], p=0,025), but not MCS (46,69£7,19 [46,64] vs.
43,01£10,86 [44,16], p=0,420).

The glucose and insulin levels during OGTT did
not correlate with the SF36 domains (p>0,05 for all).
HOMA-IR was positively related to the BMI (r=0,431,
p<0,001), WC (r=0,529, p<0,001) and MS compo-
nent number (r=0,519, p<0,001), but not to the age
or HRQol of patients (p>0,05). However, the patients
with HOMA-IR more than 3,98 (median) showed de-
creased VT (43,75+21,90 [50,00] vs. 53,87+20,43
[56,25], p=0,025) in comparison to the women with
lower HOMA-IR.

The presence of autoimmune thyroid disorder in
34,5% of obese women was not related to impaired
HRQoL (p>0,05 for all SF36 components). The pres-
ence of subclinical hypothyroidism was not related to
significant PCS or MCS changes. TSH levels did not
correlate with the SF 36 components (p>0,05 for all),
despite its significant associations with BMI (r=0,273,
p=0,004), MS component number (r=0,193, p=0,046)
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Table1.  HRQoL in obese (body mass index /BMI/ >25) and lean (BMI <25) women. * p<0.05.

Indices: physical functioning (PF), role limitations because of physical health problems (RP), bodily pain (BP),
general health perception (GH), vitality (VT), social functioning (SF), role limitations because of emotional health
problems (RE), mental health (MH); physical component summary (PCS); mental component summary (MCS).

Lean women Obese women p

n 30 110

Age 38.93+10.64 (37.50) 40.47+13.63 (38.00) 0.664
BMI* 20.67+1.95 (20.35) 37.07+8.33 (34.80) <0.001
PF* 96.00+8.03 (100.00) 70.20+24.45 (79.99) <0.001
RP* 88.33+18.33 (100.00) 69.37+27.44 (75.00) <0.001
BP* 81.37£23.74 (84.00) 59.64+25.28 (62.00) <0.001
GH* 78.70+14.82 (80.00) 51.07£19.00 (52.00) <0.001
VT* 65.42+17.50 (68.75) 48.07+22.09 (56.25) <0.001
SF 77.92+26.20 (87.50) 69.66x27.53 (75.00) 0.115
RE* 83.33+20.29 (83.33) 69.09£24.29 (66.67) 0.002
MH* 70.33+19.52 (75.00) 60.04+20.06 (60.00) 0.010
PCS* 57.23+5.66 (58.21) 46.7148.59 (48.70) <0.001
MCS* 47.13+11.09 (50.11) 43.28+10.66 (44.27) 0.039

Table 2. HRQol in metabolically healthy obese women (MHO) and female patients with metabolic syn-
drome (MS).
* p<0.05.

Indices: physical functioning (PF), role limitations because of physical health problems (RP), bodily pain (BP), general
health perception (GH), vitality (VT), social functioning (SF), role limitations because of emotional health problems
(RE), mental health (MH); physical component summary (PCS); mental component summary (MCS).

MHO women MS patients p
n 35 75
Age * 35.88+10.60 (34.00) 42.61+14.40 (42.00) 0.022
BMI* 32.92+6.30 (32.56) 39.00+8.50 (36.44) <0.001
PF* 78.00£20.15 (85.00) 66.55%£25.53 (75.00) 0.011
RP* 76.78+24.04 (81.25) 65.92428.39 (75.00) 0.049
BP 66.54%24.02 (62.00) 56.43+25.36 (52.00) 0.061
GH 54.06+£18.86 (57.00) 49.68+19.03 (50.00) 0.212
VT 52.14+19.70 (56.25) 46.17+23.00 (50.00) 0.216
SF* 77.86£23.89 (75.00) 65.83%£28.42 (75.00) 0.036
RE 75.24+20.36 (75.00) 66.22+25.55 (66.67) 0.107
MH 64.43+15.28 (65.00) 58.00+21.73 (55.00) 0.158
PCS* 49.18+7.78 (51.80) 45.56+8.76 (47.84) 0.022
MCS 45.54+7.92 (44.81) 42.22+11.62 (42.62) 0.260
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and HOMA-IR (r=0,275, p=0,006). The euthyroid pa-
tients with TSH below and above the median (1,90 ml-
U/L) did not show significant differences in the SF36
components (p>0,05 for all).

The urine free cortisol levels were not associated
with the age or BMI of the obese patients (p>0.05).
They were not related to the PCS or MCS compo-
nents (p>0.05). However, the patients with lower UFC
concentrations (below the median of 130 nmol/l)
showed significantly better PF (75,00£23,59 [85,00]
vs. 65,68+24,03 [75,00], p=0,011), BP (66,34+24,14
[72,00] vs. 52,94+25.18 [51,00], p=0,012) and PCS
scores (49,04+7,77 [50,47] vs. 44,52+8,92 [45,71],
p=0,004) in comparison to those with higher UFC lev-
els despite the similar age and BMI (p>0,05).

Discussion

According to the present results obesity is relat-
ed to a significant decrease of HRQoL, with more pro-
found impairment of the physical than mental compo-
nent. These data are in accordance with the outcomes
from most scientific studies reporting reduced health-re-
lated quality of life due to obesity, especially in women
(12, 17-19). However, it is still not clear, whether the
increased fat mass per se could limit the HRQolL of pa-
tients or the obesity effects might be mediated through
the concomitant metabolic disturbances and/or other
complications. According to our data the MHO wom-
en show significantly reduced physical HRQoL com-
ponent score in comparison to lean women, although
better than that of obese patients with metabolic syn-
drome. Consequently, the metabolically healthy obese
women might be considered as an intermediate cat-
egory of ,subhealthy” individuals, since their physical
functioning, physical role, bodily pain, general health
perception, and vitality scores were much lower than
those of the healthy lean women. These data support
the findings of several studies, which put an accent
on the impaired HRQoL in metabolic healthy obesity
and question the sufficient physical, mental and social
well-being of these patients in the context of current
health definition (13, 21).

In our study, the patients with MS are older and
heavier than MHO women, and they show worse re-
sults in terms of physical functioning, physical role, so-
cial functioning as well as physical component summa-
ry. Similar conclusions were reached in a large German
study (13), while other studies did not find an associa-
tion between the metabolic syndrome and HRQolL in
obese patients (8, 11). Interestingly, one of the largest
studies conducted in the general Dutch population
reported an impairment of both physical and mental
HRQolL determinants, such as general health, vitality,
social functioning and emotional role in the obese MS
patients compared to other obese females even after

adjustment for age, BMI and presence of concomitant
diseases (10). Discrepancies between studies might
result from different inclusion and exclusion criteria
applied, different metabolic syndrome definitions, dif-
ferent structure of co-morbidities, as well as different
socioeconomic conditions and cultural peculiarities in
distinct countries. Nevertheless, our results support the
hypothesis that in women obesity might influence the
HRQoL not only directly, but also indirectly through the
concomitant metabolic complications (12).

The association between the HRQoL and metabol-

ic syndrome might be modulated by different factors
including psychological disturbances, social changes,
chronic stress as well as immunological alterations
(8, 10). However, the role of hormonal changes and
concomitant endocrine diseases is almost never con-
sidered. Perimenopausal changes of endocrine envi-
ronment could potentiate the development of visceral
obesity and metabolic abnormalities (22). Menopause
might affect the HRQolL adversely (23, 24), but the
specific changes in obese women are not completely
clarified. In our study obese postmenopausal women
show significantly worse HRQoL physical component
in comparison to premenopausal women. Conversely,
Laferr re et al. did not find such differences among Cau-
casian obese females before and after menopause (25).
A large Teheran study concluded that postmenopausal
women had reduced mean scores in almost all SF36
domains in comparison to premenopausal women, but
nevertheless, the influence of metabolic syndrome on
HRQoL was more pronounced in women of reproduc-
tive age (26). Further studies are needed to establish
the impact of obesity and metabolic syndrome on the
HRQol in different female life periods. More than one
third of severely obese women suffer from PCOS, and
its specific unfavourable complications, such as hirsut-
ism, menstrual irregularities and infertility might cause
significant HRQoL reduction (27). However, the pres-
ence of obesity per se might be one of the most im-
portant factors impairing physical well-being of PCOS
patients (27). Thus, it is interesting to find out, if the
syndrome might additionally deteriorate the HRQoL in
obese premenopausal women. According to our data,
the presence of PCOS as well as hirsutism and menstru-
al disturbances are not related to a significant HRQoL
decrease in the same group.
Obesity might be a more significant factor impairing
general health perception in obese females than PCOS
itself (28), but larger studies are needed to reveal the
precise influence of the PCOS on HRQoL in women
with different metabolic syndrome components.

Thyroid function modulates basal metabolic rate
and body weight, thus, even slight increase of the TSH
levels might ensure substantial weight differences (29).
According to our results, the TSH levels are significantly
associated with BMI and MS components as in other
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SF36 main physical (a) and mental (b) domains in patients with different obesity grade

(p>0.05).

Indices: physical functioning (PF), role limitations because of physical health problems (RP), bodily pain (BP),
general health perception (GH), vitality (VT), social functioning (SF), role limitations because of emotional health
problems (RE), mental health (MH); physical component summary (PCS); mental component summary (MCS).
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studies (29, 30), but mild hypothyroidism did not cause
significant PCS or MCS changes.

The specific carbohydrate disturbances as well
as insulin levels were not associated with a significant
decrease of HRQoL in the examined obese women.
However, the patients with higher HOMA-IR values
suggesting more pronounced insulin resistance showed
decreased vitality. Likewise, the data from the Hertford-
shire Cohort Study found out that the increased HO-
MA-IR values were associated with reduced vitality,
physical functioning, and general health scores (31).

Despite an unambiguous association between
endogenous hypercortisolism and metabolic distur-
bances, the role of cortisol in obesity and metabolic
syndrome is still a matter of debate. Increased, normal
or decreased cortisol levels have been found in obese
women, and they might be related or not to the devel-
opment of metabolic abnormalities according to differ-
ent studies (32-36). Moreover, it is far from clear, if the
cortisol values influence the HRQoL of obese patients.
Our results indicate that urine free cortisol levels are
not significantly related to the BMI or age. However,
obese women with relatively higher UFC levels show
decreased physical HRQoL scores in comparison to
those with lower UFC concentrations, with physical
functioning and bodily pain being most affected. Since
differences could not reveal causality, it is not possible
to estimate, if the increased bodily pain might explain
the higher UFC secretion. Hypothalamic-pituitary-ad-
renal gland activation is a normal homeostatic response
to acute pain, while chronic suffering could exert var-
ious effects on cortisol secretion (37). Other factors
such as increased visceral fat tissue might also link the

relative hypercortisolism with the impaired physical
well-being. A higher daily hydrocortisone intake was
similarly associated with strongly impaired physical
HRQoL in female patients with adrenal insufficiency
(38). Conversely, Ragnarsson et al. reported improved
HRQol in older patients with UFC levels in the upper
physiological range (39). Thus, further studies are nec-
essary to clarify the relationships between cortisol lev-
els and HRQol in different age and disease groups.

In conclusion, our study shows that obesity is an
important factor that deteriorates the physical and men-
tal well-being of women regardless of the presence of
metabolic disturbances. However, the development
of metabolic syndrome might decrease additionally
the physical HRQoL scores. Menopausal status could
influence significantly the HRQoL of obese women,
while frequent concomitant endocrine diseases such as
PCOS or thyroid dysfunction are not so important. In-
creased insulin resistance as well as cortisol levels in the
upper physiological range might affect different HRQolL
domains, thus, their role needs further evaluation. Since
the personal assessment of physical, mental and social
well-being is not only a subjective health indicator but
also an objective predictor of mortality (40), it is rea-
sonable to conduct larger studies focused on HRQolL
in patients with obesity and MS in order to answer all
current questions.
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Pe3slome

BwvBegenue: MampukcHume memaronpomeuHasu (MMPs) npegcmaBaaBam cpamuaua om uuHk-3a6ucumu
npomeoAumuYHU eH3umu yuyacmBawu 6 pazepakgaHemo Ha KOMNOHEHMUME HAa eKCMpaueAyApHUA MampuKc
(ELIM). CBpbxekcnpecuama u noBuweHama akmuBHocm Ha MMPs ce HabalogaBa npu MHO20 PU3UOAO2UYHU U
NnamoAOo2U4HU Npouecu, BKAIoUUMEAHO U Npu ecmpozeHgeduuumHa ocmeonopo3a. MMP-9 e egHa om gBeme
onucaHu YoBewku xxeramuHa3u 8 cemedcmBomo Ha MMPs, cnocobHu ga pazepaxkgam npomeoAuUMUYHO XKe-
AamuH (geHamypupaH KoAazeH). B kocmHama mvkaH MMP-9 ce ekcnpecupa om XxoHgpouumu, ocmeokAacmu,
ocmeobAacmu, ocmeouumu, Mezakapuoyumu U KAemKume Ha KOCMHUA MO3bK.

Llea: Lleama Ha Hawemo npoyuBare e ga ce u3zcregBa ekcnpecuama Ha MMP-9 8 kocmHama mwbkaH u
cepymHama 0 KOHUeHmMpauua Npu ecmpozeHeH gecpuyum, mogeaupaH Bbpxy 6eau nabxoBe nopoga Bucmap.

Mamepuaru u memogu: V13cregBaxme 20 xxeHCKU nabxa, nopoga Bucmap Ha Bb3pacm gBa meceua, pas-
geAeHu Ha 2 2pynu: pyna 1 (G1) - 10 )kuBomHu, nogaokeHu Ha oBapuekmomun (OVX) u koHmpoaHa pyna 2
(G2) - 10 cparwuBo onepuparu (SHAM). baxa uznoa3zBaHu UMYHOAO2UYHU U UMYHOXUCMOXUMUYHU MEMOgU 3a
onpegeAaHe Ha ekcnpecuama Ha MMP-9 8 kocmHama mbkaH u Ha cepymHama U KoHueHmpauus.

Pezyamamu. YcmanoBuxme, ve ekcnpecuama Ha MMP-9 6 kocmHama mbkaH u cepymHama U KoHueHmpa-
uua ca 3Havumenro no-Bucoku B epynama OVX c uzaBena ocmeonopo3a - G1, 8 cpaBHeHue ¢ koHMpoAHama
parwuBo onepupaHama 2pyna G2-SHAM (p<0.05).

3akarodeHue. Ha 6azama Ha Hawume u3caegBarua ycmarnoBuxme, ve MMP-9 e mapkep 3a noBuweHa oc-
meokAacmHa akmuBHocm npu Aunca Ha atuHukoBa cyHkuua. [pu NpogbAXKUMEAEH eCmpo2eHeH gedpuyum
yBeauveHama cepymHa koHueHmpauua Ha MMP-9 e cBbp3aHa ¢ yBeauueHa ekcnpecua Ha eH3uma B KocmHa-
ma mbkaH, koemo Bogu go 3a2yba Ha KocmHa MuHepasHa nAbmHocm (KMTI1). CaegoBameaHo, Haauduemo Ha
noBuweHu cepymHu HUBa Ha MMP-9, moxe ga cAyku, Kamo buomapkep 3a pazBumuemo Ha ocmeonopo3ama.

KaroyoBu gymu: ocmeonopo3a, umyHoxucmoxumun, MMP-9

Endocrinologia vol. XXVIII Ne1/2023




IpbuzopsiH, ApmuHe B. u cbmpygHuyu

BbBegeHue

MampukcHume memanonpomeurasu  (MMPs)
npegcmaBaaBam gamuaua om uyuHk-3aBucumu npo-
meoAUMUYHU eH3uMu, yyacmBawu B pazeparkgaHemo
Ha KOMNOHEHMUMe Ha eKCMpaueAyApHUA Mampukc
(ELIM). CBpbxekcnpecua u noBuweHa akmuBHocm
Ha MMPs ce HabaogaBa npu mHO20 hu3zuOAO2UY-
HU U namoao2uydHu npouecu (1). MMPs mogyaupam
MampuKCHOMO pemogeAupaHe Ha Kocmma upe3 no-
BauaBaHe Ha ocmeobracmHama u ocmeokAacmHama
pyHkuuu. Te ca onmumarHo akmuBHuU npu Heympana-
HO pH. B kocmHama mubkaH noumu Bcuuku MMPs
umam peayaupawia poAa, HO pa3AudHUME KOMNOHEH-
mu Ha ELIM ca obekm Ha KOHMpoA om cmpaHa Ha
pa3zAaudHU MMPs. EcmpozeHHUASM gedpuuum e eguH
om Had-B8axkHume pakmopu 3a pazBumuemo Ha oc-
meonopo3a npu xeHume 6 meHonaysa (2). Tod noBu-
wabBa ekcnpecuama Ha MMPs 8 kocmHua mampukc,
koemo Bogu go yckopeHo pazepaxkgaHe Ha Bcuuku
MampuKkcHU KomnoHeHmu. AucbaraHcem 6 getdcmBue-
mo Ha MMPs u mexHume uHxubumopu npu ecmpo-
2eHeH geguuum Bause npako Bbpxy peaysauvuama
Ha ocmeokAacmHama akmuBHocm u NoO MO3u HavuH
uzpae Bogewa poaa B8 namozeHe3zama Ha ocmeono-
pozama. MMP-9 e egHa om gBeme onucaHu >keaamu-
Ha3u B8 cemeicmBomo Ha MMPs, cnocobHuU ga pas-
2paykgam NpomeoAUMUYHO >KeaamuH (geHamypupaH
KoAazeH). B kocmHama mwvkaH MMP-9 ce ekcnpecupa
Oom XoHgpouumume, ocmeokAacmu, ocmeobaacmu,
ocmeouumu, mezakapuouumu U KAemKume Ha Kocm-
HUA MO3bK (3, 4).

Lleama Ha Hawemo npoyuBaHe e ga ce uzcaegBa
ekcnpecuama Ha MMP-9 8 kocmHama mbKkaH u cepy-
MHama U KOHUeHmpauua npu ecmpoz2eHeH gedpuuum
mogeaupaH Bbpxy 6eau navxoBe nopoga Bucmap.

Mamepuaau u memogu

V3caegBaxme 20 >keHCKU NAbxa, nopoga Bucmap
Ha Bb3pacm gBa meceua npu 3anouBaHe Ha ekcnepu-
MeHmume € HavyaAHO mez2ao 150%20 epama. Bcuuku
nabxoBe Gaxa omeaexxgaHu No cmaHgapmeH HauuH
8 coomBemcmBue c ,MpaBuaruka 3a paboma c Aa-
6opamopHu >xuBomHu”, npuem om MY, INaeBeH. Xu-
BomHume 6axa nogzomBeHu upe3 akAUMamu3upaHe
kKbm ycaoBuama B npogbakeHue Ha egHa cegmuua
npegu 3anouBaHe Ha ekcnepumeHma. Te 6axa Hacma-
HeHu B cmaa ¢ koHmpoaupaHu ycroBua (omHocumen-
Ha BaaxkHocm Ha Bb3gyxa 45-65%), 12-uacoB yukbA
cBemao/mbmHO U memnepamypa 22+2° C, ¢ Henpe-
KbCHam gocmbh go xpaHa u Boga. XKuBomHume 6axa
pa3geAeHu Ha 2 2pynu:

lpyna 1 (G1) - 10 nabxa, nogaoxeHu Ha oBa-
puekmomua (OVX) u koHmpoaHa pyna 2 (G2) - 10

paawuBo onepupanu xuBomuu (SHAM). OBapuek-
momuama Hewe uzBbpweHa npu NbAHa aHecme3us ¢
uznoa3BaHe Ha kombuHauua om kemamut (90 mg/kg)
u kcuaazuH (10 mg/kg), npuaoxkeHa uHMpanepumMoHe-
aAHO, no memoga Ha Kharode u cvaBm. (5).
XKenckume nabxoBe, creg oBapekmomusn, pa3Bu-
Bam cxogHu Npu3Hauu Ha KOCMHU NPOMEHU, Kakmo
npu uoBewkama ecmpozeHgeuuumHa 0CmMeono-
po3a. To3u ekcnepumeHmaneH mogea e Bv3npuem
Kamo ,3AameH cmaHgapm” 3a ougHka egekma Ha
peguua megukameHmu u3znoa3zBaHu npu AeueHuemo
Ha ocmeonopo3ama (5, 6). CAeg nepuog om OKOAO 2
meceua oBapuekmomupaHume >xuBomuu pazBuBam
0cmeonopo3a, Koemo ce gokazBa XucmoaozuuHo.

MMyHOXUCmOXUMU‘IHO U XuCmoAO2U4YHO
uzcregBane

MopgonrozuuHume uzcaegBaHua ca uzBvpuweHu
68 Kamegpa ,lamonozoaHamomua” npu MY, NaeBeH.
3a ueama 6axa uznoazBaHu cBexxu npenapamu om
ekcnAaHmupaHa AaBa begpeHa kocm Ha Bcuuku 2pynu
>kuBomHU, C MONUK NPOKCUMAAEH (20peH) dppazmeHm
Ha pemypa. NMpuroxkeHu Baxa xucmoao2uyeH memog
(xemamoKCUAUH/€03UH) U UMUYHOXUCMOXUMUYEH Me-
mog (MXX) 3a onpegeanaHe ekcnpecuama Ha MMP-9.
3a VXX 6ewe uznoazBaHo cneuudpuyHo MMP-9 an-
mumano (H-129 rabbit), cberacHo uHcmpykuyuume Ha
npou3zBogumena (Santa Cruz USA).

UmynorozuyHo uzcregBane

B kpaa Ha ekcnepumeHma Gewe B83ema kpbB
om ekcnepumeHmaaHume >kuBomHu 6 cmepuaHu
BakymeUHepu 3a cepym, 6e3 aHmMuKoazyaaHm upes3
NYHKMUpaHe Ha abgoMuHaAHama aopma Npu U3NOA3-
BaHe Ha cbwama aHecmesua. To3u memog e GuA u3-
noAzBaH u om gpyeau aBmopu npu nogobHa onumHa
nocmano6Bka (7). KpbBma 6ewe ueHmpocdyaupaHa Ha
1500 06/muH u paznpegeAreHa no 2pynu, chopeg Ko-
AudecmBomo HeobXogumo 3a NAaHUpaHUMe Uu3CAed-
BaHua. CepymHume HuBa Ha MMP-9 6axa onpegeaeHu
C nomowma Ha umyHoao2udeH memog ELISA 6 k-pa
L,AHAMOMUA, XUCMOAO2UA, UumoAo2ua u buoao2us”,
Cekmop ,buonozusa”, MY TllaeBeH. 3a onpegeaaHe
cepymHume kKoHueHmpauuu Ha MMP-9 6ewe u3noas-
BaH kum ¢ kam. Ne RMP900 Rat, cnopeg uHcmpykuu-
ume Ha npou3zBogumeas (R&D systems).

Cmamucmuyecku memogqgu

3a aHaauzume e uznoazBaH cmamucmuyeckuam
nakem SPSS 20 (SPSS Inc., Chicago, USA). AaHHume
om npoyuBaHemo ca onucaHu Ype3 mabauuu, 2pagu-
Ku u vucaoBu BeauduHu 32 OMHOCUMEAEH gaA — Cpeg-
HU cmoUHoCcMu £ cmaHgapmHo omkAoHeHue (SD). 3a
u3zBogu u 3akatoueHua npu cpaBHaBare Ha gBe cpeg-
HU ,HecBbp3aHu” npobu ca uznoa3zBaHu napamem-
puyHu mecmoBe, uzuckBawu HOpMaAHO uAu 6AU3-
KO go HOpMaAHOMO pa3znpegeAreHue - T-test. [1pu
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pa3AUYHO OM HOPMAAHOMO pa3npegeAreHue e U3NOA3-
BaH HenapamempuueH mecm - Mann Whitney (W)
npu cpaBHaBare Ha meguaHHu cmodHocmu. ViHmen-
3uBHocmma Ha umyHoxucmoxumuyHomo ouBemaBa-
He ce onpegeAaawe NoAykoaudecmBeHo u ce ougHa-
Bawe no caegHama ckaaa: 0 - auncBa ouBemaBane;
1 - caabo; 2 - ymepeHo; 3 - cuaHo (8, 9). 3a Bcuuku
mecmoBe e Bb3npuemo HUBO Ha 3Havyumocm p<0,05.

 Pesynmamu

1. Xucmoaozuyno uzcaegBare

Pa36umuemo Ha oCcmeonopo3a Npu eKkcnepumeH-
maAHume >xuBomuu Gewe nomﬁbpgeHo C nhomowma
Ha XuUuCmOAO2CUYHO ou,6em96aHun Nno XemamoKcCu-
AUH-e03UH. [pu >kuBomHume ¢ ocmeonopo3a,

lpyna G1 -OVX, baxa HabaogaBaHu: usmbHaBare Ha
kocmHume mpabekyau u HapywaBaHe Ha Bpb3zkama
No MEXQY UM, pegykuua Ha KoCmHama maca u pegy-
uupaHo KkoaudecmBo Ha KOCMeH MO3bK C MacmHa ge-
2eHepauun (Que. 1).

2. mynoxucmoxumu4Ho uzcaegBaHe Ha
excnpecuama Ha MMP-9 8 kocmnama movkaH
Excnpecuama Ha MMP-9 6 ocmeokaacmume
u 6 MoHOHYKAeapHUMe Kaemku (8 KOCMHOMO3bUHO-
mo npocmparncmBo) Gewe cu2HUUKaHMHo noBuwe-
Ha Npu ecmpo2eHeH gepuuum, koemo bewe HabAlo-
gaBano B8 epynama c ocmeonopo3a G1 (OVX) cnpamo
G2 (SHAM) (p<0,05) (Due. 2). Tabauua 1 nokazBa ko-
AudecmBeHama oueHka Ha ekcnpecuama Ha MMP-9
npu gBeme 2pynu >kuBomHu.

0111 Xucmonoz2uyHo uzcaegBaHe Ha chemopaaHama Kocm.

[Moka3zaHu ca ocmeonopo3Hume npomeHmu npu >xxuBomHu om OVX epyna ¢ ocmeonopo3a, cpaBHeHa ¢
KoHmMpoAHama epyna SHAM 6e3 ocmeonopo3a. OuBemeHu ¢ xemamokcuAuH-eo3uH. YB. x 100. KocmHume mpa-
b6ekyau (T), kocmeH mo3vk (KM), macmHa geeeHepayua (M).

KoauuecmBena

oueHKa Ha ekcnpe-
cuama Ha MMP- ol ne

9 8 kocmHama 310
MbKaH
&10
&2 410
&10
AezeHga:

| HETeEIREROGCT Ha OHEETHEARETO ' mpomesT( %) *

R

1. iumer3uBHocm Ha ouBemaBare Ha UMYHOXUCMOAOUYHUME Npenapamu NO cAegHama ckaaa:

0 - auncBa, 1 - cAabo, 2 - ymepeHo u 3 - CUAHO.

2. MNpoueHm Ha npenapamume cnopeg cmenedma Ha ouyBemaBane.
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IpuezopsH, ApmuHe B. u compygHuyu

01l VIXX ouBemaBane Ha MMP-9 6 npenapamu om 6egpeHa kocm npu OVX u SHAM 2pynu.

[MokazaHa e BapuabuaHa umyHHa peakyua Ha MMP-9 (om ymepeHa go cuaHa) 6 ocmeokaacmu (no noBbpx-
Hocmma Ha mpabekyaume) u 6 moHoHYyKAeapHUMe kKaemku 8 KOCMHOMO3b4YHOMO npocmpaHcmBo (cmpeaku),
cBemao kagpaBo oyBemaBare. HK-HecamuBHa koHmpoaa (runcBa MIXX Ha MMP-9) V6. x 100. (O-ocmeoyum,
Oxk-ocmeokracmu, KM-kocmeH mo3bk, T-mpabekyau, M- macmHa gezeHepayus).

3. OnpegeaaHe Ha cepymHume KOH-
12,00000 “*pe0.001 yenmpayuu Ha MMP-9
| YcmanoBu ce, ye KoHUeHMpauuume Ha
10,00000 MMP-9 8 G1 (5,67£1,72 ng/ml) 6axa cuzHu-
pukaHmHo noBuweHu cnpamo me3u 6 G2
= (2,53+0,95 ng/ml), (p<0,001) (Due. 3).
< 8,000004
o
c
@
Q. 6,00000 4
=
: T
4,00000 = =
2,00000 J_
,00000

ovX SHAM
Quaypa 3. CpaBHeHue Ha cepymHUmMe KOHUgHMpauuu Ha
MMP-9 mexxgy OVX u SHAM 2pynume.

AaHHume ca npegcmabBeHu kamo cpegHa CmoUuHOCm U
cmargapmHo omkaoHeHue 68 ng/ml, n=10 OVX u 10 SHAM.
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Obcbikgane

Mpu nocmaBaHe Ha guaeHO3ama ocmeonopo3a
ce u3zcaegBam pazauuHu KocmHu mapkepu. Te npeg-
cmabBaaBam BewecmBa, koumo nonagam 6 uupkyaa-
uuama npu Npoyecume Ha KOCMHOMO pemogeAupaHe
(10). Kamo ugano, uzcaegBaHemo Ha mapkepume 3a
KocmeH obmeH uma 3a ueA ga ce ugeHmudpuyupam
Auua ¢ noBuweH puck om hpakmypu u e Heobxogu-
MO 3a MOHUMOPUHZ2 Ha A€YEHUEemO Ha OCMeoNnopo-
3ama uAu gpyeo kocmto 3aboaaBane. CepymHume u
ypuHHU BuoxumuuHu mapkepu ¢ Bucoka cneuudpuu-
Hocm u yyBcmBumeaHocm ompazaBam eH3zumHama
akmuBHocm Ha ocmeobAaacmume u ocmeokAacmume
uAu npogykmume om memaboau3zma Ha KoCcmHama
mbkaH. Te gaBam uHdgopmauua 3a pazbupaHemo Ha
CAOXKHUME NbMuwa Ha KocmHusa obmeH. MNpoyuBaHu-
ama HanpaBeHu om Garnero P., 2009, go6aBam kbm
KAacuveckume mapkepu Ha KocmHua memaboAu3bm u
MampukcHuUme memoaonpomeuHasu (11).

B Hawua MogeA Ha ekcnepumeHmaaHa ecmpozeH-
gedpuuumHa ocmeonopo3a, akmuBHocmma Ha MMP-
9 6 kocmHama MbkaH e omuemeHa UHgUPEKMHO Ha
6azama Ha cepymHama KOHUeHmpauua u cmeneHma
Ha UMyHOXUCMOXUMuU4YHama U ekcnpecus. Pezyama-
mume noka3zBam, ue cepymHume HuBa Ha MMP-9 u
XX exkcnpecus, ca cueHupukaHmuo noBuwenu 68 G1
cnpamo G2 epynama (Que. 2 u 3). XX 6 kocmHama
mbkaH Bu3yasuzupa 20AemuU MHO20AgpeHU OCMeo-
kracmu Bbpxy peszopbuyuoHHama noBwvpxHocm u 6
KOCMHOMO3b4HOMO npocmpaHcmBo, nokazBawu
cneyupuuHo ouBemaBare 32 MMP-9 (Que. 3).

MogobHu pe3yamamu c yBeauueHa ekcnpecua
Ha MMP-9 8 kocmHua mampukc u yBeaudeHu cepy-
MHU U KOHUEeHMpauyuu Npu ecmpozeHeH geduuum ca
onucaHu Kakmo npu ekcnepumeHmaatu xuBomuu (3,
4, 12-14), maka u npu >eHu ¢ ocmeonoposa (15-17).

Mpu Hawua excnepumeHm yBeaudeHama cepym-
Ha KoHueHmpauua Ha MMP-9 BepoamHo ce gbAXKU Ha
yBeauuenama ekcnpecua 6 kocmHa mbkaH. [Namodu-
3UOAO2UYHUAM MEXaHU3bM, KOUMO MOXe ga 06acHU
NOAYUYEHUMe pe3yamamu, € HaAUYHUAM ecmpo2eHeH
gepuuum 68 OVX epynama, koimo omkatouBa nopo-
YeH Kpb2 Ha CMUMYAUpaHe Ha ocmeokAacmozeHesa.
ToBa cmaBa upe3 npouzBogcmBomo Ha npo-ocmeokAa-
CMOZEHHU UUMOKUHU, Kamo Mymop-Hekpomu3supauw,
dpakmop aapa (TNF-a), unmepaeBkun-1(IL-1), IL-4, IL-6,
uHmepdepoH 2ama (IFN-y), peuenmopHua akmuBa-
mop Ha HYkAeapHua gpakmop kana-B aueang (RANKL)
u HamaraBaHe Ha ekcnpecuama Ha ocmeonpome-
2epUH-0CMeoKAaCmo2eHe3eH  uHxubupaw, dakmop
(OPG) (15, 18, 19). Excnpecuama Ha RANKL uepae
ueHmpanHa poaa 8 namozeHe3ama Ha ocmeonopo-
3ama (14, 20). B uHgyuupaHemo Ha npoueca ce

BratouBam Bcuuku nogkaacoBe Ha npoaupepamuBHu-
me T-kaemku (CD8, CD4, Th1 u Th2 kaemku) u B-kae-
mbyHama AuHua (B-kaembuHU npekypcopu u 3peau
B-kaemku). ToBa e npuduHama gHec ga ce 206opu 3a
ocmeonopo3ama He camo kamo Bb3narumeaHo, HO
u kamo aBmoumyHHo 3a6oaaBaHe (21). M3aBeHuam
eHgoKpuHeH gucbaaaHC hopmupa AOKaAeH Camonog-
gbpkaw, ce Bb3naaumeneH npouec B kocmHama
mbKkaH, koimo Bogu go HapyweHo npou3BogcmBo
Ha MMPs (18, 22). Ocmeobaacmume ca mapz2emHu-
me KAemKku 3a epekmume Ha ecmpozeHume (23) u
npu maxHama Aunca ce ocBob6oxxgaBam pa3zAudHu
MampukcHU — memaaonpomeuHasu  (BkalouumeaHo
MMP-9), koumo ca omzoBopHu 3a ocmeokAacmHama
KocmHa pe3opbuus (14, 24, 25). B npoueca Ha pe3op-
6uun, ocmeokraacmume omgeasm CD44 u MMP-9.
O6pa3zyBanuam komnaekc CD44/MMP-9 Bbpxy kae-
mbyHama um noBbpxHoCcmM, cmumyAupa cekpeuuama
Ha akmuBHuU cpopmu MMP-9 u ocmeokaacmHa muepa-
uua. MHozo aBmopu gokazBam, ue obpazyBatemo Ha
komnaekca CD44/MMP-9 npegcmaBaaBa yHukaseH
cueHaa ycuaBaw, nogBukHocmma u akmuBHocmma
Ha ocmeokaacmume (24, 26). Om ka3aHOMO No-20-
pe cmaBa acHo, ye noBuweHama akmuBHocm Ha oc-
meokaacmume yBeauuaBa ekcnpecuama Ha MMP-9,
Koamo ynpaxHaBa geepagayuoHHua cu epekm Bbp-
Xy KOCMHama cmpykmypa gupekmHo, Kakmo u 4pe3
yBeauvaBaHemo Ha npouzBogcmBomo Ha uumoku-
Hu. MNpu ecmpoeeHeH gecpuuum MMP-9 akmuBupa
ocmeokAacmume, paszpaxkgawu korazedH mun-l (13).
CaegoBameaHo, MMP-9 uma uzaBeHa ocmeoAumuvHa
akmuBHocm (14, 18).

OcBeH npu ecmpozeHgeduuumMHa 0CMeonopo-
33, MMP-9 moxe ga 6bge noBuweHa u npu gpyau
(pOopMU Ha OCMEONOPO3a, HANPUMEP NPU XUNEP2AIOKO-
Kopmuuu3bm (27), 3amabcmabane (28), mupeomok-
cuko3a (29) u gp. ToBa nogmBubprkgaBa mezama, ve
MMP-9 e npako cBbp3aHa ¢ namozeHe3ama Ha ocme-
onopo3ama.

3akAloyeHue

Ha 6azama Ha Hawume u3caegBaHusa ycmano-
Buxme, ye MMP-9 e mapkep 3a noBuweHama ocmeo-
KAacmHa akmuBHocm npu Aunca Ha atuHukoBa yHK-
uua. pu npogbakumereH ecmpozeHeH geduuum
yBeauveHama cepymHa KoHueHmpauuas Ha MMP-9 e
cBobp3aHa c yBeauueHa ekcnpecua Ha eH3uma B kocm-
Hama mbkaH, koemo Bogu go 3azyba Ha KMI1. Cae-
goBameaHo, Haauduemo Ha noBuweHu cepymHu HuBa
Ha MMP-9, mo>xke ga cAy>ku kamo buomapkep 3a pas-
Bumuemo Ha ocmeonopo3ama.
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Introduction: Matrix metalloproteinases (MMPs) are a family of zinc-dependent proteolytic enzymes involved
in the degradation of extracellular matrix (ECM) components. The overexpression and increased activity of MMPs
is observed in many physiological and pathological processes, including estrogen deficiency osteoporosis. MMP-9
is one of the two known human gelatinases in the MMP family capable of proteolytically degrading gelatin (de-
natured collagen). In the bone tissue, MMP-9 is expressed by chondrocytes, osteoclasts, osteoblasts, osteocytes,
megakaryocytes and bone marrow cells.

Objective: The aim of our study was to investigate the expression of MMP-9 in the bone tissue and its serum
concentration in estrogen deficiency modelled on white Wistar rats.

Materials and methods: We studied 20 female Wistar rats aged two months, divided into 2 groups: Group 1
(G1)-10 ovariectomized animals (OVX) and control Group 2 (G2)-10 sham-operated animals (SHAM). Immunolog-
ical and immunohistochemical methods were used to determine the expression of MMP-9 in the bone tissue and
its serum concentration.

Results: We found that the expression of MMP-9 in the bone tissue and its serum concentration were sig-
nificantly higher in the OVX group with pronounced osteoporosis - G1, compared to the control sham-operated
group G2-SHAM (p<0,05).

Conclusion: Our results showed that MMP-9 is a marker of increased osteoclast activity in estrogen defi-
ciency. In prolonged estrogen deficiency, increased serum concentration of MMP-9 is associated with increased
expression of the enzyme in bone tissue, leading to loss of bone mineral density (BMD). Therefore, the presence of
elevated serum levels of MMP-9 may serve as a biomarker for the development of osteoporosis.

Key words: osteoporosis, immunohistochemistry, MMP-9.

46

EHngokpuHonoeausi tom XXVIII N21/2023



Introduction

Matrix metalloproteinases (MMPs) are a family of
zinc-dependent proteolytic enzymes involved in the
degradation of extracellular matrix (ECM) components.
The overexpression and increased activity of MMPs is
observed in many physiological and pathological pro-
cesses (1). MMPs modulate bone matrix remodeling re-
modelling by affecting osteoblast and osteoclast func-
tions. They are optimally active at neutral pH. In bone
tissue, almost all MMPs have a regulatory role, but dif-
ferent components of the ECM are subject to control
by different MMPs. Estrogen deficiency is one of the
most important factors in the development of osteo-
porosis in postmenopausal women (2). It increases the
expression of MMPs in the bone matrix, which leads to
the accelerated degradation of all matrix components.
The imbalance in the action of MMPs and their inhib-
itors in estrogen deficiency directly affects the regula-
tion of osteoclast activity and thus plays a leading role
in the pathogenesis of osteoporosis. MMP-9 is one of
the two described gelatinases in the MMP family ca-
pable of proteolytically degrading gelatin (denatured
collagen). In the bone tissue, MMP-9 is expressed by
chondrocytes, osteoclasts, osteoblasts, osteocytes,
megakaryocytes and bone marrow cells (3, 4).

The aim of our study was to investigate the ex-
pression of MMP-9 in the bone tissue and its serum
concentration in estrogen deficiency modelled on
white Wistar rats.

Materials and methods

The experimental study was approved by the
Scientific Ethics Committee of the Medical Universi-
ty-Pleven, Bulgaria (approval no. 556/07.05.2019). We
studied 20 female Wistar rats aged two months with an
initial weight of 150 £ 20 grams. All rats grew accord-
ing to standard ,Rules of work with laboratory animals”
adopted from the Medical University-Pleven, Bulgaria.
The animals were prepared for the experiment by ac-
climating to the conditions for one week prior to the
experiment. They were accommodated in an air-condi-
tioned room (relative humidity 45-65%) over a 12-hour
light/dark cycle, at 22+2°C, with free access to food
and water. The animals were divided into 2 groups:
Group 1 (G1) - 10 ovariectomized rats (OVX) and
control Group 2 (G2) - 10 sham operated animals
(SHAM). Ovariectomy was performed under general
anesthesia using a combination of ketamine (90 mg/kg)
and xylazine (10 mg/kg) administered intraperitoneally,
according to the method of Kharode et al. (5). Female
rats, after ovariectomy, develop similar signs of bone
changes as in human estrogen deficiency osteoporosis.
This experimental model has been accepted as the

,gold standard” for evaluating the effect of a number
of drugs used in the treatment of osteoporosis (5, 6).
After a period of about 2 months, the ovariectomized
animals developed osteoporosis, which was confirmed
histologically.

Immunohistochemical and histological examina-
tion

Morphological studies were performed in the De-
partment of Pathology at the Medical University Plev-
en. For this purpose, preparations were used from the
explanted left femur of both groups of animals, with
the proximal (upper) femur fragment as a topic. A his-
tological method (hematoxylin/eosin) and an immuno-
histochemical method (IHC) were applied to determine
the expression of MMP-9. A specific MMP-9 antibody
(H-129 rabbit) was used for IHC, according to the man-
ufacturer's instructions (Santa Cruz USA).

Immunological study

At the end of the experiment, blood was collected
from the experimental animals in sterile serum vacutain-
ers without anticoagulant by puncturing the abdominal
aorta using the same anesthesia. This method has also
been used by other authors in a similar experimental
setting (7). The blood was centrifuged at 1500 rpm and
distributed into groups, according to the amount need-
ed for the planned studies. Serum levels of MMP-9 were
determined using an immunological ELISA method at
the Department of Anatomy, Histology, Cytology and
Biology, Department of Biology - Pleven Medical Uni-
versity. To determine serum concentrations of MMP-9,
a kit with cat. no. RMP900 Rat was used, according to
the manufacturer's instructions (R&D systems).

Statistical methods

The SPSS 20 (SPSS Inc., Chicago, USA) statistical
package was used for the analyses. Data from the study
are described by tables, graphs and numerical values
for relative proportion - means * standard deviation
(SD). For inferences and conclusions when comparing
two mean ,unrelated” samples, parametric tests re-
quiring normal or close to normal distribution - T-test
were used. Non-parametric test - Mann Whitney (W)
was used for non-normal distribution when comparing
median values. The intensity of immunohistochemical
staining was determined semiquantitatively and was
evaluated according to the following scale:

0 - no staining; 1 - weak;

2 - moderate;

3 - strong (8, 9).

For all tests, a significance level of p<0.05 was ad-
opted.
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1. Histological study

Development of osteoporosis in the experimen-
tal animals was confirmed using hematoxylin-eosin
histological staining. In the animals with osteoporo-
sis, group G1 -OVX, the following was observed:
thinning of bone trabeculae and disruption of the
connection between them, reduction of bone mass
and reduced amount of bone marrow with fatty de-
generation (Fig. 1).

2. Immunohistochemical study of MMP-9 expres-
sion in bone tissue

MMP-9 expression in osteoclasts and in mononuclear
cells (in the marrow space) was significantly increased
in estrogen deficiency, which was observed in G1
(OVX) versus G2 (SHAM) osteoporosis group (p<0.05)
(Fig. 2). Table 1 shows the quantitative assessment of
MMP-9 expression in both groups of animals.

Histological study of the femoral bone.

Osteoporotic changes in bone tissue are shown in animals from the OVX group with osteoporosis compared
to the SHAM control group without osteoporosis. Hematoxylin and eosin staining. Mag. x 100. Bone trabeculae (T),

bone marrow (BM), fatty degeneration (F).

Quantitative

assessment of Gl V10
MMP-9 310
expression in
bone tissue 610
G2 410
&10
Legend:

HETeEIREEGCT Ha ONBETABAHETO '/ DponenET(%e) -

RRREE

"Intensity of staining of the immunohistological preparations according to the following scale:

0 - absent, 1 - weak, 2 - moderate and 3 - strong.

2Percentage of preparations according to the degree of staining.
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IHC staining of MMP-9 in femoral bone preparations in OVX and SHAM groups.

A variable MMP-9 immunoreactivity (moderate to strong) is shown in osteoclasts (on the surface of trabeculae)
and in mononuclear cells in the marrow space (arrows), light brown staining.
NK-negative control (missing IHC of MMP-9) Mag. x 100. (O-osteocyte, Oc-osteoclasts, BM-bone marrow,

T-trabeculae, F-fatty degeneration).
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**P<0.001
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Comparison of MMP-9 serum concentrations be-

Data are presented as mean and SD in ng/ml, n=10 OVX and

10 SHAM.

oVX SHAM

tween the OVX and SHAM groups.

3. Determination of serum concen-
trations of MMP-9
It was found that MMP-9 concentrations in G1
(5,67%1,72) ng/ml were significantly increased
compared to that in G2 (2,53+0,95) ng/ml,
(**p<0,001) (Fig. 3).
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Discussion

Various bone markers are tested in the diagnosis
of osteoporosis. They represent substances that enter
the circulation during the processes of bone remodel-
ling (10). In general, the study of bone turnover markers
aims to identify individuals at increased risk of fractures
and is necessary for monitoring the treatment of oste-
oporosis or other bone disease. Serum and urine bio-
chemical markers with high specificity and sensitivity
reflect the enzymatic activity of osteoblasts and osteo-
clasts or the products of bone tissue metabolism. They
provide information for understanding the complex
pathways of bone turnover. Studies done by Garnero
P., 2009, add to the classic markers of bone metabo-
lism and matrix metalloproteinases (11).

In our model of experimental estrogen-deficient
osteoporosis, MMP-9 activity in bone tissue was scored
indirectly based on its serum concentration and the ex-
tent of its immunohistochemical expression. The results
showed that the serum levels of MMP-9 and IHC ex-
pression were significantly increased in the G1 com-
pared to the G2 group (Figures 2 and 3). IHC in the
bone tissue visualized large multinucleated osteoclasts
on the resorption surface and in the marrow space,
showing specific staining for MMP-9 (Figure 3).

Similar results with increased expression of MMP-9
in the bone matrix and increased serum concentrations
in estrogen deficiency have been described both in ex-
perimental animals (3, 4, 12-14) and in women with
osteoporosis (15-17).

In our experiment, the increased serum concen-
tration of MMP-9 was probably due to the increased
expression in bone tissue. The pathophysiological
mechanism that may explain the obtained results is the
available estrogen deficiency in the OVX group, which
unlocks a vicious circle of stimulation of osteoclasto-
genesis. This is done through the production of pro-os-
teoclastogenic cytokines, such as tumor necrosis factor
alpha (TNF-a), interleukin-1 (IL-1), IL-4, IL-6, interferon
gamma (IFN-y), the receptor activator of nuclear factor
kappa - B ligand (RANKL) and reduction of expression
of osteoprotegerin-osteoclastogenesis inhibitory factor
(OPG) (15, 18, 19). Expression of RANKL plays a cen-
tral role in the pathogenesis of osteoporosis (14, 20).
All subclasses of the proliferative T-cells (CD8, CD4,
Th1 and Th2 cells) and the B-cell lineage (B-cell precur-
sors and mature B-cells) are involved in the induction
of the process. This is the reason why osteoporosis is
now referred to as not only an inflammatory disease,
but also an autoimmune disease (21). Endocrine imbal-
ance forms a local self-sustaining inflammatory process
in bone tissue, which leads to impaired production of
MMPs (18, 22). Osteoblasts are the target cells for the

effects of estrogens (23), and in their absence, various

matrix metalloproteinases (including MMP-9) are re-
leased, which are responsible for osteoclast bone re-
sorption (14, 24, 25). In the process of resorption, os-
teoclasts secrete CD44 and MMP-9. The CD44/MMP-9
complex formed on their cell surface stimulates the se-
cretion of active MMP-9 forms and osteoclast migra-
tion. Many authors have proved that the formation of
the CD44/MMP-9 complex represents a unique signal
enhancing osteoclast motility and activity (24, 26). From
the above, it is clear that the increased activity of osteo-
clasts increases the expression of MMP-9, which exerts
its degradative effect on the bone structure directly, as
well as through the increase in cytokine production. In
estrogen deficiency, MMP-9 activates osteoclasts de-
grading type-l collagen (13). Consequently, MMP-9 has
marked osteolytic activity (14, 18). In addition to estro-
gen deficiency osteoporosis, MMP-9 can be elevated
in other forms of osteoporosis, for example, hyperglu-
cocorticism (27), obesity (28), thyrotoxicosis, etc (29).
This confirms the thesis that MMP-9 is directly related
to the pathogenesis of osteoporosis.

Conclusion

Based on our research, we found that MMP-9 is a
marker for increased osteoclast activity in the absence
of ovarian function. In prolonged estrogen deficiency,
increased serum concentration of MMP-9 is associated
with increased expression of the enzyme in bone tis-
sue, leading to loss of BMD. Therefore, the presence
of elevated serum levels of MMP-9 may serve as a bio-
marker for the development of osteoporosis.
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B Hacmoawuua gokaag npegcmaBame gBa KAUHUYHU CAYYaa Ha NaUUEHMU CbC 3axapeH guabem mun 2 u
zamabcmaBare 6e3 uzBecmHo go momeHma 6b6peyHo 3aboaaBane, AekyBaHu ¢ 2al0ka2oH-NnogobeH nenmug 1
peuenmopet azoHucm (GLP-TRA) u ¢ unxubumop Ha HampueBo-eaoko3Hua ko-mpaHcnopmep 2 (SGLT-2i), kou-
mo no Bpeme Ha AedeHUEMO ca UmaAu enu3og Ha ocmpa 6bbpevuHa HegocmambuHocm. ToBa noBguea HAKOAKO
Bbnpoca 3a pucka om HexkeaaHu Cbbumua Npu AedeHue ¢ egHu om Hal-CbBpemeHHume aekapcmBa 3a 3axapeH
guabem mun 2 u 3amabcmaBare, kakmo u Heobxogumocmma om BHumameaHo npocaegaBaHe Ha obwomo
cbcmosaHue u 6OpeuHama pyHKUUA NpU Me3u nauueHmu.

Pazbupa ce, noaAzama om AedeHuemo ¢ me3u AekapcmBa HagBuwaBa mHo20KkpamHO pucka om me3u pegku
HexxeAaHu cbbumua, Koumo buxa moz2Au ga 6bgam uzbezHamu.

Karo4oBu gymu: 3axaper guabem mun 2, 3amabemaBarie, HexkeraHu AekapcmBeHu ecpekmu, npepeHasHa
azomemus, xunoBoaemun, 20pHO-guCneNMuUYeH CUHgPOM

BbBegeHue

INpe3 nocaegHume 2oguHu gBe HoBu 2pynu an-
muguabemHu npenapamu, peuenmopHU a2oHUCMuU
Ha 2AloKa2oH nogobern nenmug 1 (GLP-1RA) u uHxu-
6umopu Ha HampueBo-2AI0KO3HUA KO-mpaHcnopmep
2 (SGLT-2i), ce Haro)Kuxa npuopumemto B aeueHue-
mo Ha 3axapeH guabem mun 2 (DM2). MHo20 6bp30
Ce Hampynaxa gaHHU 3a mexHume CbpgeyHo-cbgoBu
u 666peuHu noas3u (1, 2). B pesyamam Ha moBa, me3u
MegukameHmu 3aexa yeaHo macmo B8 nocaegHume
npenopbku Ha AmepukaHckama AuabemHa Acouua-
uua (ADA) 3a AeveHue Ha nauueHmu ¢ 6bbpevHu

3aboanBaHua u cbpgeuHa HegocmMambyHOCM, He3a-
Bucumo om HaAu4yuemo UAU He Ha 3axapeH guabem
mun 2 (3). Hapeg ¢ moBa u3auzam cbobweHua om
peaAHama npakmuka, 3a KAUHUYHU cAaydau, B koumo
CmpaHuUYHUMe peakuuu Ha me3u MegukameHmu ca
goBeau go HexxeraHo ocmpo 6bbpeuHo yBperxgare
(AKI) (4-6). INpe3 2016 20g. Cucmemama 3a omuyuma-
He Ha HexkeaaHu AekapcmBeru cbbumusn (FAERS) kbom
AzeHuuama 3a KOHMPOA Ha XxpaHume u AekapcmBama
Ha CALL (FDA) uzgaBa npegynpekgeHue, ye SGLT-2i
Mmo2am pAa3Ko ga Hamaaam, obpamumo 6bOpeyHama
PyYHKUUA Npu hauueHmu 6e3 nogaexkaw,o 6vbbpeyHo-
3aboanBare (7). Vima HAaKoAKO HabAlOgeHUAa Ha MaKu-
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Ba HexkeaaHu epekmu U NPU NayUeHMU CbC 3aAMABC-
maBane, rekyBaHu ¢ GLP-1RA, nopagu moBa, ue pas-
peweHuemo um npu 3amabcmaBaHe e Beue pakm.
B mbpceHe Ha no-cuaeH xunoz2aukemudeH omezoBop,
Bce no-uecmo ce Haraza kKombuHupaHemo Ha gBama
MegukameHma no egHo U cbwo Bpeme npu eguH na-
uueHm. MaAko ca gbA2ocpouHume npoyuBaHus, oue-
HaBawu 6bOpeuHama hyHKUUA Ha POHA Ha AedeHue
¢ SGLT-2i u GLP-1RA, a owge no-maako ca oueHaBawu-
me AKI 8 peyamam Ha ma3u KkombuHauus.

KAuHuyeH cayvatl Nel

MpegcmaBen e cayual Ha ocmpo BaoweHa 6b06-
peyHa oyHKUUA npu nauueHmM ¢ DM2, 6e3 npegxox-
gawpo 6b6peuHo 3aboraBane, AekyBaH ¢ KomBuHUpa-
Ha mepanua om SGLT-2i (ganazaucpro3un), GLP-TRA
(cemazaymug) u mempopmuHoB npenapam.

KeHa Ha 56 2. c DM2 om 7 2., no npegxogHu go-
KYymeHmu ¢ HopmaaHa GbbpeuHa (hyHKuua C 2A0Me-
pyaHa gouampauus (eGDF-CKD EPI gpopmyaa) - 86ml/
min, cbC cbnbmMcmBawu apmepuasHa XxunepmoHus,
3amAabcmaBaHe ¢ uHgekc Ha meaecHa maca (BMI)
35 kg/m2 u gucaunonpomeuHemun, Ha AedveHue C
AanazaurozuH + Memdopmur (Xigduo) - 2 nbmu
gHeBHo no 5m2/1000m2 (om 3 2oguHu). boaHama no-
cmbnBa 6 kauHukama no noBog acmeHo-aguHamua u
cmomawHo-YpeBHu onaakBaHua kamo 2ageHe, noBpb-
ware u guapusa. OnaakBaHuama ca om gBa meceua
caeg gobaBare u Ha Cemazaymug 0,25 mke cegmuu-
HO, 3a no-edpekmuBHo oBragaBaHe Ha 3amabcma-
BaHemo, Kakmo U Ha 2AUKEMUYHUA KOHMPOA. 3a ap-
mepuaAHama xunepmoHua npuema AMAOQUNUH 5 m2
gHeBHo. Caeg 4 cegmuuu gozama Ha Cemazaymug
e yBeauveHa Ha 0,5 mke cegmuyHo, Koemo 3acuaBa
cmomawHo-upeBHume onaakBaHun, HO nauueHmka-
ma He MbPCU MeguuuHcka NOMOW, MblU Kamo He ce
yyBcmBa moakoBa 3ae. MNMopagu npegcmoawa NAaHoO-
Ba agpeHarekmomua Ha XOPOMOHO-Hecekpemupau
ageHoMm Ha AaBa HagbbbpeyHa kAe3a, ma cnupa npu-
AoxkeHuemo Ha GLP-TRA npegu onepauuama. Caeg-
Ba nepuog om 2 cegmuuu npegu onepauuama 6e3
noBpbwaxe u 2ageHe. Onepayuama npemuHaBa 6e3
YCAOXHeHUn, u3noa3BaHa e aanapockoncka mexHuka
U nauueHmMKama e gexocnumaAu3upaHa Ha mpemus
geH. [Nopagu gobpo obwo cbcmoaHue, nayueHMKa-
ma pewaBa ga 6b300H0BuU uHXKekuuume CbC cemae-
Aaymug 6 gosza 0.5 mke cegmuuHo. B caegBawume 10
gHU cmomawHo- ypeBHume onaakBaHua omHoBo ce
noaBaBam, ¢ no-cuaeH uHMeH3uUMem, go cmeneH 3a
HeBb3moxkHocm 3a u3zBbpwbBaHe Ha obuvalHu exxe-
gHeBHU 3agbaxkeHua. Bbnpeku HamareHOMO XpaHeHe
U pegykuua Ha me2ao om 7 Ke 3a hoCAegHUA meced,
nauueHmkama npogwbaxaBa npuema Ha Xigduo, kamo

camoBoaHo npeycmanoBaBa npuema Ha AMAOgUNUH,
nopagu HUCKO apmepuaAHo HaaseaHe. ABa gHu npe-
gu Xocnhumaausauuama, ma cnupa u aHmuguabemHusn
npenapam.

Cmamyc npu xochumaau3ayuama: KoHmakm-
Ha, agekBamHa, C 2eHepaAU3uUpaHO HamaAeH MYcCKy-
A€H MOHYC, C apmepuaAHo HaaszaHe 95/60 mm Hg,
cyxa koxka u AueaBuuu, cbpgeuHa yecmoma 90 yg./
MuH. He Gaxa pezucmpupaHu omkaoHeHus 6 gpyeu-
me opeaHu u cucmemu.

AabopamopHu u3cregBarusa: V3mepBanuama
Ha Ouoxumu4yHume nokazameau 6axa u3BbpweHu
B8 KauHnuuHa aabopamopua Ha GoaHuua Tokyga cbe
cucmemama Architect 8200 Sl Intergraded (,Abbot
Diagnostics”). CympuHma caeg HowHO 2ragyBaHe
ca B63emu npobu om BeHo3zHa KpbB 3a uzmepBaHe
Ha mupeocmumyaupawua xopmoH (TSH) upe3 uH-
gupeKkmeH XeMUAYMUHUCUEHMEH UMYHOaHaAu3 C
mukpoyacmuuu  (CMIA), agpeHokopmukomponex
xopmoH (ACTH) u naazmeH kopmuszoa. Om Hanpa-
BeHume aAabopamopHu u3zcaegBaHua ce ycmaHoBu
[MKK - aeBkouumu - 6,8 G/I, xemo2a0buH- 138 G/I;
xemamokpum - 0,501/, kpbBHa 3axap - 7,8 mmol/l
(3,6/6,1); HbA, - 7,2% (4/6); CRP- 23,0 mg/I (0/5);
mpuzaauyepugu - 5,2 mmol/l (0,6/2,0), LDL- xoa -
5,22 mmol/l (1,8/4,1), HDL-xoA - 1,2 mmol/I (1/2,1),
amunaza - 14U/l (13/53); aunaza - 38U/ (12/53), K
- 5,3 mmol/l (3,5/5,5); Na - 139 mmol/l (135/155);
obw, kaauul - 2,2 (2,2 - 2,6); HeopeaHuueH hocam
- 0,95 (0,78 - 1,65); AST - 27 U/I (0/34); ALT - 51
U/l (0/49), nukouHa kuceauHa - 674 pmol/l (0/460);
KpeamuHuH - 785,0 umol/l (49/90); eGFR-CKD EPI - 4
ml/min/1,73m?, ypea - 27,4 mmol/l (3,2/8,2); Aakmam
- 1,4 mmol/l (0,5/2,2); AKP- pH 7,34 (7,35/7,45);
pCO2 - 30mmHg (35/45); BEecf - (-9,6). Obwa ypu-
Ha: npomeuH (1+), 2atoko3a (omp.), kKemomeaa (omp.),
cegumeHm - 10 Leu u 4 Er. Ypokyamypa - 6e3 pac-
me>K Ha namoeeHHU MukpoopzaHuzmu. CbomHouwe-
Hue npomeuH-kpeamuHuH B ypuHama (UPCR) - 33,9
mg/l (0-17). TlaazmeH cympeweH kopmu3oa - 637,0
nmol/l (145/610); ACTH - 15,43 pmol/l (1,6/13,9);
TSH - 0,93 mU/I (0,5/4,78).

TepaneBmuyHo noBegeHue. Haauue ca Aabopa-
MOPHU gaHHU 3a 0CMpa NpepeHaAHa a3omemus ¢ Hop-
MaAHU eAeKMPOoAUMU U Aeka memaboAumHa auugo3a
¢ HeeamuBHU mMapkepu 3a KEMOHYPUA, AaKMamauugo-
3a u naHkpeamum, ¢ Aeko 3aBuweHu nokajameau 3a
akmuBHa uHgekuua. XopmoHaaHume u3caegBaHun
uzkatouBam xunepmupeougu3ibm u nocmonepamuBen
xunokopmuuu3bm. [Mpu nauyueHmkama ce u3kAtouu
npuao>keHue Ha HCIBC uau gpyau HedppomoKCuyHU
ArekapcmBa. MpoBege ce pexugpamauua ¢ BogHo-co-
AeBu pazmBopu 1,5/24h u aakaauzupane ¢ NaHCO3
- 30ml 8 nopBume 24u, npuroxu ce Ceftriaxon 2
g/24h i.v, Pantoprazol 4 mg/24h u Metoclopramid 30
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Jlo3aHoB, JIvuesap b. u lopueBa, JecucraBa U.

mg/24h iv, ¢ koemo o6womo cbCcmosaHue ce Nogo-
6pu, cmomawHo-upeBHume onaakBaHua om3Byuaxa
u nauueHmkama 6e 3axpaHeHa. Omueme ce cnag 6
HuBama Ha a3omHume meaa caeg 3 gHU, go cepymeH
kpeamuHuH 218 mcmol/l, eGFR - CKD EPI - 21 ml/min
(60-120) u ypea - 15,0 mmol/l. Caeg gexocnumaausa-
yuama, 6vbpeyHume nokazameau 6axa npocaegeHu,
Kamo ce omueme Hopmaau3zupaHe Ha ObOpeuHama
hyHKuua Ha 20-mu geH go CepymeH KpeamuHuH -
100 mcmol/l (62-115) u eGFR- CKD EPI - 65ml/min.

BoAHama NnpogbAXKU AeUeHUEMO CU CAeQg gexoc-
numaausayuama c Diaprel MR 60 me - 1,5 maba.,
npuemaHa egHOKPamHO CYMpPUH.

KAuHuyeH cayyal Ne2

INpegcmabBen e cayual Ha ocmpo 6bOpeyHo Ha-
pyweHue Npu nauueHm C KoHcmeaAauua Ha memabo-
AUMEH CUHgPOM C UHCYAuHoBa pezucmeHmHocm u
BucokocmeneHHo 3amAabcmaBare, ¢ npugpy>kaBawu
apmepuaAHa XxunepmoHusa, Xunepypukemuna u gucAu-
nugemusn, 6e3 uzBecmuo 6bOpeyHo 3aboaaBaHe cno-
peg aHamHe3a u npegxogHu u3caegBaxus.

Mok Ha 46 2. cbec 3amabecmaBane - BMI 39 kg/
m?, Ha obuualiHa mepanua ¢ MemdopmuH 3x1000
me u Pamunpua 5 me nopagu ycmaHoBeHu npegu 1
20guHa, 3aBuweH Homeostatic Model for Assessment
of Insulin Resistance (HOMA-IR index) - 11,8 (0/2,5)
npu 3ana3eH BbaaexugpameH MoaAepaHc ¢ kpbBHa
3axap Ha 2AagHO 5,3 MMOA/A U 2AUKUPaH XeMO2A06UH
HbATc - 5,6%, ¢ HOpmaaHa nokazameau 3a 6b6pey-
Ha cpyHkuua: kpeamuHuH 110 mkmoa/A, eGFR- CKD
EPI - 75 ml/min (60-120). Meceu, npegu xocnumaau-
3ayuama e 3anovHamo NPUAOXKeHue Ha Aupazaymug
(CakceHga), ¢ nocmenerHo noBuwabBaHe Ha gozama
go 3 m2 gHeBHO nogkoykHo. MocmbnBa 6 kauHukama
npe3 cnewHo 36eHo ¢ onAakBaHua oM MHO2OKpamMHu
noBpbwaxun, noBuwero uznomaBaxe, npumaraBaHe
u obwga crabocm.

AabopamopHu pezyrmamu ['KK: areBxkouumu
- 20,8 G/I, xemoarn0buH - 205 G/I; xemamokpum -
0,55l/I; xpvBHa 3axap - 8,9 mmol/l (3,6/6,1); HbA,_
- 5,4% (4/6); CRP - 4,29 mg/l (0/5); mpuaauuepugu
- 2,3 mmol/l (0,6/2,0), xonecmepoa - 3,8 mmol/l
(1,7/5,1), amunaza - 35U/l (13/53); aunaza - 54U/l
(12/53), K - 3,Tmmol/l (3,5/5,5); Na - 142mmol/I
(135/155); AST - 31U/l (0/34); ALT - 50U/l (0/49),
NUKoO4YHa KuceAauHa - 598,5 pmol/l (0/460); kpeamu-
HUH - 267,0 umol/l (49/90); eGFR - CKD EPI - 32
ml/min; ypea - 8,2mmol/l (3,2/8,2); AKP - pH 7,48
(7,35/7,45); BEecf - (1,2). Obwa ypuHa: npomeuH
(3+), eal0K03a (caegu), kemomeaa (caegu), cegumeHm
- 16 AeBkouuma u 4 epumpouuma. Ypokyamypa - 6e3
pacmex Ha hamo2eHHU MUKpoop2aHu3mu. Mukpoaay-
MuUHypua - 8,8 mg/24h; TSH - 0,73mU/I (0,5/4,78).

Tepane6muyHo noBegeHue. Haauue ca Aabopa-
MOPHU gaHHU 3a ocmpa azomemun Ha (poHa Ha ge-
xugpamauua C XeMOKOHUgHmpauus, pecnupamopHa
aAkano3a € Aeka xunokaauemusn, 3aBuweHa KpbBHa
3axap, 63ema He Ha 2AagHO, CAegU KemoHYypua u xunep-
ypUKemusn, C 2paHuYyHU NaHKpeamuyHu eH3umu, 0e3
gaHHU 3a UHGeKUUa UAU mupeougHa gucyHKUUA.
Mo Bpeme Ha npecmosa ce npeycmaHoBu npuema Ha
Memdopmur u Aupaeaymug, npoBege ce uHmeH3uB-
Ha xugpamauus ¢ 1,5 A/244 BogHo-coreBu pazmBopu,
KOMNEHCUpa ce XUNnokaAuemuama, NPUAO>KUXa ce aH-
muememuuHu u xunonypuHoBu cpegcmBa, 2acmpo-
npomekmopu u nayueHmbm cna3zBawe nocmeaeH
pe>kum. B kpaa Ha 5-ua geH ce omuyeme nogoOpeHue
Ha 0bwomo cbcmonHue U 6bOpeuHUMe nokazameadu,
go kpeamuHuH 110 mcmol/l (60- 120) u eGFR-CKD
EPI - 62 ml/min.

Auckycusg

Te3u KAUHUYHU cAydau nocmaBam HAkoAko Bb-
npoca omHocHo HoBume megukameHMU 3a AeveHue
Ha 3axapeH guabem mun 2 u 3amabcmaBaHe, kKakmo
u cBbp3aHume ¢ max cmpaHuyHU AekapcmBeHu peak-
uuu. Bvnpeku npegxoxkgawama 3ana3zeHa 6bb6peuHa
pyHKkuua u npu gBama onucaHu cAydan, HACMbNUAU-
me HeXXeAaHu 2acmpo-UHmecmuHaAHU onaAakBaHus,
BrowaBam ocmpo 6bOpeuHUMe nokazameau.

[Mpu kauHUYeH cayvau NeT - nauyueHmMKa CbC
3axapeH guabem mun 2 u aHmuguabemHo AeueHue
om 3 2oguHu cbc SGLT-2i u mem@OpMmuUH, CbC 3ana-
3eHa 6bbpeyHa oyHKUUA NO NocAegHU u3zcaegBaHus,
€ 2acmpouHmecmuHaaHu onaakBaHua caeg gobaBen
Kbm mepanuama GLP-1RA u ocbwecmBeHa 8 cowusa
nepuog naaHoBa agpeHarekmomus, 6axa obcepBupa-
HU HAKOAKO Bb3MOXKHOCMU 32 0OCMPO HacMbNuAama
6b0OpeyHa HegocmMambUYHOCM.

1) KaunuyHa u3zaBa Ha nocmonepamuBeH xuno-
KOpMuuu3bm;

2) Ocmbp 20pHO-gUCNENMUYEH CUHJPOM C
nocaregBawa ocmpa 6bbpevHa HegocmambyHOCM
(AKI), cBbp3aH ¢ 2acmpum, a3zBeHa 6oaecm uAu UH-
hekuus;

3) CaegonepamuBHo obycroBeHa guabemHa ke-
moauugo3a (caeg agpeHarekmomus);

4) AKI, cBbp3aHo ¢ BroweHa guabemHa Hedpo-
namusa u

5) MegukameHmo3Ho obycaroBerHo AKI.

BkatouBanemo Ha GLP-1RA 3a no-edpekmuBHo
oBragaBare Ha 3amabcmaBaHemo, Kakmo u Ha 2Au-
KeMu4HuUa KOHMpoA, kbm npoBexxgaHama SGLT-2i u
memdopmuHoBa mepanus, BepoamHo 3acuaBa xuno-
Boaemuama u 3acybama Ha obem nopagu nomeHuu-
paHe Ha noAuypusma, noBpbwaHemo u guapusma, a
6e3anemumuemo u pegykuuama Ha me2A0 NOMeHuU-
pam HamaAeH MYCKYAEH MOHYC U aguHamus, kamo
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nocaegHama ce 3acuaBa u om BmemHamua nocmone-
pamuBeH cmpec.

[Mpu kAuHu4YeH cayydau Ne2 - nauyueHm CbC
3amabcmaBade 2 cmeneH U uHcyauHoBa pesuc-
meHmHocm, Ha memdopmuHoBa mepanua, ¢ Hopmaa-
Ha 6bOpeyHa (hyHKUUA NO NpegxogHu u3caegBaHus,
gobaBaHemo Ha gonbAHUMEAeH aHmuobe3eH npe-
napam om e2pynama Ha GLP-TRA Bogu go u3pazeHu
2acmpoUHmMecmuUHaAHU onAakBaHua u peaucmupaHe
Ha agomemua u aguHamusa no cbwomo Bpeme. Caeg
uskatouBare Ha akmuBHa uHgekuyua u gpyaa npudu-
Ha 3a BAoweHama GbbpeuHa oyHKUUA, HACMBNUAU-
me 2acmpo-uHmecmuHaAHu onaakBaHus, goBeau go
gexugpamauun, ce aBaBam eguHcmBeHa npuvuHa 3a
peaucmupaHama ocmpa npepeHaaHa azomemus, npu
npegxoykgawia 3ana3eHa 6bbpeuHa pyHKuuA.

Cnopeg Ckarama Naranjo-4 (8) u 8 gBama cayuan
Ca HaAuuge HexkeAaHu AekapcmBeHu peakuuu, onucaHu
u 8 gpyau nybaukauuu npu mepanua Ha hauueHmu ¢
GLP-1RA (6). HanpaBeHuam aumepamypeH aHaau3 3a
u3zaBa Ha AKI npu aeverue ¢ SGLT-2i u GLP-1RA yc-
maHoBu, uye noBeuemo HebAazonpuamHu 6bOpeUHU
cbbumus ce cBbp3Bam c HacmbnBawa xunoBoremusn
(3a2yba Ha 0bBem), u/uau noauypus, pejyamam om
HeXkeAaHUme CmpaHUYHU 2aCmpouHMeCcmMuUHaAHU pe-
akuuu (noBpbuware, guapua) npu AedeHuemo ¢ me3u
npenapamu, BrowaBawyu u 6e3 moBa oepaHuueHua
6b6peyeH pezepB npu guabemuo 6oaHUMe. Om gpy-
2a cmpaHa, 3aeybama Ha mez2nao (ouakBaH edpekm u
npu gBeme 2pynu megukameHmu SGLT-2i u GLP-1RA)
U HexkeraHama HacAoXKeHa uHgekuun, noBuwaBam
NpomeuHypuama u gonpuHacam 3a goONbAHUMEAHO
3aBuwabaHe Ha a3omHUMe MmeAa.

Bbnpeku maankomo Ha 0OpoU HayyHu cbobuie-
HUA 33 YCAOXKHEHUA Npu AedeHuemo, obwume noaA3u
Ha me3u HoBu kaacoBe megukameHmMu ca goka3aHo
no-2oremu om eBeHmyaaHUMe cmpaHuYHU egekmu.
Kakmo uHxubumopume Ha SGLT-2i, maka u GLP-1RA
ce npenopbuBam kamo cpegcmBa Ha Bmopa AuHua
cAeg memOpMUH U npomeHu B HauduHa Ha >kuBom
npu navueHmu ¢ DM2, koumo ca ¢ noBuweH cbpgeu-
HO-CbgoB PUCK UAU gOKa3aHO XPOHUYHO ObOpeuHo
3aboaaBane (Xb3). Npu nauueHmume ¢ Xb3, npu Kou-
mo uma npomuBonokazaHue 3a SGLT-2i uau e Haauue
noHwkeHa eGFR ce npenopbuBa aeuerue ¢ GLP-TRA
(3, 9). Aeveruemo ¢ GLP-TRA npu nauyueHmu cbc
3amabcmaBare 6e3 guabem, ¢ goka3aHa UHCYAUHO-
Ba pesucmenmuocm u yepHogpobHa cmeamo3sa, ca
obekm Ha mekywu npoyuBaHua. Caeg cuaHo OGHa-
gekgaBawume pe3yamamu om npukAtoHUuAUME NPO-
yuBaHua DECLARE-TIMI 58 npe3 2019 2. u DAPA-CKD
npe3 2020 2., ganazaugAro3uH e nbpBuam SGLT-2i,
ogobpeH om FDA, goka3zaan 6e3npeuegeHmHO Hama-
AaBaHe Ha KOMOUHUpaHuUA KapguopeHaAeH puck Npu-
BrowabBaHe Ha HbOpeyHama pyHKUUA, HA CbpgeUHo-

cbgoBama uau 6bOpeuHa cMbpM Npu navueHmMu C
XB3, cbc u 6e3 DM2, 6 cpaBHeHue ¢ naauebo (10, 11).

Bce owge e 3azagka kak u 3awo SGLT-2i umam
6aazonpuameH edpekm Bbpxy 3ab6aBaHe pegykuus-
ma Ha eGFR u npegomBpamaBare npoepecuBHomo
6vbpeuHo yBpexxkgare, BkarouumearHo u AKI, Bvunpe-
Ku cbobweHuama 3a Bucok npoueHm Ha xunoBoae-
MUA, gexugpamauusa u UHgekuuu, koumo ca gobpe
u3zBecmHu puckoBu pakmopu 3a ocmpa npepeHaiHa
HegocmambuyHocm. Hakoako Bb3MOXKHU mexaHu3mu,
obacHaBawu 6razonpuamHume 6b6pevuHU edpekmu,
ca HamaaaBaHe Ha mybyaHama anonmo3a, no-Bucoku
HuBa Ha cbgoBua eHmMogeAaeH eHgomeAeH pacmeskeH
cpakmop (VEGF) kamo 3awumeH hakmop cpewy my-
6yaHa gpubposa (12), noBuwerHomo npouzBogcmbo
Ha epumpoNoemuUH, nomuckaHe Ha nepumybyaapHo-
mo Bb3nareHue u uznoazBaHemo Ha kemomeaama
Kamo aamepHamuBeH eHepaueH uzmouHuk (13, 14).
B gonbaHeHue, mema-aHaAau3, cpaBHaBaw, pucka om
AKI 8 pa3zauuHu kracoBe 2a0ko30-noHuKaBawu ae-
eHmu, ycmaHoBaBa, ye SGLT-2i HamaraBam pucka
om AKI, gokamo 3a GLP-1RA u uHxubumopume Ha
gunenmuguAa nenmugaza 4 (DPP-4) echekmbm e He-
ympaaeH (15).

GLP-TRA umam goka3aHo baazonpusmeH Cbp-
geyHo-cbgoB npodua, ycmaHoBeH B8 HAKOAKO 20Ae-
MU paHgomu3upaHu npoyuBaHua kamo SUSTAIN-6 u
PIONEER-6 (16). OcBeH nogobpeHume nokazameau
3a 20AeMU CbpgedHo-cbgoBu cbbumua, uma u goka-
3aHuU 6bOpeuHU noa3u, 2aaBHo upe3 HamannBaHe Ha
makpoarbymuHypuama (1, 17). B npoyuBane, npoBe-
gero B Hacoka AKI npu npuaoxkeHue Ha GLP-1RA (6),
e npegcmaBera mabauua B Evidex (Advera Health)
(18), kbgemo cemazaymug ce cBbp3Ba ¢ no-Bucok
koecpuyueHm Ha BepoamHocm (ROR) u uHgopma-
uuoHeH komnoHenm (IC) 3a pazBumue Ha AKI 8 cpabB-
HeHue c gpyau GLP-TRA, kamo gyaazaymug, Aupaz2ay-
mug, ek3eHamug u gp. ABmopume ymounaBam, ue
ROR u IC ce uzuucaaBam om cnoHmaHHo gokaagBaHa
UHPOpMAUUA, KOAMO He e HayvyHO UAU NO gpye Ha-
yuH npoBepeHa 3a npuduHHoO-cAegcmBeHa Bpb3ka u
3a moBa He mo2am ga 6bgam u3znoa3zBaHu 3a oueHka
Ha Yecmomama UAU OMHOCUMEAEH puck, KakKmo U 3a
cpaBHeHua mexxgy AekapcmBa, gopu 6 pamkume Ha
cbwua Kaac. B 3akaoueHue, uzcaegoBameaume npa-
Bam u3Bog, yue cemazaymug He e no-yecmo cBobp3aH
¢ AKI 8 cpaBherue ¢ gpyau GLP-1RA (19). B gokaag-
BaHu eguHuYHU KAUHUYHU caydau Ha AKI npu nauuer-
mu ¢ DM2, aekyBanu ¢ GLP-1RA u pa3Buau cmomaw-
Ho-upeBHu cumnmomu, e npoBegeHa guazHoCMUYHA
6b6peuHa Guoncua u ca HabaogaBaHu Kakmo ocmpo
myb6yaHo yBpexkgaHe, maka u NpomMeHU Kamo npu UH-
mepcmuuuaseH Hegppum (6), HO Npu Me3u cAydau e
UMaAO NPegxoXKgawo XpoHUUYHO 6bbpeuHo 3aboanBa-
He (XB3). MaAko ca onucaHume KAUHUYHU CAYYau Ha
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Jlo3aHoB, JIbue3ap b. u lopuyeBa, [lecucaaBa U.

AKI, 6e3 npegxoxxgawo Xb3. B kombuHupaHu npoyu-
BaHun 3a oueHka Ha CbpgeuHo-cbgoBu u gpyau gba-
20CPOYHU pe3yamamu CbC CemazAymug npu Auua
cbc DM2 (SUSTAIN-6) Hama gaHHu 3a BaowaBaHe Ha
6bOpeyHama PyYHKUUA UAU NPOMEHUME Ca Hecu2HU-
dpukaHmHu (20).

3akAaloyeHue

Ob6e3nokoumeAeH e akmbm, 4Ye cAyyaume,
cBbp3aHu ¢ AKI caeg ynompeba Ha SGLT-2i u GLP-
TRA, mozam ga umam cepuo3HU HebAazonpuamHu
nocaeguuu, BkalouumeAaHo u Heobxogumocm om xe-
moguaau3a. BepoamHocmma 3a HamaaeH GbbOpeuyeH
pe3epB u guabemHa Hedpponamua npu guabemuo 6oAHU-
me e 2oaama, npegBug namozeHe3ama Ha 3aboaaBa-
Hemo. AeuyeHuemo C aHmuguabemHu npenapamu,
Bogewu go 3azyba Ha obem, gexugpamauua u Hac-
AOXKEHU UHEKUUU Kamo HeXeAaHu AekapcmBeHu
epekmu, Haraza ocobeHo BHuMaHue Npu MAXHOMO

HUA HAaYUH!

Kaunuka, Wakyrmem, YHuBepcumem, epag
lMpegcmaBaw; aBmop - nogyepmaHo ume

Hama ¢popma 3a npegcmabate.

PvkoBogcmBo Ha BAE

NPUAOXKEHUE CamocmoameAHo uAu B KombuHauus,
He3aBucumo gaAau nauyueHmbM e C uAau 6e3 npeg-
xoxkgawo Xb3. NMayueHmume caegBa ga 6bgam uH-
hopmupaHu 3a Bb3MOXKHUME HEXKEAAHU CMpPAHUYHU
peakyuu om AevyeHUemoO C Me3u MegukameHmu u
o6yuyeHu 3a maxHomo HaBpemeHHO pazno3HaBaHe u
oBaagaBate.

MauueHmume caegBa ga ce npegynpexxgaBam
u 3a Bb3moKHUME U >KeaaHu uzBbHguabemHu edek-
mu Ha Me3u megukameHmu, a umeHHo Bbpxy apme-
puaAHOMO HaAA2aHe U anemuma, Koumo moXe ga
HaAoXKam Kopekuus Ha npugpyrkaBawama aHmuxu-
nepmeH3uBHa u aHmuguabemHa mepanus. Nauuen-
mume, npoBexxgawu AeveHue ¢ SGLT-2i u GLP-1RA,
ce HYKgasm om no-decmu Buzumu npu Aekap-eHgo-
KPUHOAO2, Kakmo u AabopamopHu u3zcaegBaHua 3a
OUEeHKa Ha cbpgevyeH cmamyc u 6bbpeyHa yHKUUS,
c o2reg HaBpemeHHa KOpekuus Ha AedyeHuemo npu
BrowabBaHe Ha 0OWO cbCcmMoAaHue uAu Ha ObOpevHu-
me noka3ameau.

UsuckBaHug 3a pesiome 3a yyacmue B HayuoHaneH koHzpec no
eHgokpuHonozug, 12-14 okmomBpu 2023 2., [paHg xomea MaoBguB

3a yyacmue 6 HauuoHaAHUA KOH2pec No eHgoKpuHoAozua ¢ npegcmaBaHe Ha gageHa mema mpab-
Ba ga ce kaHgugamcmBa ¢ pe3iome, omezoBapawo Ha caegHume u3uckBaHua: eguHcmBeH napazpad;
cmpykmypa BwvBegerue, Lleau, Mamepuar u memogu, Pesyamamu, 3akaoueHue; wpugpm Times New
Roman, pagmep 11 nyHkma, uHmepBan ,single-spaced”; mepHu eguHuyu 8 cucmema SI; makcumym 350
gymu, 866 popmam MS Word (.doc uau .docx) u ga ce ugnpamu no eAeKMpoHeH N'bm Ha bbA2apcku u
aH2AUUCKU e3UK Ha nocoyeH om opzaHu3zamopume E-melia agpec.

Aa ce cmangapmusupa u3znucBanemo Ha 3azaaBuemo, aBmopume u UHCMUMYyUUAMA UM NO CAEg-

3ATAABUE - pasmep 12 nynkma, ygebeneHu 2naBHu bykBu, B cpegama Ha pega
®amuano ume MHNLUMAANY, ®amuaro ume MHUUKMAAIN?, ®amuano ume THVLIMAAIAG

Mog mo3u mekcm ga ce nocoyam aBmop 3a koHmakm (ume, E-melia agpec) u xxeaaHama cpopma
3a npegcmaBaHe - ycmHo cbobweHue uAU hocmep (Yacm om nocmepume npu mexHuvecka Bb3MoXx-
HOCM mo2am ga ce npegcmaBam ycmHo 6 pamkume Ha 3-5 muHymu 6 gonbAHUMEAHA cecus).

CneuyuaaHa Kkomucusa we o6cbgu u Kaacupa 3aaBeHume pe3iomema cnopeg akmyaaHOCM/3Hauu-
Mocm Ha mamepuaaa u cna3Bare Ha 2openocouveHume u3zuckBaHua, Kamo we onpegeau u cbomBem-

Cpok 3a uznpawjaHe Ha pe3ztomema: om 01.03.2023, 0:00 4. go 30.06.2023, 23:59 u..
ABmopume we 6bgam yBegomeHu 3a pejyamama/ogobpeHuemo Ha pe3jlomemama C gONbAHU-
MeAHU ymouHeHus no npegcmaBaHemo um no eaekmpoHeH nbm go 20.07.2023 2.
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In our report, we present two clinical cases of patients with type 2 diabetes mellitus and obesity, without any
previously known renal disease, treated with glucagon-like peptide 1 receptor agonist (GLP-1RA) and with sodi-
um-glucose transporter 2 inhibitor (SGLT-2i), who during the treatment had an episode of acute renal failure. This
raises several questions about the risk of adverse events in treatment with some of the most modern drugs for type
2 diabetes and obesity, and the need for careful monitoring of the general condition and renal function in these

patients.

Of course, the benefit of treating with these drugs outweighs many times the risk of these rare adverse events

that can be avoided.

Key words: diabetes mellitus type 2, obesity, adverse drug effects, prerenal azotemia, hypovolemia, upper

dyspeptic syndrome

Introduction

In recent years, two new groups of antidiabetic
drugs, glucagon-like peptide 1 receptor analogs (GLP-
1RA) and sodium-glucose transporter 2 inhibitors
(SGLT-2i), have become primary in the treatment of
type 2 diabetes mellitus (DM2). Evidence for their car-
diovascular and renal benefits quickly accumulated (1,
2). As a result, these medications have been at the fore-
front of recent recommendations by the American Di-
abetes Association (ADA) for the treatment of patients
with kidney disease and heart failure, regardless of the
presence or absence of type 2 diabetes mellitus (3).
However, there are reports from real practice about
clinical cases in which the side effects of these medi-

cations led to an unwanted acute kidney injury (AKI)
(4-6). In 2016, the US Food and Drug Administration's
(FDA) Drug Adverse Event Reporting System (FAERS)
issued a warning that SGLT-2i can acutely and revers-
ibly decrease kidney function in patients without un-
derlying kidney disease (7). There have been several
observations of such adverse effects in obese patients
treated with GLP-1, due to the fact that their permis-
sion in obesity treatment is already a fact. In search of a
stronger hypoglycemic response, it is increasingly nec-
essary to combine both medications simultaneously in
one patient. There are only few long-term studies eval-
uating renal function following treatment with SGLT-2i
and GLP-1RA, and even fewer evaluating renal function
after AKI resulting from this combination.
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Clinical case Nel

Rapid worsening in the kidney function in a patient
with DM2 without previous renal disease, treated with
a SGLT-2i (dapagliflozin), GLP-1RA (semaglutide) and a
metformin medication.

A 56-year-old woman with DM2 for 7 years, ac-
cording to previous documents with intact kidney
function with glomerular filtration (eGDF-CKD EPI for-
mula) - 86 ml/min, with accompanying arterial hyper-
tension, obesity with a body mass index (BMI) of 35
kg/m2 and dyslipoproteinemia, who was treated with
Dapagliflozine + Metformin (Xigduo) 5 mg/1000 mg
twice daily (for 3 years) presented to the clinic with
astheno-adynamia and gastrointestinal complaints,
such as nausea, vomiting, and diarrhea. The complaints
had been present for two months, after starting treat-
ment with Semaglutide 0,25 mcg weekly, added to
the current antidiabetic therapy, to strengthen the an-
tiobesity and hypoglycemic effect of the therapy. For
arterial hypertension, the patient takes Amlodipine 5
mg daily. After 4 weeks, the dose of Semaglutide was
increased to 0,5 mcg per week, which aggravates the
gastrointestinal complaints, but the patient did not seek
medical attention because she did not feel that bad.
Due to an upcoming planned adrenalectomy for a hor-
mone-nonsecreting adenoma of the left adrenal gland,
she stopped the GLP-1RA before surgery. A period of
2 weeks followed, before the operation, without vom-
iting and nausea. The operation went without compli-
cations, a laparoscopic technique was used and the
patient was dehospitalized on the third day. Due to her
good general condition, the patient decided to resume
Semaglutide injections at a dose of 0,5 mcg per week.
In the next 10 days, the gastrointestinal complaints re-
appeared, with greater intensity, to the point of it being
impossible to perform her usual daily duties. Despite
a reduced diet and weight reduction of 7 kg in the
previous month, the patient continued to take Xigduo,
voluntarily stopping Amlodipine due to low blood pres-
sure. Two days before hospitalization, she also stopped
the antidiabetic drug.

Status at hospitalization: Contact, adequate, with
generalized reduced muscle tone, arterial pressure
95/60 mmHg, dry skin and mucous membranes, heart
rate 90 beats/min. No abnormalities were registered in
any other organs and systems.

Laboratory data: Measurements of biochemical in-
dicators were performed in the Clinical Laboratory of
Tokuda Hospital with the Architect 8200 SI Intergrad-
ed system (,Abbot Diagnostics”). In the morning after
an overnight fast, venous blood samples were taken
to measure thyroid-stimulating hormone (TSH) by mi-
croparticle indirect chemiluminescent immunoassay
(CMIA), adrenocorticotropic hormone (ACTH), and

plasma cortisol. The laboratory tests were as follows -

leukocytes - 6,8 G/I, hemoglobin - 138 G/I; hemato-
crit - 0,50 I/1, blood sugar - 7,8 mmol/I (3,6/6,1); HbA,_
- 7,2% (4/6); CRP- 23,0 mg/l (0/5); triglycerides - 5,2
mmol/I(0,6/2,0), LDL-chol-5,22 mmol/I (1,8/4,1), HDL-
chol - 1,2 mmol/l (1/2,1), amylase - 14 U/l (13/53);
lipase - 38U/l (12/53), K - 5,3 mmol/I (3,5/5,5); Na -
139 mmol/I (135/155); total calcium - 2,2 mmol/I (2,2
- 2,6); inorganic phosphate - 0,95 mmol/I (0,78 - 1,65);
AST - 27 U/I (0/34); ALT - 51 U/I (0/49), uric acid -
674 umol/l (0/460); creatinine - 785,0 umol/I (49/90);
eGFR-CKD EPI - 4 ml/min/1,73m?, urea - 27,4 mmol/I
(3,2/8,2); lactate - 1,4 mmol/1 (0,5/2,2); AAB - pH 7,34
(7,35/7,45); pCO2 - 30 mmHg (35/45); BEecf- (-9,6);
Total urine: protein (1+), glucose (negative), ketobodies
(negative), sediment - 10 Leu and 4 Ery. Uroculture -
no growth of pathogenic microorganisms. Urinary pro-
tein-creatinine ratio (UPCR) - 33,9 mg/l (0-17); plasma
morning cortisol - 637,0 nmol/l (145/610); ACTH -
15,43 pmol/l (1,6/13,9); TSH - 0,93mU/I (0,5/4.78).

Therapeutic behavior. There was laboratory ev-
idence of acute prerenal azotemia with normal elec-
trolytes and mild metabolic acidosis with negative
markers for ketonuria, lactic acidosis, and pancreatitis,
with slightly elevated indicators of active infection. Hor-
monal tests excluded hyperthyroidism and postopera-
tive hypocorticism. The patient was excluded from the
use of NSAIDs or other nephrotoxic drugs. Rehydra-
tion with water-salt solutions 1,5 1/24 h and alkalization
with NaHCO3 - 30ml was carried out in the first 24
hours, Ceftriaxon 2 g/24 h i.v., Pantorazol 4 mg/24h
and Metoclopramide 30 mg/24h i.v were administered,
as a result of which the general condition improved,
the intestinal complaints subsided and the patient was
fed. A drop in nitrogen body levels was reported after
3 days to serum creatinine 218 mcmol/l, eGFR - CKD
EPI - 21 ml/min (60-120) and urea - 15,0 mmol/I. After
discharge, renal parameters were followed-up, report-
ing normalization of renal function on day 20 to serum
creatinine - 100 mcmol/l (62-115) and eGFR-CKD EPI
- 65 ml/min.

The patient continued her treatment after dis-
charge from the hospital with Diaprel MR 60 mg - 1,5
tablets, taken once in the morning.

Clinical case Ne2

A case of acute renal failure in a patient with a con-
stellation of metabolic syndrome with insulin resistance
and high degree of obesity, with accompanying arterial
hypertension, hyperuricemia and dyslipidemia, without
known kidney disease by history and previous tests.

A 46-year-old male with obesity, and BMI 39 kg/
m?, on usual therapy with Metformin 3x1000 mg and
Ramipril 5 mg, due to an elevated Homeostatic Model-
for Assessment of Insulin Resistance (HOMA-IR index)
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- 11,8 (0/2,5) established 1 year previously, with pre-
served carbohydrate tolerance - (fasting blood sugar
of 5,3 mmol/I and glycated hemoglobin HbA,  5,6%),
with normal renal function - creatinine 110 pmol/I,
eGFR - CKD EPI - 75 ml/min (60-120). A month before
hospitalization, administration of Liraglutide (Saxenda)
was started, with a gradual increase to the dose to 3 mg
per day subcutaneously. He was admitted to the clin-
ic through the emergency department with complaints
of repeated vomiting, increased sweating, sinking and
general weakness.

Laboratory results. CBC: Leukocytes - 20,8 G/I, he-
moglobin - 205 G/I; hematocrit - 0,55 I/I; blood sugar
- 8,9 mmol/l (3,6/6,1); HbA,_- 5,4% (4/6); CRP - 4,29
mg/l (0/5); triglycerides - 2,3 mmol/l (0,6/2,0), choles-
terol - 3,8 mmol/l (1,7/5,1), amylase - 35U/l (13/53);
lipase - 54U/1 (12/53), K - 3,1 mmol/I (3,5/5,5); Na -
142 mmol/l (135/155); AST - 31U/ (0/34); ALT - 50
U/1(0/49), uric acid - 598,5 umol/Il (0/460); creatinine
- 267,0 pmol/l (49/90); eGFR - CKD EPI - 32ml/min;
urea - 8,2mmol/l(3,2/8,2); AAB - pH 7,48 (7,35/7,45);
BEecf - (1,2); Total urine: protein (3+), glucose (trac-
es), ketobodies (traces), sediment - 16 leukocytes and
4 erythrocytes. Uroculture - no growth of pathogenic
microorganisms. Microaluminuria - 8,8 mg/24h; TSH-
0,73mU/I (0,5/4,8).

Therapeutic behavior. There was laboratory ev-
idence of acute azotemia due to dehydration with
hemoconcentration, respiratory alkalosis, with mild hy-
pokalemia, elevated non-fasting blood sugar, traces of
ketonuria, and hyperuricemia, with borderline pancre-
atic enzymes, without evidence of infection or thyroid
dysfunction. During the hospitalization, Metformin and
Liraglutide were discontinued, intensive hydration with
1,5 L/24 h water-salt solution was carried out, hypo-
kalemia was compensated, antiemetic and hypopurine
agents, gastroprotectors were administered, and the
patient observed bed rest. At the end of the 5th day,
an improvement in the general condition and renal pa-
rameters was reported, with a drop in creatinine to 110
mcmol/l (60-120) and eGFR-CKD EPI - 62 ml/min.

Discussion

These clinical cases raise several questions regard-
ing the new medications for the treatment of type 2 dia-
betes mellitus and obesity, as well as the associated side
effects. Despite the previous preserved renal function in
both described cases, the adverse gastrointestinal com-
plaints that occurred worsened the renal parameters.

In clinical case Ne1, a patient with type 2 diabe-
tes mellitus, and antidiabetic treatment for 3 years with
SGLT-2i and metformin, with preserved renal function,
according to the last tests, with gastrointestinal com-
plaints after GLP-1RA added to the therapy, and carried

out in the same period planned adrenalectomy, several
possibilities for acute renal failure were observed:

1) Clinical manifestation of postoperative hypoco-
rticism,

2) Acute upper dyspeptic syndrome with subse-
quent acute renal failure (AKI) associated with gastritis,
ulcer disease or infection,

3) Postoperative (adrenalectomy)-induced diabet-
ic ketoacidosis,

4) AKI associated with aggravated diabetic ne-
phropathy and

5) Drug-induced AKI.

The inclusion of GLP1RA, as an additional antiobe-
sity and hypoglycemic drug, to ongoing SGLT-2i and
metformin therapy probably exacerbates hypovolemia
and volume loss, due to potentiation of polyuria, vom-
iting, and diarrhea, and anorexia and weight reduction
potentiate decreased muscle tone and adynamia. which
is also potentiated by the inserted postoperative stress.

In clinical case Ne2, a patient with 2" degree obe-
sity and insulin resistance, on metformin therapy, with
normal renal function according to previous studies,
the addition of an additional antiobesity drug from the
GLP-TRA group led to pronounced gastrointestinal
complaints and registration of azotemia and adynamia
at the same time. After excluding an active infection
and other causes of the deteriorated renal function,
the gastrointestinal complaints that occurred leading
to dehydration appeared to be the only cause of the
registered acute prerenal azotemia, with previous, doc-
umented, intact renal function.

According to the Naranjo-4 Scale (8), in both cas-
es there were adverse drug reactions, also described
in other publications, in the treatment of patients with
GLP-TRA medications (6). A literature review of the
occurrence of AKI in SGLT-2i and GLP-1RA treatment
found that most adverse renal events were associated
with hypovolemia (volume loss) and/or polyuria result-
ing from gastrointestinal side effects (vomiting, diar-
rhea) in the treatment with these preparations, worsen-
ing the already limited renal reserve in diabetic patients.
On the other hand, weight loss (an expected effect with
both SGLT2i and GLP-1RA drug groups) and unwanted
superimposed infection increase proteinuria and con-
tribute to further deterioration of nitrogen bodies.

Despite the paucity of scientific reports of treat-
ment complications, the overall benefits of these new
classes of medications have been shown to outweigh
potential side effects. Both SGLT-2 inhibitors and GLP-
1 receptor agonists are recommended as second-line
agents after metformin and lifestyle changes in patients
with DM2 who are at increased cardiovascular risk or
have proven chronic kidney disease (CKD). GLP-TRA
treatment is recommended in patients with CKD who
have a contraindication to SGLT-2i or who have a re-
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duced eGFR (3,9). Treatment with GLP-1RA in non-diabet-
ic obese patients with proven insulin resistance and
hepatic steatosis is the subject of ongoing studies.

Following the highly encouraging results of the com-
pleted DECLARE-TIMI 58 trials in 2019 and DAPA-CKD
in 2020, dapagliflozin is the first FDA-approved SGLT-2 in-
hibitor to demonstrate an unprecedented reduction in the
combined cardiorenal risk of worsening kidney function,
of cardiovascular or renal death in patients with CKD, with
and without DM2, compared with placebo (10,11).

Itis still a mystery how and why SGLT-2i have a ben-
eficial effect on delaying eGFR reduction and preventing
progressive kidney damage, including AKI, despite re-
ports of high rates of hypovolemia, dehydration, and in-
fections, which are well-known risk factors for acute pre-
renal failure. A few possible mechanisms explaining the
beneficial renal effects are a reduction in tubular apop-
tosis, higher levels of vascular endothelial growth factor
(VEGF) as a protective factor against tubular fibrosis (12),
increased production of erythropoietin, suppression of
peritubular inflammation, and the use of ketobodies as
an alternative energy source (13,14). In addition, a me-
ta-analysis comparing the risk of AKI in different classes
of glucose-lowering agents found that SGLT-2i reduced
the risk of AKI, whereas for GLP-1RA and dipeptidyl pep-
tidase 4 (DPP-4) inhibitors the effect is neutral (15).

GLP-TRA have a proven favorable cardiovascular
profile found in several large randomized trials such
as SUSTAIN-6 and PIONEER-6 (16). In addition to im-
proved rates of major cardiovascular events, there are
also proven renal benefits, mainly through reduction of
macroalbuminuria (1, 17). In a study conducted on AKI
with GLP-1RA (6), a table was presented in Evidex (Ad-
vera Health) (18) where semaglutide was associated
with a higher odds ratio (ROR) and information com-
ponent (IC) for the development of AKI compared to
other GLP-1, such as dulaglutide, liraglutide, exenatide,
etc. The authors specify that ROR and IC are calculated
from self-reported information that has not been scien-
tifically or otherwise tested for causality and therefore
cannot be used to estimate incidence or relative risk
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2apCku U aH2AUUCKU e3UK - ume, mecmopaboma,
NOWEHCKU U eAeKMPOHEH agpec.

Pe3iome
Pesiomemo ce npegcmaBa Ha omgeAHa
cmpanuya 8 o6em go 250 gymu. To mpabBa ga
Obge cmpykmypupaHo kakmo caegBa: uea, ma-
MepuaAu u Memogu, pe3yamamu u 3akAtoHeHuA.
Tazu cmpykmypa He Baxu 3a 0630pHUMe cma-
muu. NMocouBam ce go 5 katouoBu gymu.

OcHoBen mekcm
OpuzuHaaHume cmamuu mpabBa ga ca
cmpykmypupaHu kakmo caegBa: BbB8egerue, ma-
mepuaA U Memogu, pe3yamamu, ob6cbXKgare,
3akAloueHue u/uau u3zBogu. B mekcma ce gonyc-
Kam camo O(UUUAAHO NpUemu MeXgyHapogHu
CbKkpaweHua, ocmadaaume mpatBa 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

Each table should be on a separate page after
the bibliography with the table caption preceding
it. All illustrations should be submitted as separate
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YkasaHug 3a aBmopume

Instructions to authors

noacHeHu 8 mekcma npu nbpBama um noaBa. 3a
MEPHUME eguHUUU € 3agbAXKUMmeAHa MeXgyHa-
pogHama cucmema SI. Llumamume Bvmpe 6
mekcma ce ombeaazBam camo ¢ Homepama um B
KHU20NUCa, 02pageHu C MaAku CKOOU.

TabAuyu u uaArocmpauyuu

Bcaka mabauua ce npegocmaBa Ha omgea-
Ha cmpaHuua caeg kHuz2onuca. 3azaabuama Ha
mabauuyume ce uznucBam Hag max. Malocmpauu-
ume ce npegcmaBam Ha omgeaHu ¢ataoBe. pa-
duku u guazpamu ce npegocmadam 666 dopma-
mu xls (MS Excel), .ppt (MS PowerPoint), .eps
(encapsulated postscript), koumo no3zB8oaaB8am
pegakmupaHe. CHumku (cobcmBenu), kKakmo u
penpogykuuume Ha noa3zBaHu om yyxgu uzmou-
Huuu om MumepHem ga 6bgam npegcmabanu ¢
gobpo kauecmBo 666 popmam JPEG u pe3onio-
yua 300 dpi. Tekcmbm KbmM uAlOCMpaguume ce
npegcmaBa B kpaa Ha ocHOBHUA mekcm, caeg
mabauuume. Homepauuama Ha mabauuyume u
uAloCcmpayuume e ¢ apabcku uugpu u ce Nocou-
Ba 6 ocHoBHua mekcm. [Mpu u3znoa3zBaHe Ha
yykg uastocmpamuBeH mamepuaa, nOCAEgHUAM
mpabBa ga 6bge npugpyxeH cbc cbomBemHo
cbeaacue 3a Bb3npousBexxkgaHe om Hocumean Ha
aBmopckume npaBa. ToBa ce ykazBa 8 mekcma
KbM UAIOCMpayuama.

KHuz2onuc

Knueonucbm ce npegcmaBa Ha omgeaHa
cmpaHuua. bpoam Ha uumupaHume uzmouHuyu
e npenopbyumeAHo ga He HagxBbpaa 25 (3a 06-
3opHume cmamuu 40) kamo caegBa ga BkaouBa
aKmyaAHU U3MOYHUUU OM nocaegHume 5 20gu-
HU, Kakmo u nybAukayuu om Gbaz2apcku aBmopu,
pabomuau no cbomBemuusa npobaem. Mogpex-
gaHemo Ha uzmouHuuyume ga cmaBa no pega Ha
noaBa B8 mexkcma. KHuzonucbm ce opopma cbe-
AacHo YHudpuuupaHume u3uckBanus 3a nybauka-
uuu B8 o6aacmma Ha GuoAo2uaAMa U MeguuuHama
u e onpocmena Bepcua Ha cmua BankyBoup (http:
//www. ncbi. nlm.nih. gov/pmc/ articles/ PMC
3142758/). Bcuuku aBmopu ce ombeaazBam c
hamuAHO ume, nocaegBaHo om uHUUUAAUME.
IMpu noBeue om wecm aBmopu, caeg wecmusa ce
nocmaBsa et al. CaegBa uaromo 3azaaBue Ha uu-
mupaHama cmamus (c 2aaBra 6ykBa e camo Ha-
YyaaHama gyma), HazBaHue Ha cnucaHuemo u3nu-
caHo cbkpameHo cnopeg Index Medicus, 2o0guHa,
mom, 6pol Ha kHuxkkama B maaku ckobu (He3a-
gbAKUMEAEH NPU U3gaHUA C HENPEKbCHAMO

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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HOMepupaHe Ha cmpaHuuyume 6 moma), NbAHU
HayaAHa u KpalHa cmpaduua. MaBu (pa3geau)
om KHu2u ce u3znucBam no aHarO2UYEH HauuH,
kamo cAaeg aBmopa u 3azaaBuemo Ha 2aaBama
(pazgena) ce ombeaazBam umeHama Ha pegakmo-
pume, nbAHOMO 3azAaBue Ha KHU2ama, u3gamen-
cmBomo, 2pagbm u 2oguHama Ha u3zgaBane, Ha-
YyaAHama u kpatiHama cmpaHuua. Vi3mouHuyume
Ha Kupuauua caegBa ga 6vbgam npegcmaBeHu u ¢
opueuHaaHua um npeBog Ha aHa2AulCKU UAU
mpaHcAumepauua (ako U3mMoYHUKbBM HAMA Opu-
2uHareH npeBog Ha 3azaaBuemo u pe3iome Ha aH-
2aulicku) u cbe 3abeaexka 8 ckobu (in Bulgarian).
KHu2onucbm Ha op2uHaAHUMeE cmamuu ce omne-
yamBa caeg aHzaulckuA mekcm.

Mpumepu:

Cmamusa om cnucaHue:

1. MclLachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? | 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, F'oueBa H, INemkoBa M, 3axapu-
eBa C, OpbeuoBa M u cvaBm. KoHceHcyc Ha
bbAzapckua uHcmumym ,MemaboAumeH cuH-
gpom” 3a noBegeHue npu memaboAumeH CUHg-
pom. Hayka Engokpurnonoeua 2010; 2: 53-70).

Ia6a (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.

Mamepuarume mpa66a ga ca HanucaHu Ha
npaburen 6wvrzapcku, pecnekmuBHO aHzAUGCKU
e3uk npu cnazBane Ha cbBpemennume npabBuna 3a
npaBonuc u nyukmyayua. lpenopvyumenno e ab-
mopume ga KOHCYAMupam aHzAulCKUA MmeKcm C
guroroz uau aHzaozoBopaw. Pegakyuama mosxe
ga Hacoyu kem kBaauguyupanu npeBogayu 3a
npeBog uau pegakmupaHe Ha mamepuaaume Ha
aHZAULCKU e3uK cpewjy 3ansaujane. Mamepuaau,
Koumo He omzoBapam Ha uzuckBanuama Ha cnu-
canuemo, ce Bpwvujam Ha aBmopume 3a kopexkyuu
npegu ga 6bgam npegageHu 3a peyeH3zupaHe.

(XpucmoB Ba, FoueBa H, lNemkoBa M, 3axapueBa
C, OpbeuoBa M u cvaBm. KoHceHcyc Ha bbazap-
cKua uHcmumym ,MemaboAumeH cuHgpom” 3a
noBegeHue 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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