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Ob3op /Review

HoBocmu B mexHono2uume 3a AeyeHue u koHmpoa Ha mun 1 guabem

KoncmanmunoB8a, Maa M., Ca6o6a, Pagka Xp., ApwunkoBa, Mapzapuma A.
Kamegpa no MNMeguampus, Meguuurcku Makyamem, MeguuuHcku YHuBepcumem, Cocpus

Technological News in Treatment and Control of Type 1 Diabetes

Konstantinova, Maia M., Savova, Radka Hr., Arshinkova, Margarita A.
Department of Pediatrics, Medical Faculty, Medical University, Sofia

Pe3iome

INpegcmaBame kpambk 0630p, nocBemeH Ha
Hanpegbka 8 mexHoaozuume, cBbp3aHu c nogobps-
BaHe u yaecHaBaHe AedeHUEeMO U KOHMpOAA Ha 3a-
xapHua guabem. lNpe3 2016 2. H30OK 3anouyHa ga
3anAawa koHcymamuBume 3a AeveHue C UHCYAUHO-
Bu nomnu, Koemo Haraza no-wupoko ocBegomaBa-
He Ha Hawama eHgOKpPUHOAO2UYHa obwHocm 3a
npegumcmBama u ocobeHocmume npu AeveHue C
uHcyauHoBa nomna.

Om gpyea cmpaHa, HenpekbCcHamomo Npo-
cAegaBaHe Ha 2AUKeMUYHUME KoAeDaHua upes3 2Ato-
Ko3eH ceH3zop HaBau3a Bce noBeue 6 npakmukama.
Hewo noBeue - ceza e Bb3M0KHO NnpocaegaBaHemo
ga cmaBa om pazcmosaHue ype3 uHmepHem-Bpb3-
Ka, maka 4e pogumeAume moz2am ga HabAatogaBam u
npu Heobxogumocm ga KOHMpPOAUpam AeYeHUemo
gucmanmuo. ToBa e Bb3moxHO GrazogapeHue Ha
cb3gageHa uHmepHem-0a3upaHa naamdopma, Ha-
peueHa ,HowHuU Habatogameau” (Nightscouts). Mop-
BoHauanHama ugea e 3a npegnazBaHe om HoOwHU
xunozaukemuu, Ho 8 nocaegcmBue cucmemama ce
oka3Ba noaezHa 3a exxegHeBHomo aganmupaHe Ha
uHcyauHoBume go3u Kakmo Nnpu AeveHue C UHCYAU-
HoBu nomnu, maka u ¢ uHcyauHoBu uHXeKuuu.

B 0630pa ca npegcmaBeHu ocobeHocmume Ha
AeveHUEmMo ¢ uHcyauHoBa nomna u mogudpukayuu-
me um, goBeau go cb3zgaBaHe Ha Bpb3ka mexgy
NOMNa U 2AI0KO3EH CeH30p, € ueA npeBeHuua Ha Xu-
nozaukemuume. NocaegHama HoBocm e Beue pee-
AameHmupaHama npe3 2016 2. om FDA Medtronic

Abstract

This is a short review of new technologies in
the treatment and control of diabetes mellitus.
The Health Insurance System in Bulgaria started
reimbursement of the insulin pump-consumables
in 2016 and it is necessary for further information
to be provided by the Bulgarian Society of
Endocrinology to evaluate the advantages and
disadvantages of pump treatment.

On the other hand continuous glucose
monitoring (CGM) is coming into practice. The
opportunity to monitor the glycemic variations
from distance through the internet-based plat-
form of Nightscouts is extremely helpful for
parents. The initial idea was to prevent night
hypoglycemia. Later on this platform proved to
be valuable for the actual adaptation of the ther-
apy irrespective of the insulin treatment — pump
or injections.

In this review the special features of insulin
pump treatment are discussed as well as the new
modifications of the pumps and their connection
to CGMs aimed at preventing hypoglycemia. The
latest news concerns the Medronic MiniMed
670G system approved by the FDA in 2016. This
system consists of a hybrid closed loop which
changes the basal insulin rate according to the
actual variations of the glucose values beyond
the periods of eating. The patient still has to help
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Mag KoHcmanmu+oBa u compygHuyu

MiniMed 670G system, npegcmaBaaBawa ,xubpugHa
3amBopeHa Bepuea” (hybrid closed loop), upe3 kos-
mo 6a3zaaHama uHcyauHoBa go3a ce aganmupa He-
NPeKbCHamo cnopeg akmyaAHume 2AUKEMUYHU HU-
Ba, HO 3a ceea — camo B nepuogume u3zBbH npuema
Ha xpaHa. [lauueHmbm mpabBa ga nognomaza pe-
weHuemo Ha cucmemama c pbuHo BvbBexkgare Ha
koaudecmBomo npuemu Bverexugpamu u nomBbp-
»KgeHue Ha xpaHumeaHusa 6oayc. Bce owe ce uzuck-
Ba u kKaaubpupaHe Ha ceH3opa C U3MepeHa C 2AIOKO-
mep KpbBHa 2aoko3a. 3amoBa cucmemama ce Hapu-
ya ,xubpugHa” u e caegBawama cmbnka Kbm ,U3KYc-
mBeHua naHkpeac”.

KatoyoBu gymu:

the system with manual introduction of the
amount of carbohydrates and confirmation of the
eating boluses. The system then requires two
calibrations daily of blood glucose measured by
a glucometer. This is why the system is called
,hybrid“ and is the next step to an ,artificial
pancreas”.

Key words:

uHcyauHoBa nomna, 2At0KO3eH ceH3op, xubpugHa
3amBopeHa cucmema, Halmckaymc (HOWHU Hab-
AlOgameau)

insulin pump, glucose sensor, hybrid closed loop,
nightscouts

BvBegeHue

[MocaegHUMeE HAKOAKO 20guHU exkegHeBHama
npakmuka Ha guabemoaoea e 6GykBaaHo 3aauBaHa
om Bce noBeue mexHoro2uuHU HOBUHU, KOUMO Npo-
MeHUXa He camo Bb3mMOoXHOCMUME 3a KOHMPOA Ha
3axapHua guabem, HO U ycewaHemo, ye medumume
Ha Aekapu u navueHmu 3anodBam ga ce cbbgBam.
M3eaexkgawuam HeBb3modkeH, HO maka >KeAaH ,u3-
kycmBeH naHkpeac”, e Ha Nbm ga ce ocbwecmBu.
3awomo Beue uma He camo >KeAaHue, HO U goKazaHu
ycnewHu npoekmu.

2016 2oguHa e 20guHa Ha Mpuymd 3a mo3u
npoekm. 3a nbpBu nbm B cBema Medtronic MiniMed
670G system Oewe y3zakoHeHa om UHCMuUMyUUaMa
FDA (Food and Drug Administration). Tau cucmema
ce Hapuua ,xubpugHa 3amBopeHa Bepuza” (,hybrid
closed loop”) u e no cowecmBo ,noumu” uzkycmBet
natkpeac. KazBame ,noumu”, 3awomo ocmaBa owe
paboma, gokamo cucmemama, Cbcmoawa ce om UH-
cyauHoBa nomna u 2A0k03eH ceH3zop, cBbp3Banu no-
mexgy upe3 uHmepHem-8pb3ka, we 6bge B cocmos-
HUE ga go3upa HaNbAHO CaMOCMOAMEAHO UHCYAUHO-
Bama go3a cnopeg omuyemeHOMO OM 2AIOKO3HUA
ceH3op 2Al0Kko3HO HuBo. 3a ceza moBa cmaBa camo
3a nepuogume MeXgy XpaHeHUAMA — 32 Maka Hape-
yeHume 6a3zaAHU HYXKgu. 32 CaMOMO XpaHeHe, nauu-
eHmbm mpa66a ga nognomaeza peweHuemo Ha cuc-
memama ¢ pbuHo BbBexxgaHe Ha koauuecmBomo
npuemu Bbeaexugpamu u nomBbpiKgeHue Ha XpaHu-
menaHua 6oayc. OcBen moBa, Bce owe ce uzuckBa ka-
AubpupaHe Ha ceH3zopa upe3 pbuHo BbBexxkgaHe Hu-

Bomo Ha kpbBHa 2Al0KO3a, U3MEPEHA C 2ADKOMED.
3amoBa cucmemama ce Hapuva ,xubpugHa’ — m.e.
cmeceHa, a He camocmoameaHo geldcmBawa. Ho,
Bvnpeku me3u ycaoBusa, abmomamuzupaHomo u
npomeHawo ce nogaBaHe Ha 6a3aAHuUA UHCYAUH
uzuckBa gaaey no-maAko ycuaua om cmpaHa Ha hauu-
eHma, 6 cpaBHeHue ¢ gocecawHume Bb3mo>XKHOCMU
Ha uHcyauHoBama nomna u 2AlKO3HUA ceH3op. Xub-
pugHama 3amBopeHa Bepuza ce CbCmMou OM HAKOA-
KO vacmu:

1. TAOKO3€H ceH3op;

2. lNpegaBameAa Ha gaHHUME 3a MbKaHHama
2AI0KO3a, noayveHu om ceH3opa (Transmitter);

3. MucyaunoBa nomna, om koamo ce nogaBa
UHCYAUH NPE3 UHXXEKUUOHHOMO MACMO;

4. lumepHem-Bpb3ka, upe3 koamo ce ynpabaa-
Ba ckopocmma Ha uHcyauHoBomoO UHXKeKmupaHe
(ycroBHO ckopocmma moxkem ga Hapeuem — ,UHCY-
AuHoBa go3za“);

Bonpeku ye 8 aumepamypama, BkAlOYUUMEAHO
ObA2apckama, uma cboOwWeHua 3a npuHyunume,
ocobeHocmume, edekma U Papmako-UKOHOMUYEC-
Kama oueHka Ha moBa AeueHue (1-7), ciumame 3a He-
ob6xogumo ga gagem noacHeHua 8 Hal-o6wu AuHUU
3a moBa kakBo npegcmaBasBam uHcyauHoBama
NOMNa U 2AOKO3HUAM ceH3op, Mbl kamo 6 caegBa-
Womo gecemuAaemue A€YeHUEMO Ha 3axapHua gua-
6em Had-8epoamHo we ce cBbp3zBa ¢ mazu mexHo-
Arozua. OcBeH moBa, om cpegama Ha 2016 2. y Hac
H3OK 3anaawa koHcymamuBume 3a AedeHue C UHCY-
AuHOBU nomnu u e gobpe, ocobeHo cneyuaauzupaHa-
ma meguuuHckama obuwHocm, ga 6bge no-nogpobHO
3ano3Hama ¢ moBa cvBpemeHHo cpegcmBo 3a Aeve-
Hue Ha 3axapHusa guabem.

60
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KakBo npegcmaBagBa uncyauHoBama
NOMNA U NPpUHYUNU Ha gelicmBue

ToBa e cpegcmBo, koemo u3znoa3zBalku mexa-
HUYHA CUAQ, UHXXEKMUpa HeNnpekbCHamo NOGKOXKHO
(npe3 uz2aa uau meka KaHioaa) 6bp3ogeticmBaw, UHCyY-
AUH, Hal-4yecmo — 6bp3ogeticmBaw, aHaro2. AevyeHu-
emo ¢ uHcyauHoBa nomna ce Hapuua owe ,,NOCMOoAH-
Ha NOgKOXHa uHcyauHoBa uHgy3zua” (continuous
subcutaneous insulin infusion, CSII).

[MopBama uHcyauHoBa nomna e cb3zgageHa
npe3 1978 2., HapeueHa e ,buocmamop” u npeg-
cmabBaaBa 2orama npeHocuma Nomna, Cb3gageHa Ha
H6azama Ha makaBa 3a go3upaHe Ha megukameHmu 3a
xumuomepanua. CaegBam gecemuaemusn Ha ycvBup-
weHcmBaHe, gokamo ce gocmuzHe go gHewHume
MOJEeAU Ha MaAKO, AEKO U AeCHO 3a ynpabBaeHue yc-
mpotcmBo 3a uHmeH3uBHO AeueHue C UHCYAUH. o
nogobue Ha uHmMeH3uBHOMO AeyeHue C MHO20Kpam-
HU UHCYAUHOBU uHXKeKuuu U myk uHcyauHoBama go-
3a ce pazgeaa Ha 6azaaeH UHCYAUH U uHcyauHoBu 6o-
Aycu, HO uma gBe BaxkHU pazAuku:

v/ npu uHcyauHoBama nomna GazarHuAM UHCY-
AUH Ce pa3geAa NO eguH MHO20 NO-(PUH U PU3UOAO-
2UYeH HAYUH 3a USAOMO geHoHouwue u

v" uHcyauHoBama nomna uznoa3Ba camo 6bp30-
getcmBauw, UHCYAUH/aHaAO2.

1. bagarHama go3a Ha uHcyauHa (3amecmBawa
6aBHo-geicmBawua UHCYAUH) ce pa3npegeas 3a ua-
AOMO geHoHOoWUEe, Kamo Ce go3upa Ha MHO20 MaAKU
yacmu, onpegeanaHu Kamo ,uHcyauHoBa ckopocm 3a
yac”. MiHcyauHoBama ckopocm moxke ga 6bge npoe-
pamupaHa u pazauuHa Ha Bceku 30 muHymu — m.e.
ype3 uHcyauHoBama nomna moxxem ga umame 48 pas-
AUYHU cKopocmu npe3 geHoHowuemo. ObuualiHo,
obaue, geHoHOWUEMO Ce pa3geAd Ha HAKOAKO ,UH-
mepBaaa” om no 4-8 uaca, Koumo xapakmepuzupam
uHguBugyasHume HyXgu Ha nauyueHmume chopeg
Bv3pacmma, pazama Ha guabema, gBuecameaHama
akmuBHocm u gpyau uHguBugyaaHu pakmopu.

2. UncyaunoBu 6oaycu — me ca gBa Buga:

2. 1. 3a nokpuBaHe Ha HYkgume npu XpaHeHe -
XpaHumeAHu 6oAycu;

2. 2. 3a kopekyuua Ha no-Bucoku om >keaaHume

2AUKEMUYHU UEAU — KOPEeKUUOHHU GoAycu.
BaxkHo e ga ce omb6eaexxu, ue 866 Bcaka uHcyauHo-
Ba nomna om HacmMoAWOMO NOKOAEHUE, UMa OnuUN
Ha ,60Ayckaskyramop/ceBemHuk” (bolus calcula-
tor/adviser), a HAKOU KOMNaHUU 20 ugeHMuduuupam
c ,mazbocHuK” (bolus wizard). ToBa e npozpama, 6
Koamo ce BHacam g6ama xapakmepu3upawu Gceku
omgeAeH nayueHm YucAeHU nokKa3ameau, Ypes3 Kou-
mo ce u3zyucaaBam xpaHumeAaHUmMe U/UAU KOopeKuu-
oHHume 6oaycu. ToBa ca:

A. Bb2AaexugpamHo 4ucAao (omHoweHue) —

npegcmaBaaBa koaruvecmBomo Bveaexugpam B 2pa-
moBe, koumo nayueHmvm ycBoaBa uau basaHcupa
C 1E UHCYAUH.

b. UncyaunoBa yybcmBumeanocm (kopekuyuo-
HeH ¢pakmop) — npegcmaBasBa pakmop, nokazBauy
C KOAKO MMOA/A ce HamaasBa eAloKO3ama caeg UH-
>kekmupaHe Ha 1E UHCYAuH.
3a ga moz2am ga ce HanpaBam uHguBugyaaHume u3-
YUCAEHUA 3a XpaHUMEeAHUA UAU KopeKuyuoHHUA 6oAyc
6 6oayc-coBemtuka ce BHacam owe:

- MpuueAHu (mapzemuu) HuBa Ha 2Al0K03ama
— >keanaHume cmoUHOCMU Ha 2A0KO3ama npegu u
CAEQg XpaHa;

- MpogbakxumeaHocm Ha gelicmBue Ha uHcy-
AUHaA — Mbl Kamo Hald-yecmo ce pabomu ¢ 6bp3u UH-
cyauHoBu aHaao3u, ce npuema obuvaliHa NPOYbLAXKU-
meAHOCM om 3 4aca;

Mpegumcm6Ba Ha uHcyauHoBama nomna cnpamo
MHO2OKpamHume UHcyAauHoBu urxekyuu (6azaAHo-
060AYCEH pexum)

1. MHo20 no-¢puzuorozuuHo BbBexxgaHe Ha Oa-
3aAHama uHcyAauHoBa go3a — kakmo ce onuca no-20-
pe, moBa He e Bb3MOXHO Npu uznoa3zBaHe Ha egHa
uAu gopu gBe uHxxekuuu ¢ 6aBeH uHcyauHoB aHano2.
ToBa e ocobeHo BaxxHo 3a geuama, KOUMO Npe3 pas-
AUYHUME NEpUOgu Ha Pacme’k umam pasAuYdHU HY>K-
gu om 6azaAaeH UHCYAUH npe3 geHoHowuemo. Ha-
npumep, no Bpeme Ha nybepmemHua CKOK HY>Kgume
npozpecuBHo HapacmBam caeg noayHow, — om 2 4. go
8 u., m.H. cpeHOMeH Ha 30pama (Dawn phenomemon).
O6pamto, npu markama Bb3pacm — nog 6 20guHU
Hy>kgama om 6a3areH UHCYAUH e cpaBHumeAHo 20Aa-
Ma npegu noAyHow, ToBa MHO20 huHO pa3znpegene-
Hue Ha 6a3zaaHama go3a gaBa Bv3moxkHoCcm Kakmo
3a npegna3zBaHe om Xuno2AUKEMUU — Hanpumep Ha-
maraBaHemo Ha go3zama no Bpeme Ha pu3zuyecKo Ha-
moBapBaHe, maka u 3a oBragaBare Ha cmpecoBu cu-
myauuu, Harazawu yBeauuaBaHe Ha 6azaaHama go3a
3a onpegeAeH uHmepBaa om Bpeme. Tyk Bausza B8 co-
obpaxkeHue u onyuama ,BpemeHeH 6azan”
(temporary basal), koimo mo>ke ga ce npoepamupa
3a HAKOAKO 4aca UAU 32 UAAO geHOHOoWwUe, chopeg UH-
guBugyaaHume nompebHOCMU, KaMO nNpoueHmM om
obuuyatHama 6a3aAHa gosa.

2. HamaaaBa ce puckbsm om xunozaukemuu (8-
9) NO HAKOAKO MeXaHu3ma:

a. MpaBuaHomo pa3npegeaeHue Ha 6azaaHama
go3a HamaaaBa pucka om cBpbx-UHCYAUHU3UpPaHe, 3a
ga ce GaraHcupam munudyHume 3a onpegeAeHama
Bb3pacm noBuwabBaHua Ha kpbBHama 2Al0KO03a,
cBbp3aHu C PU3UOAO2UUHUA JEHOHOWEH PUMbM Ha
XOpPMOHaAHama cekpeuus;

b. MHo20 ¢huHO go3upaHe Ha HoAycume CbC
cmbnka Ha npomaHa om 0,1E, 3a pa3zauka om 6b3-
MO>XHOCMUME U Ha Had-npeuu3zHume uHcyauHoBu

Endocrinologia vol. XXII Ne2 /2017
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NUCAAKU, YuUamMo MUuHuUmaAHa cmbvnka e 0,5 E;

c. N36a2B8aHe Ha ,HampynBaHe” Ha UHCYAUH
Npu no-yecmu Kopekyuu 3a xunepaaukemus. MHcyau-
HoBama nomna He pa3zpewaBa nogobHo HampynBa-
He, 3awomo u3zducaaBa ocmamwbuHUA UHCYAUH Om
npegxogHua 6oayc u HamaaaBa caegBawun uau Ha-
npaBo 20 omka3Ba, ako Bce owe uma gocmambyHO
getcmBaw, UHCYAUH cAeg npegxogHua BOAYC.

3. lNMocmuzaHe Ha U3KAKOYUMEAHA npeyu3HoCm
u uHguBugyaauzupane Ha AeueHuemo cnopeg uszu-
OAO2UYHUA gEHOHOWEH PUMbM Ha KOHMpauHCcyAap-
Hume xopmoHu. ToBa ce noayuaBa, 3awomo ocBen
KazaHomo go ceza, Bcuuku uHguBugyarHu nokaza-
meAu 3a uHcyauHoBa uybcmBumernocm u Govane-
XUgPamHO 4YUCAO, MO2am ga ce npozpamupam ma-
Ka, ue ga ce pasaudaBam 3a Bceku vac, uau noHe 3a
onpegeAeHu uHmepBaau om geHoHowuemo. ToBa
o3HauaBa, ye uzuucreHUMe GoAYCU 3a €gHO U CbUWO
KoaudecmBo Bverexugpamu ce pazaudaBam cnopeg
moBa, 8 kol yac Ha geHoOHOWUEemO NauueHMbM we
ce XxpaHu — 3akycka, 06ag uau Beuepa. o cobwua Ha-
YUH U KOpekuyuume 3a egHa U CbWa XunepaAaukemud-
Ha cmouHocm ce pa3audaBam cnopeg vaca om geHo-
Howuemo, 3a kolUmo ce npuaazam. TpabBa ga ce
noguepmae, 4e npu no-Hucko HuBo om mapzemuama
2Al0KO3a npegu cbomBemuua 6oayc, 6oayc-cbBem-
HUKbM u3uvucasBa cbomBemHo no-maabk 6oAyc.

4. Bb3MOXXHOCM 3a nNpuAazaHe Ha PajAUYHU
munoBe 60Aycu C ygbAaKeHO UAU NPpOMEHEHO gelicm-
Bue, koumo nokpuBam no-epekmuBHO pazauuyHUMe
BugoBe xpaHu — no-6egHu uau no-602amu Ha »uBo-
MUHCKU Ma3HUHU u 6eambyuHu. ToBa ca kBagpam-
Huam u gBoiHo-6bAHOBuUAM GoAyc. Te ce uzbupam
om nauueHma cbobpazHo npuemama xpaHa:

- kBagpamen 6oAyc — onpegeaeHama go3a ce
BvBexxga ¢ paBHomepHa ckopocm 3a onpegeAeHus
nepuog om Bpeme, KOEMO MOXE ga mpae om MUHY-
mu go vacoBe;

- g6oiiHo-6bAHO6 GoAyc — onpegereHama go3a
ce BbBexga B 2 yacmu, Koumo ce onpegeaam Kamo
npoueHmM om uarama go3a 3a nbpBama u Bmopama
My vacm, Hanpumep 40-60% 3a 1 yac. Bb3morkHu ca
pa3AudHU Mogudpukauuu, cnopeg kayecmBomo Ha
npuemaHama xpasa.

Camume nauueHmu, ocobeHo me3u Koumo u3-
noazBam egHoBpemeHHO U 2AIOKO3HU CEH30pU, MO-
2am ga npomeHam napamempume Ha 6oAycume, Nok-
puBawu pazauuHume munoBe xpaHa. Bb3 ocHoBa Ha
nogobHuU HabAlogeHua e npugobua 2pakgaHcmBe-
Hocm m.H. ,nuua” 6oayc. Tol e c obuyaliHa NnpogbA-
»kumeaHocm om 3-4 yaca, a gBeme BbAHU — cbom-
BemHo mo2am ga ca 40% u 60%. Mo Mmo3u HauuH no-
2oAamama yacm om 6oayca ce BvuBexga no-KbcHO,
Koeamo 3anouBam ga ce ycBoaBam mazHuHume u
feAambyuHUME oM nuuama, a NbpBoHa4YaAHO NPUAO-
>kxeHume 40% nokpuBam Bvaaexugpamume, KOUMo

ce ycBoaBam no-6vp3o0.

5. Heobxogumo e ga ce u3mbkHe owe egHo 20-
AAMO NPeguMcmBo Ha AeUeHUEMO C HAKOU OM U3N0A3-
BaHume y Hac uHcyauHoBu nomnu (MegmpoHuK) —
Bb3Mm0xHOCMMa 3a gemaliAHO npocaegaBaHe Ha ua-
AoCmHOmMo AeyveHue. ToBa cmaBa upe3 cBaraHe Ha
3anamemeHume gaHHu 6 nomnama om cneuuaaeH
copmyep. AaHHume ce obpabomBam cmamucmu-
Yyecku U Ha hauueHma, Kakmo U Ha Aekaps, ce npe-
gocmaBam kakmo KpalHume pe3yamamu, maka u
MHO20 gemaliAHO exxegHeBHUMe gaHHU no yacoBe u
muHymu 3a Bcako cbbumue: 6azaaHa go3a — pazmep
u % om obwama geHoHOWHa go3a; OoAycu — uvac,
Bug, pazmep, eBeHMyarHU OMKAOHEHUA OM U34UCAe-
Hama om 6oAyc-Kaakyramopa go3a; yecmoma Ha
cmaHa Ha cemoBeme u pe3epBoapa. OuepmaBa ce
UAAOCMHaAmMa KapmuHa Ha Ae4eHUemo U ce mbpcam
Bb3MoXKHOCMU 32 npomaHa Ha uHguBugyaaHume na-
pamempu, 3a ga ce NOAYYU MaKCUMaAHO gobbp 2Au-
KemuueH KoHmpoa. Tazu Bb3moxkHocm e 0cobeHo
UEeHHa, 3aWomo hauueHMbm U AeKapam aHaAu3u-
pam peaaHume ¢pakmu, 6e3 Bb3moKHOCM 3a MaHu-
nyAauus (kakmo ce cayuBa He pagko).

Bcuuko moBa He e Bb3mOXKHO ga ce nocmuzHe
ype3 uHcyAuHoBuU UHXKEKUUU, NOPagu KOEMO AeYeHuU-
emo ¢ uHcyAauHoBu nomnu cmaBa Bce no->keaaHo u
Bucoko oueHaBaHo. B 2onemun cnucbk om nybauka-
uuu, nomBbp>kgaBaw, H6AazonpuamHuUa egpekm om
A€4YeHUemo ¢ uHcyauHoBu nomnu, chueypupa u Hawu-
am, makap U oz2paHudeH onum 6 mo3u acnekm
(1,3,6,7). ObHagexxgaBawu ca u Hawume NocAaegHu
gaHHU 3a 3HauuMmeAHo nogobpeH KOHMPOA NpU Nauu-
eHmume ¢ uHcyauHoBu nomnu, YUUMO KOHCYmamu-
Bu ce peumbypcupam om H3OK. Te3u gaHHuU we 6b-
gam obekm Ha omgeAHO cbobuweHue.

LLlo e mo 2nioko3eH ceH3op (Continuous
Glucose Monitoring - CGM)

ToBa e nopmamuBHo ycmpoicmBo, uzmepBa-
Wo U oHazaegaBawo 2Al0KO3Hama KoHUeHMpauus
noumu HenpekbcHamo — npe3 uHmepBaau om 1-5
MUHYMU 3a HAKOAKO nocaegoBameAHu gHu, Had-vec-
mo — 7 gHu. CGM ceH3opume ce cbcmoam om mpu
eAeMEHMA: HOCUMEA Ha XUMUYecKUu azeHm, npegaba-
meA (MpaHcmumep) u yemeu,

O6uualiHama mexHoaoz2ua e HamoBapBaHe ¢
onpegeAeH Xumudecku azeHm (Hal-4ecmo C eH3uma
2AI0K030-0KCUga3a) Ha Hocumea (nogobeH Ha u2AuuY-
Ka), KoUmo ce UHXeKmupa NOgKOXKHO U peazupa C
2Atoko3ama 8 nogkoykHama mbkaH. [pu xumuyecka-
ma peakuua ce cb3igaBa eaekmpuyecku nomeHuuaa,
yuamo cmolHocm ce pezucmpupa, npeobpazyBa ce
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6 cmodHocm Ha 2Al0K03a u ce npegaBa upe3 mpaHc-
Mumep go yemeua, Ha koumo ce Buxga cmouHocm-
ma Ha omuyemeHama 2A0k03a 6 unmepcmuyuasxa-
ma NOgKOoXXHA MbKaH.

Haii-HoBume mogudpukayuu ceH30pu pa3znoaa-
2am ¢ Bv3morkHoCm 2atoko3HUMe HuBa ga ce uemam
Ha cmapmdoH upe3 BkaouBaHe Ha gocmbnHo 6 uH-
mepHeM-NPUAOKEHUE.

IMpocmomo u3yucaeHue nokazBa, ue ceHzopbm
omyuma 288 cmolHocmu Ha 2Al0KO03ama 32 geHOHO-
wue. Cnpamo obuyaliHomMo makcumaaHo 7-10 kpam-
HO u3caegBate Ha KpbBHama 2Al0k03a u npu Had-Mo-
muBupaHume nauueHMu CbC 3axapeH guabem, npe-
gumcmBama Ha 2AlOKO3HUA CEH30P Ca HEeCbMHEHU.
baazogapeHue Ha geHoHOwHOMO npocAaegaBaHe Ha
2AUKeMUYHUME KoAebaHua Npu pazAudHU cumyauuu,
Kamo gonbAHUMeAHO 3aboaaBaHe, npuem Ha pazaud-
HU XpaHu UAu npomeHawo ce gBuzameaHo HamoBap-
Bate, nauueHmume umam MHO20 no-2oremu Bb3-
MO>XHOCMU 3a aHaAu3 2aukemudHume HuBa u cbom-
BemHo — 3a no-ycneweH KOHMpPoA. MocaegHumMe mo-
gughuKayuu Ha CEH30pUMe ca MHO20 NO-MOYHU U NO-
kazBam Bce no-6Au3Ku go kpbBHama 2A0K03a cmou-
Hocmu. Bvnpeku moBa, Bce owe npomaHa 6 go3upa-
Hemo Ha uHcyAauHa cmaBa camo cAeg KOHMPOAHO U3-
cregBare Ha kpbBHama 2Al0K03a om nepudgepHa
kpbB. TlMpogbaxkaBa ycwBobpweHcmBaHemo Ha cex-
30pume NO OMHOWEHUE Ha mAaxHama MmovHoCm U
Bb3moxHOCM 3a uzba26aHe Ha KaAUBpUpaHeMo UM ¢
nepuepHa KpbB.

Vima cvobuweHua 3a uznoazBave u Ha gpyeu
MEeXHOAO2UU 32 OMUUMaHe Ha 2Al0K03ama, Hanp. om
noBbpxHocmma Ha Koxa uau AuzaBuua, Koumo ga ca
owe no-6e3z6oae3HeHU U ga ce HagaBame mouHu.

B momeHma 8 Hawama cmpana uma ,6ym” Ha
3akynyBaHe Ha CEH30pu OM pogumeAume Ha Hawu
nayueHmu cbC 3axapeH guabem, KOUMo ca Ha Aede-
HUEe C UHCYAUHOBU UHXKEKUUU, a He CamO Ha UHCYAU-
HoBu nomnu. Foremuam obem om gaHHu, Bb3MOX-
Hocmume ga ce Bugam m.H. MOgEAU Ha 2AUKEMUYHU-
me ekckyp3uu 8 geHoHOwUEemMo, € oM U3KAOHUMEA-
Ha nomouw, 3a nauueHma u Aekapa: uzbaz6am ce mex-
KU XUNO2AUKEMUU, NPOMEHAM Ce go3ume maka, ye ga
omzoBapam Ha uHguBugyaaHume HYxgu. NMoazBaHe-
MO Ha 2Al0KO3€eH ceH3op e caegBawomo owe no-Bu-
COKO cmbhano, koemo Beue ce Haaaza Kamo No-go-
6bp cmaHgapm 3a guabemta 2puxa 6 cBema.

B moBa omuoweHue mpa6Ba ga cnomeHem
owle egHa U3KAIOYUMEAHO ueHHa Bb3modkHoCm, Kos-
mo gaBam 2Al0KO3HUME CEH30puU — HenpekbCHama
uHpopmayua 3a akmyaAHume 2AuKemudHu HuBa Ha
nayueHmume om mexHU BAU3KU UAU MeguUUHCKU
nepcoHaa - upe3 on-AalH Bpb3ka. Tazu naamdpopma e
geAao Ha pogumeau u BAU3KU Ha NayueHMu CbC 3axa-
peH guabem, Hapuua ce ,,Nightscout” (HowHuU HabAlo-
gameau) u cb3gaBaHemo G e npoBokupaHo Had-Beue

om cmpaxa om HOWHU Xuno2aukemuu. B nocaegem-
Bue, obaue, ce okazBa U3KAIOUUMEAHO UEHeH eae-
meHm 3a ocbwecmBaBaHemo Ha Bce No-gob6bp KOH-
mpoa, npegna3zBate om xuno2Aukemuu, Kakmo u Ko-
peKuUU NpuU HeXXeaaHu Xunepaaukemuu. BbopwbikeHu
C mMas3u cneyuaAHa cucmema Om 2AI0KO3eH CEeH30p U
meAedOH (UAU KOMNIOMbpP) CbC cbomBemHOMO UH-
mepHemM-NPUAO>KEeHUE, pOguMeAUme Ha MHO20 Hawu
nauueHmu Beye ca no-cnokoUHu: me ca B cbcmosa-
Hue om pazcmosaHue (om gpyzama cmas uau 6 gem-
ckomo 3aBegeHue/ yuuauwge) ga HabaogaBam aauke-
MUYHUME eKCcKyp3uu npu geuama cu. ToBa um gaBa
Bb3MOKHOCM U ga npegnpuemam cbomBemHu agek-
BamHu mepku abcoatomHo HaBpeme (Due. 1).

Bpb3ka mexkgy uHcyauHoBa nomna u 2ato-
koseH ceH3op - ucmopug Ha pa3Bumuemo?

OuakBatama caegBawama cmbnka Gewe ga ce
cBobprkam gBeme ycmpoicmBa u ga ce ,3amBopu
Bepuzama” no nogobue Ha naHkpeacHama [-kaemka,
KoAmo HenpekbcHamo npocaegaBa HuBomo Ha
kpbBHama 2aloko3a u cbobpazHo ¢ moBa npomeHs
ckopocmma Ha uHcyauHoBama cekpeuua. ToBa oba-
ye CmaHa 4pe3 HAKOAKO hocmeneHHU ycbBbpweHcm-
BaHun, Ha koumo cme cBugemenu:

1. Sensor-augmented pump (ycuaeHa, uau no-
ckopo nogobpeHa upe3 ceHzop) nomna nokasza cBou-
me npegumcmBa. Beve He camo go3upaHemo Ha UH-
CYAUHA € MHO20 NO-PU3UOAOUYHO, HO HENPEKbCHA-
momo HabAlogeHue Ha pe3yamamume om moBa ae-
yeHue, Bb3zmoxxHocmma 3a cBoeBpemeHHa peakuus
npu 3acmpawaBawa xunozaukemus, uau obpamto -
nocmaBaHe Ha gONbAHUMEAEH KOPEKUUOHEH BGOoAYC
npu noBuwabBawa ce 2a0k03a gage HOB maacobk 6
KOHMpOAa Ha 3axapHua guabem. Cmpaxbm om xuno-
2AUKEMUU CE NPEOJOAA HaCMUYHO, 3 NOCMuU2aHemo Ha
MHO20 no-maAku Bapuauuu Ha 2aukemuama cmabBa pe-
aaHocm. Ho Bcuuko moBa moxe ga cmaBa camo ¢ ak-
mu6BHomo yuacmue Ha nayueHma — mou mpa66a ga
HabAlogaBa u kopuzupa AeueHuemo cu.

2. TMoaBu ce Bb3zmoxHOCM ga ce NnpemuHe Kbm
caegBawpomo HuBo 3a aBmomamuzupaHa Bpbi3ka
mexkgy gBama komnoHeHma. Npo6uB 6 moBa omHo-
weHue bewe cb3igageHama Bpb3ka mexgy Veo-nom-
nama Ha MegmpoHuK C 2Al0Ko3HUA ceH3op Enlite
(Medtronic). Yemeubm Ha ceH3opa e 8 camama nom-
na, Kamo Ha HelUHuA ekpaH ce HabalogaBam Bapuauyu-
ume Ha 2Al0KO3ama: He camo abcoAlomHume um
cmolHoCcmu, HO U meHgeHyuume 3a HamaaaBaHe uau
noBuwabaHe, upe3 HacoueHu HagoAy UAU Hazope
cmpeaku. INMpu noggbprkaHe Ha HenpekbcHama Bpb3-
Ka MeXgy ceHzopa u nomnama, Veo-nomnama uma
onuua ga cnupa 6azaaHama uHcyauHoBa uHgyszua
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Mag KoHcmanmu+oBa u compygHuyu

12-1acoBo gucmanmHo HabAlogeHue upe3 naamgopmama ,Nightscout” Ha 2AI0KO3HUME eKcKyp3uu u
npoBegeHomo AeveHue Npu hayueHmka ¢ 4-kpameH UHCYAUHOB pexkum (UHcyauHoBU uHXKekuuu).

& Z ull W 20:31

5.7

beaexxka Ha cpuaypama e npegcmaBen peyamam om 12-uacoBo npocaegaBaHe Ha 2Al0ko3HUMe HuBa upe3 ceH3op,
cBbp3aH ¢ Halmckaym Npu nauueHmka Ha AedyeHue ¢ uHmeH3uBeH pexkum ¢ uHcyauHoBu urxkekuyuu. Buxkga ce ocBeH ak-
myaAHama 3a MOMeHMa UHMePCMUUUaAHa 2Al0K03a om 5,7 MMOA/A, HeHama cmabuAHOCM (XOpu3oHMaAHama cmpeaka),
Kakmo u npocaegeHama 3a 12-uacoBua nepuog uzmepBana Ha Bceku 5 muHymu 2aioko3a. [pe3 ueaua nepuog 2al0K03ama
ce gBuku B onmumasHuUmMe 2paHuuy, 3ar0KeHuU B ceHzopa — mexgy 4,4 u 10,0 MMOA/A, 02paHUYEHU C NPEKbCHAMU AUHUU.
OcBen moBa ce Buxxgam u HanpaBeHume go3u UHCYAUH, Kakmo u KoaudecmBomo (u yaca) Ha npuemume Bbaaexugpamu

C XpaHama.

npu HUBo Ha 2al0k03ama nog mapzema. Emo 3awo,
mo3u mun nomna ce Hapuuya Low glucose suspend
(cnupaHe npu Hucka 2Al0K03a). MakcumaaHuam nepu-
0g Ha cnupaHe Ha ba3ana e 2 vyaca, cAeg Koemo
nomnama aBmomamuuHo npogbaxkaBa GazaaHama
uHgy3ug, 3awomo B npomubBeH cayuad nayueHmMbmM
mo>ke ga uznagHe B kemoauugo3a. Ako obave nauu-
eHmMbm peazupa cBoeBpemeHHO U xunozaukemusma
ce npeogoAee, HajaaHama UH(py3ua He ce npekpa-
maBa. Tazu nvpBa gedcmBawa Bpb3ka ,nomna-ceH-
30p” npegomBpamaBa owe no-gobpe xuno2aukemu-
ume, ocobeHo no Bpeme Ha CbH — ocHoBeH npuopu-
mem 3a Bcaka HoBocm B AeueHuemo Ha 3axapHus gua-
6em (8). Hawuam onum ¢ Veo-nomna u ceH30p noka-
3a OMAUYHU pe3yamamu, U mo npu Had-MaAKume Hu
nauyueHmu Ha Bb3pacm nog 6 2oguHu (6).

3. CaegBawama cmbnka Kbm owe Nno-Hagex-
geH Bapuanm 3a npegnazBaHe om xunoz2aukemusa e
m.H. Predictive Low Glucose Suspend /PLGS/ - cnu-
paHe Ha 6azaaHama uHgy3ua npu npegnoAazaem
pucK 3a xuno2aukemua. To3u Mun Nomna, 3a CbXKaae-
HUE, He € goCMbNHA Y HaC U HAMame onum C Hes, HO
AumepamypHume gaHHu nomBbpykgaBam HelHama
2oaama edpekmuBHocm (9).

CaegoBameaHo, npobaembm C pucka u npeg-
nazBaHemo om me>XkKu xunoz2aukemuu Gewe mexHo-
AO2UYHO Pa3peweH.

4. MocmaBu ce caegBawomo npeguzBukamenc-
mBo kbm 3amBapaHe Ha Bepueama — KOHMPOA U Ha
XunepzAaukemuyHume cmoiHocmu. Makap u 3a ceea
camMo MeXgy XpaHeHUama, Cb3gageHuam mogea Ha
xubpugHa 3amBopeHa cucmema e nopegHama yc-
newHa kpadka. OcBeH uumupaHama 6 Hayaromo
Medtronic MiniMed 670G system, npe3 2017 2. u
2018 2. ce ouyakBam gpyau nogobHU peweHua om
gpyeu komnaHuu, kamo Bce noBeve onum ce gobuBa
6 HaNbAHO HOPMAAHU 3a nauueHmMa — gomawHU yc-
AoBua (10, 11).

5. He mpa66a ga nponycHem ga cnomeHem u
ugesama 3a m.H. GBUOHEH naHKpeac — nomna C KOAMO
wie ce UHXKeKmMupa He Camo UHCYAUH, HO U 2AIOKA20H.
OuakBaHuama Ha cb3gameaume e 6 cpegama Ha
2017 2. ga ce npoBege nunomeH npoekm, a B kpaa Ha
2018 2. mo3u mun nomna ga 6bge ogobpeHa ocuuu-
anHo om FDA.

B momeHma ce npoBexkgam ekcnepumeHmu u €
gpyeu cucmemu Ha uzkycmBeH naHkpeac, 3a HAKOU
om koumo Beye uma nybauxkyBaHu gaHHu (12,13,14).

B mHO20 6AU3KOMO Gbgewe ce ovakBa ga cma-
Hem cBugemenu Ha gba2o ouakBaHama cucmema, 3a-
mecmBawa NbAHOUEHHO U C MUHUMAAHU YcCuAuA 3a
nauueHmume yBpegeHama naHkpeacHa >kae3a npu
3axapeH guabem.
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CmanoBuwa /Point of view

NMamo¢usuonozuyHo obdacHeHue Ha cbpgeyHo-cbgoBume noA3u om

SGLT2-uHxubumopume

XpucmoBa, Mapusana I.
ET AIICMIT ,A-p M. XpucmoBa, BapHa”

Pathophysiological Explanation of Cardiovascular Benefits of the SGLT2-

Inhibitors

Hristova, Mariyana G.
Division of Endocrinology, Medical center of Varna,

Pe3iome

Mpe3 1986 2. npo. Puma AeBu MoHmaauu-
HU noayyu HobGeaoBa Haepaga 3a meguuuHa 3a
cBoemo pyHgameHmMaAo omKpumue Ha pacmesx-
Hua gpakmop 3a HepBume — Nerve Growth Factor
(NGF) u HeBpompoguHume, pazBumo 6 nocaeg-
cmBue kamo HeBpompodHa meopua. AHec ma
Hamupa npunroxxkeHue B mHo20 kaoHoBe Ha Guo-
meguuuHckama Hayka. [lpe3 nocaegHume 20 20-
gUHU Ce Hampyhaxa MHO20 Hay4HU pakmu u HeB-
pompogHama meopua bewe mpaHcAaupaHa 6
KAUHUYHamMa npakmuka kamo HeBpompodHa me-
opuAa 3a namozeHe3ama Ha memaboAUMeH CUHg-
pom u 3axapeH guabem mun 2.

Ype3 HamaraBaHe Ha xunepzaaukemuama no
HeuHcyauHo3aBucum HavuH SGLT2-uHxubumopu-
me pegyuupam uHcyauHoBama cekpeuusn, AUNO-
2eHe3ama u maka HamaaaBam BucuepasHama
macmua mubkaH. ToBa Bogu go HamaanaBaHe Ha
npou3BexkgaHume om Hea NPOUH(AAMAMOPHU
UUMOKUHU u HamaanaBa uHcyauHoBama pesuc-
meHmHocm. Apyauam KomnoHeHm om getcmBu-
emo Ha SGLT2-unxubumopume — 3acuaeHama
Hampuype3a Bogu go yBeauuaBaHe Ha kaaua 6
naazmama. ToBa Hopmaau3zupa CbomMHOWEHUEMO
Kaaul/kaauul 6 naazmama u maka ce oBaagaBa
cumnamukomoHuama. Bcuuku mes3u mexaHu3zmu
HamaaaBam xunepa2Aaukemuama, meAeCHOmMo meae-
AO U apmepuaaHama xunepmoxua. HeBpompo-
puHUME uMam CcmpykmMypHa XOMOAO2UA C NPO-

Abstract

In 1986, Prof. Rita Levi-Montalcini was
awarded the Nobel Prize for Physiology and
Medicine for her fundamental discovery of
nerve growth factor (NGF) and neurotrophins
that subsequently developed into neurotroph-
ic theory which is currently used in many fields
of biomedical science. In the subsequent 20
years, a large number of scientific facts
were accumulated and the neurotrophic
theory has been transformed into clinical
practice as the neurotrophic theory of the
pathogenesis of metabolic syndrome and
type 2 diabetes mellitus.

By decreasing hyperglycemia through a
non-insulin dependent mechanism, SGLT2-
inhibitors also reduce insulin secretion; this
reduces lipogenesis and visceral adipose tis-
sue, plasma and tissue levels of adipocy-
tokines. Then, insulin resistance reduction fol-
lows. The other component of SGLT2 inhibito-
ry activity, namely the inhibition of sodium
reabsorption takes part in the process of sym-
pathetic tone reduction. Increased natriuresis
is followed by reduced kaliuresis. Today, neu-
rotrophins are known as mediators of many
biological phenomena caused by their neu-
rotrophic, metabotrophic, epitheliotrophic,
and immunotrophic effects. Enhancing the
beneficial effects of these neuro trophins can
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uHcyauHa. Mpu 3axapeH guabem mun 2 u memabo-
AUMEH CUHgPOM Me ca noHWwKeHu. HamaaaBanemo
Ha MacmHama mbKaH U HUCKOCMENEHHOMO XpPo-
HU4HO Bb3naaeHue nog geiicmBue Ha SGLT2-uHxu-
6umopume noBuwaba ekcnpecusma Ha peuenmo-
pume Ha HeBpompodguHume. Taka ce u3zaBaBam
mexHUme memabompogHO, enumeAuoMpPoOgHO,
HeBpompogHo u umyHompodgHo gelcmBue. Pe-
gyuupa ce anemumwbm, MEeAeCHOMO MEe2A0 Hama-
AaBa, nogobpaBam ce uHcyauHoBama cekpeuus,
BvaaexugpamHuam u AunugHuam mamaboAuzbm.
HeBpo-eHgoKpuHO-UMyHHUAM BaraHC ce ,pecmap-
mupa“ upe3 HopmMaAu3zupaHe Ha NnAazmeHume u
mbkaHHU HuBa Ha HeBpompoduHume. Bv3cmaro-
BaBa ce baraHCcbM mexgy Bb3znaaumeaHu u aHmu-
Bb3naaumeaHu agunoyumokuHu 8 macmHama mb-
kaH. Bcuuko moBa Bogu go HeBponpomekmuBHo,
kapguonpomekmuBHo u BazonpomexkmuBHo gel-
cmBua Ha SGLT2-unxubumopume.

KatoyoBu gymu:

3axapeH guabem mun 2, HeBpompoduHu, SGLT2-
UHXUbUMOpU, cCbpgeuHo-cbgoBu noa3u

Mpe3 1986 2. npodp. Puma AeBu MoHmanayu-
HU noAaydu HobenroBa Hazpaga 3a meguuuHa 3a
cBoemo pyHgameHmaro omkpumue Ha pacmex-
Hua ¢pakmop 3a HepBume — Nerve Growth Factor
(NGF) u HeBpompoduHume, pazBumo 8 nocaegc-
mBue kamo HeBpompodHa meopua Ha Puma Ae-
Bu MoHmaauuHu. AHeC ma Hamupa npuroxkeHue 6
MHO20 KAOHOBe Ha buomeguuuHckama Hayka.
[Mpe3 nocregHume 20 20guHU ce HaMpynaxa MHO-
20 Hay4yHu pakmu u HeBpompodgHama meopusa
b6ewe mpaHcaupaHa 8 KAUHUYHaMa NpakmMuKa Ka-
mo HeBpompodgHa meopua 3a namozeHe3ama Ha
memaboAumeH cuHgpoMm U 3axapeH guabem mun 2
(Tun 2 3A) (1,2).

MeguuuHckama xunomes3a 3a HeBpompodp-
Hama meopus bewe gopa3zBuma u gokazaHa upe3
npoyuBaHuama Ha MHo20 u3zcaegoBameau 6 cBe-
ma (1). Tagu xunome3a 3aema CegMo MACMO Cpeq
mon 25 Ha uumupaHume 6 Scopus nybaukauuu 6
cn. Medical Hypotheses mexxgy m. anpua u m. toHU
2006 2. B Web of Science (Thomson Reuters, USA)
nocoueHama nybAukauus Ha aBmopa e eguHagece-
mama Hal-uumupaHa cpeg Bcuukume 608 nybau-
kyBaHu 6 moBa cnucaHue 3a 2006 2. [Npe3 m. ge-
kemBpu 2016 2. ma3u nybaukauus (1), Gewe yumu-
paHa 8 Web of Science 49 nomu. VMicmopusama Ha

be expected, i.e. reducing appetite, increasing
insulin secretion, weight reduction as well as
improvement of carbohydrate and lipid metab-
olism. Body neuro-endocrine-immune balance
is ,restarted” by normalizing neurotrophins
tissue and plasma levels. The balance between
inflammatory and anti-inflammatory adipocy-
tokines in adipose tissue is restored. All this
leads to neuroprotective, cardio protective and
vascular protective effects and to substantial
cardiovascular benefits of SGLT2-inhibitors.

Key words:

Type 2 diabetes, neurotrophins, SGLT2-inhibitors,
cardiovascular benefits

HeBpompodgHama meopusa 3a memaboAaumeH CuH-
gpom bewe cucmemamuszupaHa om aBmopa 6 mo-
Hoepadpusa (3).

YcmanoBeHo e, ye npu 89% om nauvueHmu-
me ¢ Tun 2 3A u npu 20% om nauueHmume c Tun
1 3A ce kacae 3a memaboaumeH cuHgpom. HeB-
pompogHama meopua 3a hamozeHe3ama Ha Tun
2 3A, BucueparHomo 3amabcmaBaHe u memabo-
AUMHUA CUHgPOM nocmaBa xpoHuuHuam Bb3nasu-
MeAeH U/UAU NCUXOEMOUUOHAAEH gucmpec Kamo
ocHoBeH emuonozudeH pakmop. Tol e cBbp3aH ¢
noBuweHu MbKaHHU U NAa3meHu HUuBa Ha NPouH-
dpramamopHume uumokuHu — IL-1, IL-6, TNF-c.. Te
Bogam go npomeHu B8 naazmeHume HuBa Ha HeB-
pompoguHume NGF u npou3BegeH om mo3bka HebB-
pompodgeH thakmop — Brain-Derived Neurotrophic
Factor (BDNF) — om komneHcamopHomo um yBeau-
yaBaHe B Hauaromo Ha 3aboasBaHemo go 3Hauvu-
meAHOMO um HamaaaBare (xunoHeBpompodcune-
mufa) npu nauueHmume ¢ Tun 2 3A u memaboau-
meH cuHgpom (1,2). B nomBbprkgeHue Ha HeBpo-
mpocHama meopus 3a paHHo pazBumue Ha ame-
poCKAepo3a Kamo nocaeguua om xunoHeBpompo-
¢puHemuama npu Tun 2 3A u memaboAumeH CuH-
gpom ca gaHHume u Ha gpyeu aBmopu (2). Ao mo-
meHma Bcuuku uzcaegoBameau ca eguHOgyWHU
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MapugHa XpucmoBa

no CAegHUmMe me3u:

Te3a 1: MacmHama mbkaH € eHgOKpUHeH op-
2aH. Mpu Tun 2 3A u memaboAaumeH cuHgpom e
yBeauveHa BucuepaaHama macmHa MbKaH U Cb-
wecmByBa HuckocmeneHHo Bb3NaAUMEAHO CbC-
mosHue cbC cucmemHo Bb3nareHue B abgomuHan-
Hama macmHa mbkaH, koamo npou3Bexkga aguno-
yumokuHu. ToBa ca npouHAamamopHU U aHMU-
UH(PAAMaMOPHU UUMOKUHU, pacmeskHU pakmopu,
HeBpompoguHU, XOPMOHU U gpyau.

Te3za 2: [pu Tun 2 3A u memaboAumeH cuk-
gpom cbuwecmByBa uHcyauHoBa pezucmeHm-
Hocm - ocHoBeH namozeHemuyueH hakmop.

Te3a 3: C-peakmuBHuam npomeut (CRP) e xa-
pakmepeH npu3Hak 3a Tun 2 3A u memaboAumeH
cuHgpom. CRP nokaszBa cuzHugukaHmHa Bpb3ka ¢
uHcyauHoBama pezucmeHmHocm u KapguoBacky-
AapHUMe ycaoxHeHus (1,2,4,5).

Te3a 4: IL-1, IL-6, TNF-a - 3acuaBam uHcyAuHo-
Bama pe3ucmeHmHoOCM U XunepuHCyAuHemuama.

Te3a 5: [lpu Tun 2 3A, u memaboAumeH CuH-
gpom cbwecmByBa cumnamukomoHuA.

Te3a 6: ['lpu Tun 2 3A, u memaboAumeH CuH-
gpom uma xunoHeBpompoguHemua.

Te3a 7: [pu Tun 2 3A u memaboAumeH CUHG-
pom e cBpbxakmuBupaHa ocma xunomaaamyc-xXu-
nocpu3a-Hagbvbpek, nocaegBaHo om XOpMOHaAeH
gucbanaHc:

* XunepAenmuHemusa

* XUNEPUHCYAUHEMUSA

* Xunepkopmus3oAemusn

* XUnoCoOMamomponu3bm

* Xunomupeougu3bm

* Xuno2oHagu3bm npu mb>keme u noBuweH
MeCcmOoCmepPOH NPU XKeHume.

Te3a 8: Tun 2 3A u memaboAumeH CUHgPOM
ca XpoHUYHU npozpecupawu 3aboaaBaHua. C Han-
pegBaHe Ha Bb3pacmma HapacmBa u 6Gpoam Ha
kKomnoHeHmume (AX, xunepypukemus, gucaunuge-
mus, HapacmBa BucuepasHomo 3amabcmaBane,
BrowaBa ce xunepa2aukemusama). Puckem om
cMbpmHocm HapacmBa ¢ HapacmBaHe Ha 6poa Ha
KomnoHeHmume (6,7).

Te3za 9: pu Tun 2 3A u memaboAaumeH cuh-
gpoM UMa UMYyHOCYNnpecua U yecmu (POKaAHU UH-

hekuuu.

Te3za 10: [pu Tun 2 3A u memaboAumeH cuH-
gpom npozpecupam MUKpo u makpoBackyaapHu-
me yBpeskgaHua, paHHama amepockAaepo3a C 20-
AAM PUCK OM Kapguo-BackyAaapHu YCAOXKHEHUS.

MamocpuzuorozuyHo 0bACHEHUE HAa CbpgeuHo-
cbgoBume noA3u om npuroxeHue Ha SGLT2-uH-
xubumopume 6 c6emaunama Ha HeBpompodpHa-
ma meopus

HanpaBeHume go ceza npoyuBaHua nokazBam, ue
SGLT2-unxubumopume egpukacHo nogobpaBam:

* 2AUKEMUYHUA KOHMPOA — NoHWXKaBam naasz-
meHama 2aoko3a u HbA,

* noHwkaBam mpuaauyepugume u noBuwa-
Bam HDL-xorecmepoa

* noHuwxkaBam apmepuarHomo KpbBHO Haas-
2aHe

* noHuxaBam xunepypukemuama

* HamaanBam macmHama mbkaH U MeAecHo-
mo me2A0

* HamaaaBaHe Ha cbpgeuHo-cbgoBama cmbpm-
Hocm (8)

Kak cmaBa moBa? OmezoBop upe3 HeBpom-
podHama meopua:

Kamo HamaaaBam xunepzaukemusma no He-
uHcyauHo3zaBucum mexaHuzom, SGLT2-unxubumo-
pume HamaaaBam u cekpeuyusma Ha UHCYAUH, a
moBa HamaraBa AunozeHe3ama, HamaanBa ce Buc-
uepaAHama macmHa mbkaH. ToBa e nbpBuam
kaouoB momeHm u Bogu go HamaraBaHe Ha nAaz-
MeHume u mbkaHHu HuBa Ha agnouumokuHume IL-
1, IL-6, TNF-0.. NMocaregBa HamaraBaHe HA uHCYAU-
Ho6ama pezucmenmuocm.

Bmopu kAou08 momenm - omzoBop Ha Te3u
1, 2, 3, 4 - nocaegBa noBuweHa yuyBcmBumearocm
Ha uHcyauHoBume peuenmopu u moBa gonbAHU-
MeAHO Cnomaza 3a HOpmaAu3zupaHe Ha NAa3MmeHa-
ma 2AloKO03a U KoHmpoaa Ha 3A.

AOKa3zaHo e, e npouHgAamamopHume yumo-
KuHu, ocBeH cbyuacmue B uHcyauHoBama pesuc-
meHmHocm Bogam go gucdyHkyua u Bb3moxkHa
gecmpykuua Ha naHkpeacHume B-kaemku (9-11).
3amoBa kamo HamaraBam BucuepasHama macmHa
MbKaH U NpPOouHAAMamMopHUMe UUMOKUHU,
SGLT2-unxubumopume nogob6paBam B-kaembuHa-
ma cekpeuun Ha UHCYAUH U Ha HeBpompoduHume.
M3BecmHo e, ye 3acureHama uHcyauHoBa cekpe-
yua ce ocbwecmBaBa npu Haauvue Ha KaAuud.
HacmbnBa npugBuxBaHe Ha kaauueBu GoHu om
naazgmama kom B-kaemkume. Tam € OMKpUM Kaa-
MOgUAUH, Kolimo cBbp3Ba GoHuzupaHua Kaayuld u
CcAyKU kamo pe3zepBoap u peazyramop Ha ocBo-
6oxkgaBaHemo Ha kaauueBume GoHu, Heobxogumu
3a uHcyauHoBama cekpeuun. HamanraBanemo Ha
BucueparHama macmHa mbkaH Bogu go HamaaaBa-
He Ha AenmuHa. Cnopeg HeBpompodHama meo-
pua — MOYHO XUNEPAENMUHEMUAMA, XUNEPUHCYAU-
Hemusma u 3acuAeHama AunozeHe3za Bogam go
cumnamukomoHus.
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MoHukaBaHemo Ha UHCYAUHA, AeNMUHA U Ha-
MaAeHama AunozeHe3a nog Bv3gedicmBuemo Ha
SGLT2-unxubumopume HamaraBa cumnamuxkoBu-
am moHyc. ToBa goBexxga go HamarnBaHe Ha ap-
mepuaAHama xunepmoHus, HamaaaBa maxukapgu-
ama, HamaaaBa BazokoHCcmpuKkuyuama u ce paswu-
paBa aymeHa Ha kpbBoHocHumMe cbgoBe, nogobpsa-
Bam ce nepdy3zuama u okcugamuBHuam cmpec.
HamaraBanemo Ha cumnamukomoxuama Bogu go
noHuxkaBaHe Ha anemuma (Ha HuBo xunomaaamyc)
U gonbAHUMEAHO HamaAaBaHe Ha BucuepasrHama
MacmHa MbKaH, a OM Mam goONbAHUMEAHO Hama-
AaBaHe Ha npouHAamMamopHUmMe UUMOKUHU U
XpoHuvHomo Bw3nareHue — omzoBop Ha Te3a 5.

Bcuuku nocoueHu go myk BGaazonpuamuu
epekmu ca nocaeguua om uHxubupawun eekm
Ha SGLT2-unxubumopume Bbpxy 2Al0KO3HamMa pe-
abcopbuua u HamaraBaHe Ha xunepzaaukemuama,
He3aBbucumo om eHgozeHHama uHcyauHoBa cek-
peuus. B HamaaaBaHemo Ha cumnamukycoBua mo-
Hyc, cbyuyacmBa u gpyauam KOMNOHEHM OM UHXU-
6umopHomo getcmBue Ha SGLT2-uHxubupaHemo,
a UMeHHO uHxubupaHemo Ha HampueBama peab-
copbuua. 3acuneHama Hampuype3a ce nocaegBa
OMm HamaAeHa KaAuype3a, a kakmo Beve bGewe
cnomeHamo uma npeHaco4Bare Ha kaauyueBu GoHuU
Kbm B-kAemkume. ToBa npomeHa cbomHOWeEHUE-
mo KaAul/kaauul 6 naazmama, kamo 20 uzmeaaa 6
nocoka Ha HapacmBare Ha Kaaua. M36ecmHo e, ue
moHycbm Ha BezemamuBHama HepBHa cucmema
ce onpegeAs 0m CbOMHOWEHUEMO KaAul/KaAuud,
Koemo HopmMaAHo e mexkgy 1,9-2,06. Koezamo moBa
cbomHoweHue e nog 1,9 cowecmByBa cumnamu-
KomoHus. AukBugupaHemo Ha cuUMNamMuKOMOHU-
ama e mpemuam KAl4o8 momenm B8 gedcmBue-
mo Ha SGLT2-uHxubumopume.

Kak SGLT2-unxu6umopume noBauaBam xunoxe6-
pompocuHemuama?

HeBpompoduHume ca no3Hamu gHec Kamo
Meguamopu Ha MHO020 OUOAO2UYHU (PeHOMEHU,
npegu3zBukaHu om mexHume HeBpompodHu, me-
mabompogHU, enumeAuompoHU U UMYHOMPO-
HU ecpekmu. Te3u edpekmu ca uzkAYUMeAHo Badk-
HU 3@ NoggbprkaHe Ha kKapguomemaboAumHama xo-
meocmasa (2AI0KO3eH U AunugeH memaboAu3zbm,
eHepaueH DaAaHC, Kapguonpomekuus, Hegponpo-
mekuus, HeBponpomekuus, peHonpomekuus).

NGF u BDNF ca cuzHaau moaekyau 3a HepBHa-
ma, eHgoKpUHHama U UMyHHama cucmemu U nog-
gbp>kam baraHca mexxgy max. HepBHume, eHgo-
KPUHHUME U UMYHHUME KAEMKU eKchpecupam pe-
uenmopu 3a NGF u BDNF u au cexpemupam: (1, 2, 4).
NGF u BDNF kamo memabompoduHu:

* NGF uma cmpykmypHa xomoAo2ua C Npo-
UHCYAUH.

* NGF/BDNF ce npogyuyupam om naHkpeac-
Hume B-KAemKuU U uMam UHCYAUHOMPONEH epekm.

* NGF/BDNF ca mpoduuHu cakmopu 3a
naHkpeacHume B-kAemku, a CbWwo maka me nogno-
mazam B-krAembyHama mpaHcnAaHmMauyua.

* NGF noBuwabBa exkcnpecuama Ha LDL-pe-
uenmop-cBbp3zBawua npomeuH.

* NGF nogobpaBa aHmuokcugaHmHama Xo-
meocmasa.

* NGF/BDNF HamaaaBam npuema Ha xpaHa.

* NGF nogobpaBa guabemHama epekmuaHa
gucyHKuuA.

* 3gpaBocroBHuam HauuH Ha >xuBom noBu-
waBa mo3zbuHUMeE u/uAu uupKyAupawume HuBa Ha
NGF/BDNF.

* AmepozeHHume puckoBu pakmopu (602a-
ma Ha ma3HuHu guema) HamaaaBam NGF/BDNF.

* [NrazmeHume HuBa Ha NGF ca HamaneHu
npu guabemua HeBponamusa u npu memaboaumeH
CUHQPOM.

M3Becmuo e, ue NGF uma cmpykmypHa xo-
MOAO2UA C NPOUHCYAUH. 3amoBa Aoz2uuHO e ga ce
NPegnoAoXuU, Ye no nogobue Ha uHcyauHoBume
peuenmopu, HacmbnBa noHuXKeHa ekcnpecua
(,down” - pezyrauyun) Ha peuenmopume 3a NGF
u BDNF 3aegHo ¢ xunoHeBpompoduHemuama npu
ycroBuama Ha noBuweHu npouHpAamamopHu uu-
MOKUHU U noBuweH KopMu30A NpU navueHmu ¢
Tun 2 3A u memaboAumeH CUHgPOM.

HamanreHuemo Ha xpoHuyHomo Bb3naseHue
u ILT, IL-6, TNF-a, a 8 nocaegcmBue u Ha Kopmu3o-
Aa nog gedcmBue Ha SGLT2-unxubumopume 6u
goBeno go ,up“-pezyrauun Ha peyenmopume 3a
NGF u peuenmopume 3a BDNF. NGF uma uen-
MmpaAeH pea2yramopeH U memaboAumeH edgpekm,
Bb3gedcmBaiku noBuwabBawpo Ha umyHopeak-
muBHocmma Ha 2aaBHua opekcuzeHeH HeBpo-
mpaHcmumep HeBponenmug mupo3uH (NPY) u Ha
CRH (12). Taka moxe ga ce ouakBa 3acurBaHe Ha
O6AazonpuamHume edpekmu Ha me3u HeBpompo-
¢puHU - HamaraBaHe Ha anemuma u Npuema Ha xpa-
Ha, 3acuABaHe Ha B-kaembuHama uHcyauHoBa ce-
Kpeuusa u 6aazomBopHo gelicmBue Bbpxy Bbeae-
XugpaHmHama u AunugHama obmaHa u pegykuua
Ha mea2aomo. YBeAuueHOmMoO cekpemupaHe Ha
NGF, BDNF om naHkpeacHume B-krAemku, om
CAIOHUYEHUME >KAe3U, om macmouumume, a ype3
MAX U OM MUKpPO2AUAAHUME KAEMKU Ha Xunomaaa-
Myca, we 3acuAu enumeauomponHomo geticmBue
Ha NGF/BDNF Bbpxy enumeaa Ha kpbBoHocHUMe
cbgoBe. ToBa nogobpaBa eHgomeAHama gUCYHK-
uua u HamaaaBa mukpoarbymuHypuama. o napa-
KpuHeH nbm yBeauuyeHuam 6pol Ha macmouumu-
me u cekpemupaHuam om max NGF u xucmamuH
we Hamaram mpomboobpazyBaHemo, koazyaauu-
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oHHama akmuBHocm. AokaAaHo cekpemupaHume 6
cmeHama Ha kpwBoHocHume cbgoBe NGF/BDNF
nogobpaBam mpodukama Ha cbgoBeme u Hama-
AaBam obpazyBaHemo Ha amepozeHHUmMe NnAaku,
nogobpaBa ce nepdy3zuama Ha kucaopoga (13) —
OmeoBop Ha Te3za 6.

HamannBanemo Ha BucuepaaHama macmta
MbKaH cAeg npuAoxkeHue Ha SGLT2- uHxubumopu-
me Bogu go HamaaaBaHe u Ha XOopMoHaAHUA gucha-
AaHc — Teza 7. M38ecmHo e, ye yacm om Bucue-
paaHama macmHa MbKaH € Pa3nNoAO>KeHa OKOAO
opeaHume — cbpue, 6vbpeuu HagbvOpeuyu, okoro
KpbBoHocHume cbgoBe, alduyHuyu, npocmama,
AumcpHU Bb3Au. Tazu ope2aHo-acouuupaHa macmxa
mMbKaH peayaupa PyHKuuumMe Ha cbomBemHume
opeaHu aBmo u napakpuHHO Ype3 agunoUUMOKU-
HUMe, Koumo cekpemupa. MacmHama mbkaH e
€HJOKPUHEeH op2aH, KOMUHUKUpaw, U C MO3bka
(upe3 aenmuna, NGF, BDNF) u ¢ nepudepHume
mokaHu (1, 2, 4).

YBeauueHama OBucuepaaHa macmHa mbkaH
OKOAO Hagbwbbpeuume, ype3 agunouumoKuHUMe
no napakpuHeH nbm 3acuaBa npogykuuama Ha
KOPMU30A, aAgOCMEPOH, KamexoAamuHu, noroBu
cmepeougHuU XopMmoHU om Hagbwvbpeuyume. MNoBu-
weHama Nnpogykuua Ha aH2UOMEH3UHO2eH om
macmHama mbkaH akmuBupa peHUuH-aH2UOmMeH-
3uH-arngocmepoHoBama cucmema. Bcuuko moBa,
3aegHoO CbC cumnamukomoHuama Bogu go apme-
puaAHa xunepmoxua npu Tun 2 3A. ToBa o6acHaBa
Bpb3kama mexkgy XxunepaAaukemua u Xunepmoxus.
SGLT2-unxubumopume kamo HamaAraBam macmHa-
ma mbkaH HamaAaaBam npouHAamamopHume yu-
MOKUHU, HamaraBam cumnamukomoHuama, Hama-
AaBam xunepakmuBauyuama Ha ocma xunomaaa-
Myc-xunou3a-Hagbvbpek u nogobpaBam baran-
ca Ha xopmoHume — yemBbpmu KAlO4008 momeHm.

* HamaraBa AenmuHbmM

* HamaaaBa kopmu3zoAbM

* HamaraBa aagocmepoHbM

* HamaraBam kamexoAamuHume

AgpeHaaHume xopmoHu yyacmBam 8 peayna-
uuama Ha NGF u HezoBua peuenmop. Mpogbaxu-
meAHUAM XunepKopmu3oAu3bm gelicmBa kKoHmpa-
peayaamopHo u HamaraBa cekpeuuama Ha NGF Ha
ueHmpanHo HUBO, a CbWO U OM CAIOHUEHUME XKAe-
3u. Had-8akHuam mapezemeH opzaH 3a NGF e Hag-
6b6pexkom (12, 14).

M3BecmHo e, yue Bucokume naazmeHu HuBa
Ha Kopmu3oAa ca npuduHa 3a aAenmuHoBa pe3uc-
meHmHocm. [Mpu HamaaaBaHe Ha nAazmeHua Kop-
mu3ona ce yBeauuaBa cexkpeuuama Ha NGF, BDNF
u ce Bb3cmanoBaBa feed-back mexaHuzmbm 3a pe-
2yaauua Ha HUBo xunomanamyc. B pesyamam Ha
moBa ce nomucka anemumbm U NPUEMbM Ha Xpa-

Ha. Bucokume kopmu3zoaoBu HuBa npu memaboau-
meH cuHgpom u Tun 2 3A ca npuyuHa 3a UMYHO-
cynpecua (HamaaaBam macmouumume, HamannBa
NGF) u wecmu Bb3naaumeaHu 3aboaaBaHua npu
me3u navueHmu. HamaraBaHemo Ha XOpmoOHaAHUA
gucbanraHc u noBuwabare Ha NGF oBaagaBa umy-
Hocynpecuama u yecmume Bb3nareHus - omzo-
6op Ha Teza 9.

BrazonpuamHomo noBauaBaHe Ha HeBpo-
mpoduHume e nemu kaouoB momeHm. C moBa ce
HamaraBam cbpgeuHo-cbgoBume puckoBu gak-
mopu, 3abaBa ce amepockaepo3zama (13) u Hac-
mbnBam cbpgeuHo cbgoBume NOA3U OM NPUAO-
»eHue Ha SGLT2 - omzoBop Ha Te3a 8 u Teza 10.

B 3akaloyeHue

Ypes3 HopmaAu3upaHe Ha MbKaHHUME U NAA3-
meHu HuBa Ha NGF u BDNF ce ,pecmapmupa”
HeBpo-eHgoKpPUHO-UMYHHUAM baaaHc 6 opeaHus-
ma. Bb3cmaroBaBa ce 6araHcbm mexkgy uHgAama-
MOPHU U aHMU-UH(PAAMAMOPHU aguNOUUMOKUHU
6 macmHama mwbkaH. Bcuuko moBa Bogu go HeB-
ponpomekmuBHo, kapguonpomekmuBHo, Hed-
ponpomekmuBHo u cbgoBonpomekmuBHo gel-
cmBue u go cbpgeuHo-cbgoBu noazu om SGLT2-
unxubumopume. bvgewu npoyuBaHua Ha Kapguo-
BackyaapHume noa3u om AeveHuemo cbc SGLT2-
uHxubumopu, BrkarouBawu uzcaegBaHe Ha NpPouH-
hAaMamopHU UUMOKUHU, HeBpompoguHU, XOPMO-
HaAHU u3caegBaHua u gpyeu, 6uxa gaau omeaoBop
Ha HeacHUmMe go momeHma Bbnpocu.

baazogapHocmu

U3zpazaBam gwvaboka bGaazogapHOCm Kbm
npog. Ayug>xu Aroe u g-p Mapko @Quope om UH-
cmumyma no HeBpobuorozua u moaekyaapHa
meguyuna 6 Pum, Umaaua, kem npogp. Feopzu
YargwvkoB u goy. lNemsp lene6 om Meguyurcku
yHuBepcumem - BapHa, 3a okazaHama mu nomouy
u nogkpena npu uzcaegBanemo Ha HeBpompodu-
Hume u macmouyumume.
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OpuzuHanHa cmamug

lMoaumopduzmom Pro12Ala npu npeguabem u
3axapeH guadbem mun 2 6 uzB6agka om

bbAZapckama nonyrayun

3axapueba, EmaHyeaa L16.", Kameno8, 3gpabko A.", CaBo6, Arekcel C.’
"YMBAA ,ArekcaHgpoBcka”, Kaunuka no EHgokpuHoaozusa, MY, Codusn
> YAIB ,MatuuH gom”, HauuoHaaHa 2eHemuuHa aabopamopusa, MY, Cocusa

Agpec 3a KopecnoHgeHyuA:
g-p EmaHyena 3axapueBa

YMBAA ,ArekcaHgpoBcka“, KAuHUKa no eHgoKpuHoAoz2us,

6ya. I. Cocputicku Ne1, 2p. Cocpua NK1431
e-mail: zaharieva_e@abv.bg

Pe3iome

BwvBegenue: Toaumoppuzmbm Pro12Ala 6 2eHa PPARG2, kogupaw, nepoKkcuzomeH npoAugpepamop ak-
muBupaH peuenmop 2ama, ce cBbp3Ba c HamareH puck om pazBumue Ha 3axapeH guabem mun 2 (3A2) u no-

gobpa uHcyauHoBa uyBecmBumearnocm.

Llea Ha Hacmoawomo npoyuBaHe e mbpceHe Ha acouuauua Mexxgy noAumopdu3imMa u yecmomama Ha

3A2 u npeguabem 6 uzBagka om GbA2apckanonyAauuA.

TMayueHmu u memogu: NMpoekmbm BkatouBa 114 nayueHma cbe 3A2, 29 gywu c npeguabem u 27
3gpaBu koHmMpoau. leHemuyHuam aHaau3 ce u3Bbpwu ¢ noaumepa3zHa BepurkHa peakuua u nocaegBaw,

pPECMPUKUUOHEH aHaAu3.

Pezyamamu: He ycmarnoBuxme 3Hauuma pazauka 6 yecmoma Ha Xxemepo3u2omHua 2eHOmMUN NpU AUUQ-
ma cbc 3A2 u npeguabem cnpamo KOHMpoAume, HoO MouU e No-Yecmo cpewaH npu NnpeguabemHo cbCcmMonaHue,
omkoakomo npu 3A2 (34,5% cpewy 17,5%, p=0,045). B gBeme 2pynu xemepo3zuzomHuam 2eHomun He e
cBbp3aH cbe cuzHugukaHmHa pazauka 8 aHmponomempuyHuMe U MemaboAUMHU NoKa3ameau.

3akaroveHue: B Hacmoawomo npoyuBare noaumopguimbm Pro12Ala He ce acouuupa ¢ puck om 3A2 u
npeguabem, HO moyke ga uma npomekmuBHa poaa B eBoaouuama Ha npeguabemHomo cbcmosaHue.

KarouoBu gymu: noaumoppu3zbm Prol12Ala, 3axapeH guabem mun 2, npeguabem

BbBegeHue

[MNepokcuzomeH npoaudpepamop akmuBupaH pe-
uenmop 2ama (PPARY) e aueaHg-3aBucum mpaHckpun-
UUOHEH (PAaKMOp, NPUHAgAEXKAW, KbM CynepeamuAus-
ma Ha HykaeapHume peuenmopu. HezoBa karouoBa
poAa e yyacmuemo my 6 gudpepeHuuauuama Ha agu-
noyumume. Todl uMa OMHOWEHUE KbM ONpegeAaHemo
Ha uHcyauHoBama uyBcmBumearocm u noBauaBa 06-
maHama Ha aunugume u Bvaaexugpamume (1). PPARy
uma u cbuwecmBeHa MACMO Kamo UMYHOMOGYAAMop,
uHxubupalku getdcmBuemo Ha MpaHCKPUNUUOHHU
gpakmopu kamo AP-1, STAT, NFkappaB u nomuckadku
eKkcnpecusma Ha Npo-UHPAAMaMOopPHU UUMOKUHU (2).

B kAuHuuyHama npakmuka PPARy azoHucmume
nogobpaBam uHcyauHoBama uyBcmBumeaHocm u
2AUKEMUYHUA KOHMPOA NpU NayueHmume CbC 3axa-
peH guabem mun 2 (3A2). Te umam u cbwecmBeH
npuHoc 6 oBragaBaHemo Ha XpOHUYHOMO CYOKAU-

Hu4YHO Bb3nareHue, NPUCHWO 3a uHcyauHoBama pe-
3ucmeHmHocm (3).

Kogupawuam 2eH PPARG e arokaauzupaH 8 xpo-
mo3oma 3p25. Tol ce ekcnpecupa 8 gBe uzogopmu -
pe3yamam om aamepHamuBeH cnaaticuHe - PPARGT,
eKcnpecupaHa Om MHO20 COMamMuYHU KAeMKU, U
PPARG2 - ycmanoBaBaHa npegumHo 8 agunouumu-
me (4). NMoaumoppuzmbm Pro12Ala (rs1801282) 6
PPARG2 e eguH om Hal-u3zcaegBaHume 68 enugemuo-
AoeuuHu npoyuBanua (5). Cnpamo guBua area (A)
npomaHama 6 HykaeomugHama nocaegoBameaHocm
(anea G) Bogu go 3amaHa Ha amuHOKUCEAUHama Npo-
AUH C aA@HUH Ha 12-mo macmo om KogupaHama nen-
mugHa Bepuza, koemo npomeHa cBobp3Bawua acpu-
HUMEeM Ha peuenmopa u mpaHckpunuuama Ha 3abu-
cumume om Hez2o 2eHu (6). M3caegBaHuama nokasz-
Bam HocumeacmBomo Ha area G cpeg 1,7 go 21,6%
om 3gpabu Auua om eBponeugHama paca (7). Npe3
90-me 20guHU Ha muHaAua Bek mou 3a nbpBu Nbm ce
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acouyuupa C HamaAaeH puck om pa3zBumue Ha 3A2.
CaegBam npoyuBaHua u mema-aHaAu3u, KOUMO NO-
mBbp>kgaBam npomekmuBHama my poas. (7)

Anren G e cBbp3BaH u ¢ no-gobpa uHcyauHoBa
yyBcmBumeanocm, gokamo gaHHUmMe 3a acouuauus
C uHgekca Ha meAecHa maca (MTM) ca npomuBope-
yuBu (6,8-11). Macmomo Ha noAumopu3ma
Pro12Ala npu pazBumue Ha npeguabemHo cbcmos-
Hue e crabo npoyuero (12).

Lleama na npoyuBavemo e ga Gbge oueHeHa
yecmomama Ha aren G 6 noaumopdpuzma Pro12Ala
npu nauueHmu cve 3A2 u npeguabem u cpaBuaBare
c yecmomama um npu 3gpaBu KoHMpoAu cpeg u3-
Bagka om 6bA2apckama nonyaauusa u ga ce nomwbp-
CU acouuauua Mexxgy 2eHomuna u memaboAumHus
peHomun Ha BkaloveHume ydacmuuuy.

NMauueHmu u mMemogu

B Hacmoawomo cpe3oBo npoyuBaHe ca Bralouve-
Hu 114 nauueHma cbc 3A2 (65 xeHu u 49 muxke), 29
AUU@ € npeguabemHo cbcmonHue (25 xeHu u 4 mbxe)
u 27 gywu 3gpaBu koHmpoau (13 xeHu u 14 mbxke).
IMpoyuBaHemo e npoBegeHo 6 yHuBepcumemckama
Kaunuka no Engokpuroaozua Il HuBo Ha YMBAA
»ArekcaHgpoBcka” u e ogobpeHo om Komucuama no
emuKa 3a HayuHu u3caegBaHua npu MeguuuHcku YHu-
Bepcumem, Codpua. Bcuuku yuacmHuuu ca gaau nuc-
MEHO UHPOPMUPAHO Cb2Aacue 3a yvacmue.

Kpumepuume 3a BkatouBane 8 npoyuBaHemo ca
3A2 u npeguabemHo CbCmoAHUE, guazHOCMuUUUpUA-
HU CbeAaCHO Kpumepuume Ha AmepukaHckama Aua-
6emHa Acouuauusa (AAA) (13). M1360pbmM Ha NO-HUCHK
guazHOCMUYEH Npae 3a HapyweHa 2AUKemun Ha 2Aag-
Ho no3BoaaBa o6xBawaHemo Ha no-2oaam 6pol nauu-
eHmu 6 puck om pazBumue Ha 3axapeH guabem mun
2. V3kaouBawu Kpumepuu ca 3axapeH guabem mun
1, npugpyxaBawu KAauHuuHO u3aBeHu ocmpu uAu
XpoHuUYHU Bb3naaumeaHu 3aboaaBaHua, CYE > 30
MM/4, XpoHUUHO BbOpeuHo 3aboaaBaHe c uzducaeHa
2A0MepyAHa  puampauua < 30mA/muH/1,73k8.m,
mpaxcamuHa3zu, HagBuwaBawu gBa nbmu 2opHama
pedpepeHmHa 2paHuua, NncuxuuHu 3aboaaBaHus, Heo-
naazmu. KoHmpoaHama 2pyna BkatouBa KAUHUYHO
3gpabu gobpoBoauu ¢ ITM nog 30 ke/kB.m.

Mpu Bcuyku nauueHMu e cHema aHamHe3a u
npoBegeH pu3zukareH npezaeg. Ha 2aagHo e B3ema
KpbB upe3 BeHenyHKyuA 3a onpegeanHe Ha NAa3meHa
2AtoKo3a Ha 2aagHo (M1T), npu guabemuuu u nocm-
npaHguaaHa (MIMT) — gBa vaca caeg obegHomo xpa-
HeHe, AunugeH npoduA. OpaseH 2AI0K030-MOoAepaHCeH
mecm (OITT) e npoBe>xkgaH cnopeg uzuckBaHuama Ha
AAA. (13) lMpu Auuama ¢ npeguabem e uzcregBaH u
umyHopeakmuBeH uHcyauH (MPU) Ha 2aagHo. MHcyau-
HoBama uyBcmBumeanocm Gewe ougHeHa NO xoMeoc-
ma3eH MogeA 3a oueHKa Ha uHcyauHoBa pe3ucmeHm-
Hocm (HOMAIR) upe3 cpopmyrama HOMA index =
(T, mmol/1) x (MPU, mU/l) / 22,5 npu Auua 6 npegua-

6emHo cbcmonHue (14). M3caegBarua ca npoBegeHu
Nno cmaHgapmHu AabopamopHu mexHuku 6 LleHmpan-
Ha KAUHUYHa Aabopamopua kbm YMBAA ,AaekcaHg-
poBcka”, koamo e pepepeHmHa 3a cmpaHama.

FeHomunupaHe

N3caegBaruama ca npoBegeru B8 HauuoHarHama
2eHemuyHa Aabopamopusn, CBAAAT ,MaduuH Aom”.
Ype3 BeHenynkuua e B3ema kpvuB 6 enpyBemku c
K3-EATA 3a eH3umHa amnaudpuKayua u pecmpukyuo-
HeH aHaau3. [NoaumepazHama BepuxkHa peakuus
(polymerase chain reaction — PCR) e npoBegeHna 6 15
ul peakuuoHHa cmec, cvgbpykawa 10X PCR 6ygpepeH
pazmBop, 200uM om Bceku gezokcupuboHykaeo-
mugmpudpocpam (gHTD), 2,0 mM MgCl,, 15 pmol
om Bceku npaumep, 1,25 U Tag-noaumepasza u 100 ng
2eHomHa mampuuHa AHK. PCR 3anouBa ¢ nbpBoHa-
YaAHa NpogbAXKUMEAHA geHamypauua Ha 94 °C 3a 5
muHymu. CaegBa uukba, kolimo ce noBmapsa 30 nb-
mu: mepmuyHa geHamypauua Ha 95 °C 3a 30 cekyH-
gu, xubpuguszauusa 3a 30 cekyHgu Ha 57 °C u cuHme3y
Ha 72 °C 3a 1 muHyma. MNpouegypama 3aBbupwba c
OKOHYameAeH cuHmes 3a 5 muHymu Ha 72 °C.

3a HamHoxaBaHe Ha yuyacmbka CbgbpKaw, U3c-
AegBaHua noAumopu3bM ca uznoazBaHu npadmepu:

F — 5’GCCAATTCAAGCCCAGTC3Y/

R-5'GATATGTTTGCAGACAGTGTATCAGT-
GAAGGAATCGCTTTCCG3'.

MoayuyeHuam PCR npogykm e c gbaxuHa 270
HykaeomugHu gBolku. INpoBege ce pecmpukuuoHeH
aHaauz ¢ pecmpukmasza BSTU | pa3no3Bawa naaun-
gpomHama nocaegoBamearocm 5' CGCG 3" Ha 60
°C ¢ pa3geaaHe Ha (ppazameHmume Ha 2,5% azapo3eH
2eA. 3amaHama Ha Hykaeomug A ¢ G Bogu go pa3py-
waBaHe Ha macmo, pazno3HaBaHo om pecmpukma-
3ama. OuakBa ce noayuaBaHemo Ha 270 Hyreomug-
Hu gBolku 3a xomo3uzomu 3a guB mun (AA), 270,
227 u 43 HykaeomugHu gBolku 3a xemepo3u2omeH
2eHomun (AG), 227 u 43 3a xom03u20mu 3a peuecu-
BeH aren (GG).

Cmamucmuyecku aHaaus

AaHHume 6axa BbBegeHu u obpabomeHu cbc
cmamucmuyeckua nakem IBM SPSS 19 Statistics
Package (Chicago, lllinois). 3a HuBo Ha 3Hauyumocm,
npu koemo ce omxBbpaa HyaeBama xunomesa 6e u3-
6paHo p<0,05. M3noa3Baxme moueH mecm Ha Duwep
u mecm %2 - 3a npoBepka Ha Xunome3u 3a HaAuvue Ha
Bpb3ka mexkgy kamezopulHu npomeHauBu. MpoBepka
Ha xunome3u 3a pazAudue mexkgy gBe HezaBucumu u3-
Bagku b6ewe ocbuwecmBeHa ¢ T-mecm Ha Student uau
HenapamempuyeH mecm Ha Mann-Whitney.

Pesyamamu

OcHoBHume xapakmepucmuku Ha BkAaloueHume
ydacmuuyu ca onucaru 6 Tabauua 1. PaznpegeaeHu-
emo mexgy noaoBeme He e om cmamucmuuecka
pazauka npu guabemHama u KOHMpPOAHa 2pyna (p=
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EmaHyena 3axapueBa u compygHuyu

0,405). B pamkume Ha npeguabemnama u3zBagka Au-
uama om Mb KU NOA Ca NO-MaAKo om npegcmaBume-
AUME Ha >keHckua cnpamo guabemuama (13,8% cpe-
wy 43%, p=0,004) u cnpamo koHmpoaHama (13,8%
cpewy 51,9%, p=0,002) 2pyna.

leHomunHomMoO paznpegereHue e cpabBHumo ¢
ouakBaHomo cnopeg 3akoHa Ha Xapgu-BatHbGepz —
3A2 - p=0,305, npeguabem - p=0,262 u KOHMPOAU -
p=0,678). F[eHOMuUNHOMO U aAeAHO YeCmOoMmHoO pazn-
pegeAeHue npu nayueHmume cbc 3A2 u mes3u ¢ npe-
guabem He ce pazaudaBam 3HavumMeEAHO cnpamo me-
3u npu KoHmMpoaume. KoHcmamupaxme, obave, no-
Bucoka yecmoma Ha Xemepo3u2omHua 2eHomun
(AG) cpeg Auua c npeguabemHo CbCMOAHUE CNPAMO
me3u cbc 3A2. Cpeg Auuama ¢ npeguabem yecmo-
mama Ha 2zeHomun AG meXXgy cayyaume Ha Hapyuwe-
Ha 2AUKEMUA Ha 2AagHO U HapyweH Bbaaexugpame
moaepaHc He ce pa3zauvaBawe 3HavumeAHo (Cbom-
Bemuo 35,7% cpewy 33,3%, p=1,0). B Humo egHa
om 2pynume He ce ycmaHoBu xomo3uzomeH 3a pe-
uecuBrua area 2eHomun (GG) (Taba. 2).

AHmponomempuyHume nokazameau 6 guabem-
Ha u npeguabemHama 2pyna He ce pa3zaudaBaxa 3Hayu-
meaHo (p>0.05) npu xomo3uzomeH 3a guBusa area (AA)
u xemepo3uzomeH (AG) 2eHomun (TM = 32,84+7,27
ke/kB,m cpewy 30,73%£5,00 ke/kB.m npu 3A2 u
35,53+7,86 ke/kB.m cpewy 34,84%5,20 ke/kB.m. 3a npe-
guabem; obukoAka Ha maausma = 104,01+£15,88 cm
cpewy 98,30+12,03 cm 3a 3A2 u 103,63%14,87 cm cpe-
wy 101,80+12,72 cm 3a npeguabem). MNpucbcmuBemo
Ha area G He ce cBbp3Ba ¢ pa3auka 666 Bbzpacmma
Ha nocmaBaHe Ha guaeHo3ama 3A2 (48,57+7,622. cpe-
wy 50,57+8,962., p>0,05). MauueHmume c gBama 2e-
Homuna umaxa cpaBHum aaukemudeH koHmpoa (HbA,
= 8,15+1,92% cpewy 7,88%1,76%; IIT = §,33+3,04
mmol/l cpewy 6,93£2,51 mmol/l, MIMr = 8,20+3,38
mmol/l cpewy 7,79£3,38 mmol/l, p>0,05). He ce koH-
cmamupa u pazauka 8 uHcyaunHoBama uyBecmBumen-
Hocm npu Auuyama ¢ npeguabem 8 3aBucumocm om
2eHomuna (HOMA uxgekc = 4,82+2,71 cpewy 3,79+
1,97, p>0,05).

ObcbikgaHe

Mawabume Ha 3a6oaeBaemocmma om 3A2 Ha-
pacmBam c Bcaka uzmuHara 2oguHa. o gaHHU Ha
MexgyHapogHama AuabemHa @Degepauus, Kbm
2015 2. 415 muAuoHa gywu umam guabem, om Kou-
mo 91% ca mun 2, a go 2040 2. ce ouakBa 6poam um
ga HagmuHe 640 muauoHa. Noumu npu 200 muauoHa
gywu ce cquma, ye 3aboanBaHemo Bce owe He e paz-
no3zHamo (15). Cmpamezauume 8 6opbama cbe 3axap-
Hua guabem 3anouBam c He2oBomo akmuBHO mbpce-
He. YcmaHoBaBanemo Ha noBuweH puck om 3aboasa-
BaHe, 0cobeHO C XpoHUYEeH XOg U COuUaAHa 3Hauu-
mocm, npegnoaaza momuBupaHe Ha nauueHma u Aexy-
Bawun Aekap 3a pegoBHa KAUHUYHA U AaBopamopHa
ougeHka, npomaHa B8 cmuaa Ha xxuBom, cBoeBpemeHHo

guazHocmuuupaHe u BkatouBaHe Ha mepanus.

Hacmoawomo npoyuBaHe He ycmanoBu acouu-
auua mexxgy noaumopduima Prol12Ala u pazBumue-
mo Ha 3A2 6 uzcaegBanama uzBagka om GbAa2apcka-
ma nonyaauua. Yecmomama Ha xemepo3u20mHus
2eHomun (AG) He ce pa3zaudaBa u npu Auuama c npe-
guabem cnpamo KoHmMpoAHama 2pyna. YcmaHoBeHa-
ma no-Bucoka yecmoma Ha area G cpeg Auua ¢ npe-
guabem cnpamo 3A2 nocmaBa Bbnpoca 3a 2eHemuu-
Homo BauaHue Bbpxy pucka om npozpecus Ha npe-
guabemHomo cbcmoaHue 8 guabem. FoguUWHO mMex-
gy 5 u 10% om Auuama € HapyweHa 2AUKemun Ha
2AagHO UAU HapyweH BbaaexugpameH moaAepaHc
pazBuBam 3A2, npu kombuHauuama um — go 19% u
puckbm moBa ga ce cayyu 3aBucu om puzuyeckama
akmuBHocm, Kyamypama Ha XpaHeHe, paznpegeae-
HUEMO Ha MacmHama mbkaH, 6b3pacmma, pamuaHa-
ma obpemeHeHOCm, emHUYecKa NPUHAgAEXXHOCM U
gp. Cyuma ce, ye go 70% om Auyama c npeguabem
8 kpalHa cmemka pazBuBam u 3A2 (16, 17). TeHe-
muyHuam ¢pakmop 6 pazBumuemo Ha HapyweHama
2AUKEMUA HA 2AagHO U HapyweHua BbaaexugpameH
moaepaHc e mbpceH 8 mHoxkecmBo noaumopu3mu,
3a KOUMO e onucaH Moguduyupaw, npegpaznoAoXKe-
Hocmma kbm 3A2 edekm, BkarouumeaHo u 6
Pro12Ala uau rs1801282 6 PPARG2. (18) Kakmo no-
Kajaxa u Hawume pe3yamamu, mol Hama makaBa
poaa u B8 moBa omHoweHue omcmbnBa macmo Ha
gpyau noAumopduimu kamo rs972283 6 KLF14
(Kruppel-like factor 14), rs5945326 6 DUSP9 (dual
specificity phosphatase 9), rs13266634 6 SLC30A8
(solute carrier family 30 (zinc transporter), member 8)
(18). Bbnpeku moBa ce mbpcu npomekmuBHa cmou-
Hocm Ha areA G npu Pro12Ala 8 eBoaouusma Ha
npeguabema kbm 3A2, koemo nomBbprkgaBame u ¢
Hacmoawemo npoyuBaxe (19, 20).

HocumeacmBomo Ha aaea G Ha Pro12Ala He ga-
Ba ompaxeHue Bbpxy Bv3zpacmma Ha noaBama Ha
3A2 u He e cBbp3aHO CbC 3HaUUMEAHU pazAuku B
KOHMpoOAa Hag meaAaomo u 2aukemuama npu 3A2 u
Auua ¢ npeguabem, Bbnpeku AumepamypHume gaH-
HU 3a HaAu4ue Ha acouuauyua Mexxgy NoOAUMopuU3Ma
u TM, koeamo cmoluHoCcmume Ha NOCAegHUA NOKA3-
Bam 3amabcmaBaHe (11). Mpu cmamucmuyecku
cpaBHuMu aHMponomemMpuyHU NOKa3ameAu He KOH-
cmamupaxme pazauka 8 uHcyauHoBama uyBcmBu-
meAHOCM Npu Auyama ¢ npeguabem.

Hacmoawomo npoyuBaHe uma HAKOAKO AUMU-
mupawu pakmopa. Ha nbpBo macmo moBa e maaku-
am 6pol nayueHmu. Om He NO-MAAKO 3HauveHue e
HenpaBuAaHOmMO pa3npegeseHue mexgy noaoBeme
npu npeguabemHama cnpamo guabemHama u KoH-
mpoaHama e2pyna. BausHuemo Ha noaumopduzma
Pro12Ala Bbpxy pucka om 3A2, oueHeHo kamo Odd
Ratio, Bapupa 6 aumepamypama mexkgy egBa 0,79 u
0,86 (7) u pazmepbm Ha Hacmoawama u3Bagka mo-
e ga 6bge npuduHa 3a Auncama Ha nomBbpykgeHue
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Ha npomekmuBHama poaa. M3caegBaHua no npobae-
ma B no-zoaam mawab bGuxa gonpuHecAau 3a uzacHaBa-
Hemo Ha moguguuupawama poAa Ha NOAUMOPCU3Ma
Pro12Ala 8 npoepecuama Ha npeguabem 8 3A2, Ho u
6 pazBumuemo Ha Bcako egHO OM MAX NO OMEAHO.

3akalovyeHue

He ce HabaogaBa acouuauyua mexgy noAumop-

gpu3ma Pro12Ala u 3aboreBaemocmma om 3A2 u

npeguabem 6 uzcaegBanama u3zBagka om bba2ap-
cKama nonyaauus, HO Mol MOXKE ga Uma OmHoweHue
kbm eBoatouuama Ha npeguabemHomo cbcmosatue 8
guabemHo. B moBa npoyuBare 2zeHomunbm Hamawe
ompakeHue Bbpxy memaboAumHua KOHMPOA.

lMpuznameaHocm
lpoekmvm e gpunancupan om MeguyuHcku
YuuBepcumem - Cogpua, npoexkm 32-A/20132.

Tabauya 1. OcHoBHu xapakmepucmuku Ha BkAoUeHUME yyacmHuuu.

3A2 MpeguaGem Konmpoau P* P**
(n=114) (n=29) (n=26)

Bwzpacm (2) 53,19+7,30 50,90+8,76 52,33%3,72 NS NS
NUTM (kg/m?) 32,47+6,96 35,29+6,96 24,13+3,42 0,000 0,000
O6ukoAka maaus (cm) 102,98+15,37 103,00+13,96 88,56+£14,82 0,000 0,000
CAH (mmHg) 133,64+20,17 134,66+20,35 118,33+15,50 0,000 0,001
AAH (mmHg) 82,65+10,02 84,48+9,85 75,19+8,93 0,000 0,001
HbA,_ (%) 8,10+1,89 - - -
Mrr (mmol/l) 8,0842,99 5,47+0,76 5,28%0,53 0,000 NS
nnnr (mmol/l) 8,13%3,36 -
I Ha 120-ma mux. om OI'TT - 7,51£1,70 - - -
O6w, xorecmepoa (mmol/l) 5,25+1,18 5,41+1,49 5,26+1,01 NS NS
HDL (mmol/l) 1,3340,41 1,2620,41 1,2340,46 NS NS
LDL (mmol/l) 3,01£1,05 3,31+1,04 3,32+1,05 NS NS
VLDL (mmol/l) 0,79+0,36 0,88+0,41 0,73+0,50 NS NS
Tpuzauuepugu (mmol/l) 1,8340,98 1,7740,83 1,46%1,26 0,003 0,014

poaHa 2pyna. NS — nons-significant (He3Hauuma)

Pesyamamume ca npegcmaBeru kamo CpegHa = CmaHgapmHo omkaoHeHue, CAH — cucmoAHO apmepuasHo HaAnza-
He, AAH — guacmoaAHo apmepuaaHo HaaazaHe, * p — 3A2 cnpamo KOHMpOAHa 2pyna; “*p — MNpeguabem cnpamo KoHM-

Tabauya 2. TeHOMUNHO U aAeAHO YeCMOMHO pa3npegeAeHue Ha noaumopdgpuima Pro12Ala Ha 2eHa PPARG2.

3A2, n(%) Mpeguabem, n(%) Koumpoau, n(%) P* p** pr**
Fenomun | AA 94 (82,5) 19 (62,5) 23 (85,2) 1,0 0,089 | 0,045
AG 20 (17,5) 10 (34,5) 4 (14,8)
GG 0 0 0
o6wo | 114 (100) 29 (100) 27 (100)
Anea A 208 (91,2) 48 (82,8) 50 (92,6) 1,0 0,116 | 0,060
G 20 (8,8) 10 (17,2) 4(7,4)
obwo | 228 (100) 58 (100) 54 (100)

p* — 3A2 u KOHMpOAU, p** — npeguabem u KOHMpPoAU, p*** — 3A2 u npeguabem
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Abstract

Background: The Pro12Ala polymorphism of the PPARG2 gene, encoding peroxisome proliferator-activated
receptor gamma, is related to a reduced risk of type 2 diabetes (T2D) and better insulin sensitivity. The aim of the
current study was to estimate the association between the polymorphism and the prevalence of T2D and predia-
betes in a sample of the Bulgarian population.

Subjects and methods: The project included 114 patients with T2D, 29 people with prediabetes and 27 con-
trol subjects. Genetic analysis was performed with polymerase chain reaction and restriction analysis.

Results: The prevalence of heterozygote genotype among T2D patients and prediabetic subjects did not differ
significantly compared to controls but it was more frequently observed in prediabetes than in T2D (34,5% versus
17,5%, p=0,045). In neither group did the heterozygote genotype associate with a significant difference in anthro-
pometric and metabolic parameters.

Conclusion: In the current study Pro12Ala polymorphism was not associated with risk of T2D or prediabetes
but it may be protective in the evolution of the prediabetic state.

Key words: Pro12Ala polymorphism, Type 2 diabetes, Prediabetes

Introduction immunomodulatory role by inhibiting (the effect of

other transcription factors) other transcription factors'

Peroxisome proliferator-activated receptor gamma
(PPARY) is a ligand-dependent transcription factor that
belongs to the nuclear receptor superfamily. It takes
part in the control of adipocyte differentiation, con-
tributes to insulin sensitivity and impacts lipid and car-
bohydrate metabolism (1). PPARY has a substantial

effect (AP-1, STAT, NF?B) and suppressing pro-inflam-
matory cytokine expression (2).

In clinical practice the PPARY agonists improve
insulin sensitivity and glycemic control in type 2 dia-
betes (T2D). They contribute to overcoming chronic
insulin resistance-associated low-grade inflammation (3).
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The PPARG gene is located on chromosome 3p25.
Through alternative splicing it is expressed in two iso-
forms - PPARGI, expressed in a number of somatic
cells, and PPARG2 - observed dominantly in
adipocytes (4). The Pro12Ala polymorphism (rs
1801282) in PPARG?2 is one of the most researched
areas in epidemiologic studies (5).

The altered nucleotide sequence (allele G) in con-
trast to the wild one (allele A) leads to an exchange of
the peptide's twelfth amino acid Proline to Alanine.
This interferes with the binding affinity of the receptor
and transcription of dependent genes (6). It has been
shown that 1,7 to 21,6% of healthy Caucasians carry
the G allele.(7). The Pro12Ala polymorphism was asso-
ciated with a reduced risk of developing T2D for the
first time in the 1990s. Thereafter studies and meta-
analyses have confirmed its protective role (7).

The G allele has been associated with a better
insulin sensitivity, while data about the relationship to
the Body Mass Index (BMI) is controversial (6, 8-11).
The Pro12Ala polymorphism's role in predisposition to
prediabetes is scarcely researched (12).

The aim of the current study was an assessment of
the allele and genotype frequency of the Pro12Ala
polymorphism in subjects with T2D, prediabetes and
healthy controls in a sample of the Bulgarian popula-
tion as well as the evaluation of the relationship
between the genotype and metabolic phenotype of
the enrolled participants.

Subjects and Methods

One hundred and fourteen patients with T2D (65
women and 49 men), 29 with prediabetes (25 women
and 4 men), and 27 healthy control subjects (13
women and 14 men) were enrolled in the current
cross-sectional study. It was performed in the University
Clinic of Endocrinology Il level in ,Alexandroska”
University Hospital. It was approved by the ethics com-
mittee of the Medical University-Sofia and all the partic-
ipants signed an informed consent.

The criteria for enrollment included T2D and predi-
abetic state, diagnosed according to the criteria of the
American Diabetes Association (ADA) (13). A lower
cut off for impaired fasting glucose (IFG) would
encompass more people at risk of developing type 2
diabetes. Exclusion criteria were type 1 diabetes, con-
comitant acute or chronic inflammatory diseases, esti-
mated sedimentation rate exceeding 30mm/h, chronic
kidney disease with estimated glomerular filtration rate
less than 30 ml/min/1,73m? transaminase enzymes
over twice the upper reference range and malignant
diseases. The control group consisted of clinically
healthy volunteers with BMI<30kg/m?.

A full medical history was taken and a physical

examination of all participants was performed. The
lipid profile, fasting plasma glucose (FPG) and post-
prandial one (PPPG) - two hours post lunch meal,
were analyzed. An oral glucose tolerance test (OGTT)
was performed according to ADA's guidelines (13).
Prediabetic subjects were analyzed for immunoreac-
tive Insulin (IRI). Insulin resistance was assessed
through homeostatic model assessment (HOMA-IR) by
the formula HOMA index = (PGG, mmol/l) x (IRI,
muUy/1) / 22,5 for participants with prediabetic state (14).
Analyses were performed through standard techniques
in the Central Laboratory of ,Alexandrovska” University
Hospital, which is the referent for the country.

Genotyping

Genotyping was performed at the National
Genetic Laboratory, University Hospital of Obstetrics
and Gynecology ,Maichin Dom”. Blood was taken in
K3-EDTA test tubes for enzyme amplification and
restriction analysis. A polymerase chain reaction (PCR)
was performed in a 15 pl reaction mixture, containing
10X PCR buffer solution, 200uM of every deoxynu-
cleotide triphosphate (dNTP), 2,0 mM MgCl2, 15 pmol
of every primer, 1.25 U Tag-polymerase and 100 ng
matrix DNA. The PCR was initiated with preliminary
continued denaturation at 94 °C for 5 minutes. The
next cycle was repeated 30 times: thermal denatura-
tion at 95 °C for 30 seconds, annealing for 30 seconds
at 57 °C and extension at 72 °C for 1 minute. The pro-
cedure was terminated with a final elongation for 5
minutes at 72 °C. The following primers were used for
the analyzed polymorphic region amplification:

F — 55GCCAATTCAAGCCCAGTC3Y/

R-5'"GATATGTTTGCAGACAGTGTATCAGT-
GAAGGAATCGCTTTCCG3'.

The final PCR product consisted of 270 base pairs.
The restriction analysis was performed with endonu-
clease BSTU | that recognized the 5' CGCG 3" palin-
dromic sequence at 60 °C and fragment separation in
2,5% agarose gel. The change of nucleotide A with G
lead to the loss of the sequence recognized by the
restriction enzyme. We observed 270 base pairs for
homozygous for the wild allele (AA) 270, 227 and 43
base pairs for the heterozygous genotype (AG), 227
and 43 for homozygous for the recessive allele (GG).

Statistical analysis

Statistical analysis was performed with the SPSS 19
Statistics Package (Chicago, Illinois). The level of signif-
icance was set at p<0.05. A Chi square test or Fisher's
exact test were used for assessing the difference
between frequencies. A hypothesis assessment for dif-
ference between independent samples was performed
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by a Student's T test or a nonparametric Mann
Whitney U test.

Results

The basic characteristics of the enrolled partici-
pants are presented in Table 1. Gender distribution
was not of statistical significance between the diabetic
and the control group (p= 0,405). The percentage of
men in the prediabetic group was less than among
both diabetic (13,8% versus 43%, p=0,004) and con-
trol (13,8% versus 51,9%, p=0,002) groups.

The genotype frequencies in the analyzed samples
were similar to expected from the Hardy-Weinberg
model (T2D, p=0,305, prediabetes — p=0,262 and con-
trols - p=0,678). The genotype and allele frequency
among participants with T2D and prediabetes did not
differ significantly compared to those of the control
subjects. However, the heterozygous genotype (AG)
within the prediabetes groups was more prevalent
than in T2D. The frequency of the AG genotype was
similar between subjects with impaired fasting
glycemia and impaired glucose tolerance (35,7% ver-
sus 33,3%, respectively, p=1,0). A homozygous geno-
type for the recessive allele (GG) was not observed in
either of the three groups (Table 2).

The anthropometric data of diabetic and prediabet-
ic subjects did not differ significantly depending on the
presence of homozygous (AA) and heterozygous (AG)
genotype (BMI = 32,84+7,27 kg/m2 versus
30,73%5,00 kg/m? for T2D and 35,53+7,86 kg/m?* ver-
sus 34,84+£5,20 kg/m? for prediabetes; waist circumfer-
ence = 104,01+£15,88 cm versus 98,30+12,03 cm for
T2D and 103,63£14,87 cm versus 101,80£12,72 cm
for prediabetes, respectively for each genotype,
p>0,05). The presence of the allele G was not associat-
ed with a difference in age at diagnosis of T2D
(48,57£7,62 years for AA versus 50,57%8,96 years for
AG genotype, p>0,05). Subjects with T2D with both
genotypes had similar glycemic control (HbA;. =
8,15£1,92% versus 7,88+1,76%; FPG = 8,33+3,04
mmol/l versus 6,93£2,51 mmol/l, PPG = 8,20£3,38
mmol/l versus 7,79£3,38 mmol/l respectively for AA
and AG genotype, p>0,05). No difference was estab-
lished in insulin sensitivity among participants with pre-
diabetes depending on genotype (HOMA index =
4,82+2,71 versus 3,79+11,97 respectively for AA and
AG genotype, p>0,05).

Discussion

The prevalence of T2D is growing every year.
According to the International Diabetes Federation
415 million people are diagnosed with diabetes melli-
tus in 2015, 91% with T2D. It is expected that this

number will exceed 640 million by 2040. It is estimat-
ed that almost 200 million are still undiagnosed (15).
The strategies for treating diabetes begin with an
active screening for the disease. Finding an increased
risk for a chronic disease of social significance means
motivated patients and physicians for regular clinical
and laboratory assessment, lifestyle modifications,
timely diagnosis and treatment.

The current study did not establish an association
between the Pro12Ala polymorphism and develop-
ment of T2D in the analyzed sample. The frequency of
the heterozygous genotype (AG) in the prediabetes
group did not differ from that of the control popula-
tion. The higher frequency of allele G in subjects with
prediabetes compared to T2D draws attention to the
polymorphism's contribution to the risk of progression
of prediabetes to T2D. Between 5 and 10% of people
with impaired fasting glycemia or impaired glucose tol-
erance develop T2D annually — up to 19% if com-
bined (16). It depends on physical activity, diet, fat
mass distribution, age, family history, ethnicity, etc. It is
estimated that 70% of subjects with prediabetes will
eventually have T2D (17).

The genetic factor in impaired fasting glycemia and
impaired glucose tolerance is analyzed in a number of
polymorphisms, known to be related to a T2D predispo-
sition, including Pro12Ala or rs1801282 in PPARG2. (18)
As our results showed, the latter does not have a predis-
posing role for prediabetes but has been observed for
polymorphisms like rs972283 in KLF14 (Kruppellike fac-
tor 14), rs5945326 in DUSP9 (dual specificity phos-
phatase 9), rs13266634 in SLC30A8 (solute carrier fami-
ly 30 (zinc transporter), member 8) (18). Despite that, a
protective role of the G allele in Pro12Ala polymorphism
has been sought concerning the evolution of predia-
betes in T2D, as we confirmed (19, 20).

The current study showed that carriage of the G
allele was not associated with the age at diagnosis of
T2D and was not related to weight and glycemic con-
trol, despite published data for an association between
the polymorphism and BMI when the latter indicates
obesity. (11) Insulin sensitivity in the prediabetes state
was also unaffected given that anthropometric param-
eters were comparable.

The study has some limitation factors. The number
of patients was low. The difference in the gender dis-
tribution in the prediabetes group compared to the
other two was also a disadvantage. The Pro12Ala poly-
morphisms' influence on the risk of T2D, evaluated as
Odds Ratio, varies between 0,79 and 0,86 (7) and the
small size of the current sample may be a reason for
not confirming the protective role. Analysis over a larg-
er population would clarify the role of Pro12Ala poly-
morphism in the evolution of prediabetes to T2D, but
also development of each of them alone.
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Conclusion

The Pro12Ala polymorphism was not associated
with T2D and prediabetes in the analyzed sample of
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Table 1.  Baseline characteristics of participants.

T2D Prediabetes Controls P* P**

(n=114) (n=29) (n=26)

Age (y) 53,19+7,30 50,9048,76 52,33%3,72 NS NS
BMI (kg/m?) 32,47+6,96 35,29+6,96 24,13+3,42 0,000 0,000
Waist circumference (cm) | 102,98+15,37 103,00£13,96 88,56+14,82 0,000 0,000
SBP (mmHg) 133,64+20,17 134,66£20,35 118,33£15,50 0,000 0,001
DBP (mmHg) 82,85+10,02 84,48+9,85 75,19+8,93 0,000 0,001
HbA,. (%) 8,10+1,89 - - - -
FPG (mmol/l) 8,0842,99 5,47+0,76 5,2840,53 0,000 NS
PPPG (mmol/l) 8,13%3,36 - - - -
PG on 120" min of OGTT - 7,51£1,70 - - -
Total cholesterol (mmol/l) 5,25%1,18 5,41+1,49 5,26%1,01 NS NS
HDL (mmol/l) 1,3310,41 1,26%0,41 1,23+0,46 NS NS
LDL (mmol/I) 3,01+1,05 3,31+1,04 3,32+1,05 NS NS
VLDL (mmol/I) 0,79+0,36 0,88+0,41 0,73+0,50 NS NS
Triglycerides (mmol/I) 1,8310,98 1,77+0,83 1,46x1,26 0,003 0,014
Results are expressed as Mean * Standard Deviation, SBP — systolic blood pressure, DBP — diastolic blood pressure,
*p — T2D versus controls; **p — prediabetes versus controls. NS — non-significant

Table2.  Genotype and allele frequency of the Pro12Ala polymorphism of PPARG2 gene.
T2D, n(%) Prediabetes, n(%) Controls, n(%) P* p** p***
Genotype | AA 94 (82,5) 19 (62,5) 23 (85,2) 1,0 0,089 0,045
AG 20 (17,5) 10 (34,5) 4 (14,8)
GG 0 0 0
total 114 (100) 29 (100) 27 (100)
Allele A 208 (91,2) 48 (82,8) 50 (92,6) 1,0 0,116 0,060
G 20 (8,8) 10 (17,2) 4 (7,4)
total 228 (100) 58 (100) 54 (100)

p* = T2D versus controls, p** — prediabetes versus controls, p*** — T2D versus prediabetes
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Pesiome

[Npu nayueHmu ¢ memaboaumeH cuHgpom (MC) cbpgeuHo-cbgoBuam puck e noBuweH nopagu Haauyu-
emo Ha puckoBu cpakmopu: BucuepareH mun obezumem, pazAudHu No cmeneH HapyweHua 668 Bbarexug-
pamHua MoAepaHc, amepoz2eHHa guCAUNUgeMusa U apmepuasHa xunepmotua. [loHacmoawem yecmomama Ha
nauueHmume ¢ MC pacme 2raBoromHo, a napaseaHo ¢ moBa ce yBeauuaBa u nonyaauuoHHUAM puck 3a pas-
Bumue Ha cbpgeuHo-cbgoBu 3a6oaaBanua (CC3).

Llea Ha npoyyBanemo: ougHka Ha puckoBu pakmopu 3a pazBumue Ha 3axapeH guabem mun 2 (3A 2) u
CC3 Ha 6azama Ha cpaBHumeaeH aHaAu3 Ha nokazameau om BbaaexugpamHa u AunugHa obmaHa u uzvucae-
HU amepoezeHHU uHgeKkcu/cbomHoweHua npu »xeHu ¢ ycmaHoBen MC u memaboaumHo 3gpaBu xeHu ¢ Hag-
HOpMEHO meAecHO meaao/3amabecmabBaHe (metabolically healthy obese, MHO).

Mamepuaau u memogu: MNMpoyuBanemo ob6xBawa 52 »keHu ¢ gokazaH MC (cp. Bb3pacm — 37,75+11,38
2., cp. ITM = 34,64+4,81 ke/m?) u 22 conocmaBumu no Bb3zpacm u ITM memaboaumHo 3gpaBu >keHu ¢ Hag-
HOPMEHO MeAecHO mezaao/3amabemaBanre (cp. Bv3pacm — 35,274£9,09 2., cp. I'TM = 0,35,09£3,23 k2/m?). INpu
Bcuuku »eHu ce uzBbpwuxa cAegHumMe KAUHUYHU u3mepBaHua u AabopamopHu u3zcaegBaHua: mez2ao, pbem,
obukoaka Ha maaua (T), obukoaka Ha xaHw (X), kpbBHa 3axap (K3) u uHcyaun (MPUN) — u3zxogHu u B xoga Ha
OopaAeH 2Al0k030-moaepaHceH mecm (ol TT), 06w, xornecmepoa (OX), XAA-xoa, mpuzauuepugu (TT). CmouHoc-
mume Ha AAAXOA ce onpegeaaxa no gpopmysama Ha Friedewald {OX - (XAAxoA+TT/2,2)}. N3uucaeHu baxa
cAegHUME uHgekcu u cbomHoweHua: ITM=meaao(kz)/pbcm(m)?, cbomHoweHue T/X, xomeocmaszeH mogeA Ha
uHcyauHoBa peucmenmuocm (HOMAIR) = (K30' x 1IPI10')/22,5), puckoBu uHgekcu Ha Castelli | (OX/XAA-x0A)
u Castelli Il (AAA-xoA/XAA-xon), coomHoweHue TI/XAA-xoA u naazmeH amepozeHeH uHgekc (AIP) = {(logTrl)/XAA-
XOA}.

Pezyamamu: He ce Hamepuxa 3HauYuMu pazAuku no omHoweHue Bb3pacm u aHmponomempuyHU napa-
mempu npu gBeme uzcaegBaHu 2pynu >keHu. Pecucmpupaxa ce cueHugpukaHmHo no-Bucoku cmolHocmu Ha
K3 u MPU - uzxogHu u B8 xoga Ha ol TT u HOMAIR npu MC 8 cpaBHerue ¢ me3u npu MHO. YcmaroBuxa ce
3Hauumo no-Bucoku cepymHu HuBa Ha Tl u cmotdHocmu Ha OX/XAA-xoA, TT/XAA-xoA u AIP npu sxeHume ¢ MC
cnpamo MHO. CepymHume KoHugHmMpauuu Ha XAA-XOA ce Hamepuxa CU2HUPUKAHMHO NO-HUCKU NPU HOCUMEA-
Kume Ha MC.

Endocrinologia vol. XXII Ne2 /2017




AaHueaa KoreBa u compygHuyu

3akatoyerue: YcmanoBerume no-Bucoku 6a3zaaHu u cmumyaupaHu cmodHocmu Ha K3 u MIPM, HOMAIR
U amepo2eHHU UHgeKcu/cbomHoweHus nokazBam HocumeacmBo Ha no-Bucok puck om pazBumue Ha 3A 2 u
CC3 npu »keHume ¢ memaboaumeH cuHgpom B cpaBHeHue ¢ memaboaumHo 3gpaBume >KeHU C HAgHOPMEHO

meaao/3amabecmabBane.

Karo4oBu gymu: memaboaumen cungpom, memaboaumHo 3gpaBo 3amabcmaBate, kpbBHa 3axap, UHCYAUH -

amepozeHHU UHgeKCU/CbomHoweHun

BvBegeHue

B cBemoBeH mawab memaboAumeH cCuHgpom
(MC) ce omkpuBa npu okoro 30% om xopama mex-
gy 20- u 70-20guwHa Bb3pacm kamo Yecmomama my
npogbaxkaBa ga pacme 2aaBoaomHo. Cuuma ce, ve 6
6AU3ko 6bgewe MC we uzmecmu momMoHONYweHe-
Mo om YyeAHama no3uuua kamo Bogew, puckoB dak-
mop 3a cbpgeuHo-cbgoBu 3a6oaaBanHua (CC3) (1).

3HayeHUEMO Ha OueHKama Ha amepo2eHHUA
pUCK Npu XeHu ¢ uHcyauHoBa pezucmeHmHocm npo-
uzmuua om pakma, ye omgeAHUMeE KOMNOHEHMU Ha
MC cu B83aumogeticmBam no cuHepa2uyeH, a He no
o6ukHoBeH agumuBeH HauuH. Taka, HOcumeAume Ha
pazebpHam MC ca u3A0XKEeHU Ha KOMOUHUpaHOMOo
Bbv3getcmBue Ha puckoBume dpakmopu: noBuweHo
abgomMuHaAHO omaazaHe Ha macmHa mbkaH (MT) ¢
HebAa2oNPUAMHO CbOMHOWEHUE HA amepo2eHHU U
aHmuamepozeHHU agunouumokuHu, noaBa Ha Bbaae-
XUgPamHu, AUNUGHU, NPOUH(AAMAMOPHU U Npom-
pombomuuHu omkAoHeHus, noBuwabBaHe Ha cmol-
HOCmMumMe Ha apmepuaAHo HaanzaHe (AH) ¢ Hapywa-
BaHe Ha uupkagHua My pumbm, KOumo cb3igaBam
npegnocmabku 3a paHHa u 6bp3onpozpecupawia eH-
gomenaHa yBpega, pecn. noBuweHa cbpgevHoO-Cbgo-
Ba 3aboreBaemocm u cmbpmHocm (2, 3).

[pe3 nocaegHUMe 20guUHU 3HAYUMEAHU Hapa-
cmBa uHmepecbm Kbm m.Hap. MemaboAumHo 3gpa-
6o 3amabcmaBaHe (metabolically healthy obesity) -
CbCMoAHUE, Xapakmepu3upawo ce C Aunca Ha mu-
NnuYHUMe 3a memaboAUMHUA CUHgPOM KOMNOHEHMU,
a UMEHHO - pa3AudHU no cmeneH HapyweHua 606
Bberexugpamuama obmaHa, amepoz2eHHa gucAunu-
gemus, apmepuaaHa xunepmonus (4). Cmamycbm Ha
memaboaumHo 3gpaBume Auua cbc 3amabcmabaqe
(MHO) ce cBbp3Ba ¢ no-marko koauvecmBo Hampy-
naHa BucuepasHa macmHa mbKaH U 3HaYUMEAHO NO-
mucHam npouec Ha XPOHUYHO HuckopeakmuBHO
Bb3naseHue ¢ HamaareHo/AuncBawo npouzBogcmBo
Ha NpouHAamMamopHU uumMokuHu (5).

Cuuma ce, yve MHO uHguBugume npuHagae-
am Kbm peHomuna ¢ 6razonpuameH memaboau-
meH U CbpgeyHo-cbgoB npodua. YecmaHoBeHo e, ue
yecmomama Ha Auuama ¢ memaboaumHo 3gpaBo
3amabcmaBane npu obwama nonyaauusa Bapupa 6
gocma WupoKu 2paHuyu, a umeHHo om 6 go 40% (6).
[pe3 2010 2. ce ugHacam gaHHU OM enugeMuOAO2UY-
Ho npoyuBaHe, noka3zBawu, e gaabm Ha memabo-

AumMHo 3gpaBume uHguBugu cpeg uzcregBaHua KOH-
MuH2eHmM cbe 3amabecmabaHe e mexkgy 10 u 25% (7).
OcHoBHa uea Ha Hacmoawomo npoyuBaHemo Gewe
ga ce u3Bvpwu oueHka Ha puckoBume gpakmopu 3a
pazBumue Ha 3axapeH guabem mun 2 (3A 2) u CC3
Ha 6azama Ha cpaBHumeAeH aHaAu3 N0 oMHOoWeHUe
Ha nokazameau om Bb2aexugpamHa u AunugHa obma-
Ha U U34YUCAEHU amepo2eHHU UHJEeKCU/CbomHowe-
Hua npu >keHu ¢ ycmaHoBen MC u memaboaumHo
3gpabu >XeHuU C HAgHOPMEHO MeAecHO meaao/
3amabcmaBare (metabolically healthy obese, MHO).

Mamepuaau u memogu

Hacmoawomo npoyuBate ce npoBege 68 KauHu-
Ka no EHgokpuHoAozun u boaecmu Ha obmaHama npu
YMBAA ,,CB. Teopau”, MAroBguB. B Hezo B3exa yuac-
mue 52 xeHu c gokazaH MC (cp. Bvb3zpacm=
37,75%£11,38 2. u cp. "'TM=34,64£4,81 k2/m*) u 22 Cb-
nocmaBumu no Bb3zpacm u UTM memaboaumHo 3g-
paBu »KeHu C HagHOPMEHO MEAECHO Me2A0/3amAbC-
maBaHe (cp. Bb3pacm=35,27+9,092. u cp. NTM=
35,09£3,23 k2/m?).

AuazHozama MC ce nocmaBawe cba2AacHO Kpu-
mepuume Ha MexgyHapogHama Auabemna (Dege-
pauus (IDF), cveaacyBavu ¢ me3u Ha AHA/NHLBI
npe3 2009 2. (8) no omHoweHue Ha >xeHu om EBpo-
neugHama paca, a UMEHHO — HaAUYUe Ha 3agbAXKUMe-
AEH KOMNOHEeHM ueHmpaAHo 3amabcmaBaHe (o6u-
KOoAKa Ha maauama =80 cm B cbyemarue ¢ 2 om
cAegHUME HapyweHus:

1. noBuweHu mpuaauuepugu > 1,7 MMOA/A;

2. MoHuxkeH XAA-xoa < 1,3 MMOA/A UAU Cheuu-
(PuyHO AeveHue;

3. MNMoBuweHo apmepuarHo HarszaHe > 130/85
mmHg uAu AeyeHue Ha guazHOCMUUUpaHa apmepu-
aAHa xunepmowus;

4. MoBuweHa nAa3meHa 2AI0KO3a Ha 2AagHoO >
5,6 MMOA/A UAU guazHOCMuUuuUpaH 3axapeH guabem
mun 2 (3A 2)/HapyweH 2a0ko3eH moaepaHc (HIT).

3a memaboaumHo 3gpaBu >xeHu ¢ HagHOPMEHO
meaecHO meaao/3amabecmaBaHe ce npuemaxa Auua ¢
MTM=25,0-39,9 k2/m* 6€e3 HaAuYHU gpyau KOMNOHEH-
mu, munuyHu 3a MC (4).

3a yeaume Ha npoyuBaHemo Ha Bcuuku xeHu
ce uzBbpwuxa caegHume KAUHUYHU u3mepBaHua u
AabopamopHu uzcaegBaHua: meaao, pbcm, 06UKOAKa
Ha maausa (T), obukoAka Ha xaHw (X), opaAeH 2Al0KO-
30-moaAepaHceH mecm (ol TT) ¢ BeHo3HO uzmepBaHe
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Ha K3 u PN Ha 083, 60-ma u 120-Mma muHyma caeq ne-
popaAeH npuem Ha 75 2 2A0K03a, cepymHu HuBa Ha
obw, xorecmepoa (OX), XAA-xoA, mpuzauuepugu
(TT). 3noa3Baxa ce cmoldHocmu Ha AAA-xoA, onpe-
geAqHu ¢ nomowma Ha popmysama Ha Friedewald =
{OX - (XAAx0A+TT/2,2)}. 3uucaaBaxa ce caegHume
UHgeKcu u cbomHoweHua: VITM=meznro(ka)/ pbcm
(M)?, cobomHoweHue T/X, xomeocmaseH MOgeA Ha UH-
cyauHoBa pezucmenmuocm (HOMAIR) = (K3 0' x
MPW 0')/22,5), puckoB uHgekc Ha Castelli | = OX/XAA-
x0A, puckoB uHgekc Ha Castelli Il = AAA-xOA/XAA-XOA,
cbomHoweHue TI/XAA-XOA U nAa3meH amepoz2eHeH
uHgekc (AIP) = {(logTTl)/XAA-x0A].

Obukoakama Ha maausma ce onpegeawe 6 xo-
puzoHmaaHama paBHuHa no cpegama mexkgy goAHUs
pbb Ha 12M° pebpo u 20pHUA pbDO Ha UAUAYHUME
2pebeHu. ObukoAkama Ha xaHwa ce uzmepBawe no
XOpu3oHmMaAHama paBHuHa oKoAOo Hal-wupokama
Yyacm Ha cegaAuwHUME MYCKYAU.

BeHo3zHama kpbB 3a rabopamopHume u3caeg-
BaHua ce B3emawe npu cmaHgapmHu ycaroBus - cym-
PUH paHo, cAeg 12-4aco8 nepuog Ha HOwHO 2ragyBa-
He, cAeg nognucBaHe Ha UHOPMUpPAHO Cb2Aaacue om
Bcaka yuacmuuuka. BeHozHume npobu 3a onpegeas-
He Ha K3, MIP/ u napamempume om AunugHua npo-
uA ce uznpawaxa 6 LlenmpaaHa KauHuuHa Aabopa-
mopua npu YMBAA ,,C8. Teopau”, MroBguB.

MHcyauHbm ce uzcaegBawe upe3 komepcuareH
Kum 3a KoaudecmBeHo onpegeAaaHe Ha UMUHOpeak-
muBeH UHCYAUH Ha 6a3zama Ha MuKpoYacmuyeH umy-
HoeH3umeH aHaau3 (MEIA) c nomowma Ha AXSYM sys-
tem (ABBOTT, USA) cbC caegHume xapakmepucmu-
Ku: sensitivity, 0,8 mlU/ml; neBv3npouzBogumocm
B0 Bpeme (inter assay variation), CV% < 2,9; HeBb3-
npouszBogumocm B cepus (intra assay variation), CV%
< 5,3. CepymHume HuBa Ha kpbBHama 3axap ce u3-
mepBaxa ¢ nomowma Ha cmaHgapmeH eH3UMHO-KO-
ropumempuueH (GOD-POD) memog ¢ xapakmepuc-
muku: AuHetHocm (dilution recovery)— go 20 MMOA/A;
inter assay variation, CV om 2,40 go 2,94%, intra assay
variation, CV% < 1,2. CepymHume HuBa Ha OX u Tl ce

onpegeAaxa ¢ nomowma Ha eH3zumeH (TpuHgep) me-
mog, a me3u Ha XAA-XOA — upe3 gupekmeH eH3UMHO-
KoAOpUMEMPUYEH MEMOJ.

INpoBegoxa ce peguua XopmoHaAaHU u3zcaegBaHun
(eoHagoOMpPONHU XOPMOHU, ecmpaguoA, aHgpPO2EHU,
npoAakmuH, TCX, DT4, cepymeH kopmu3zoa 6 8 u. u 22
u. u gp. no uHguBugyaaHa npeugeHka) ¢ uea uzkaouBa-
He Ha HaAuYHa gpy2a eHgOKPUHHA NamoAo2ua: CUH-
gpom Ha Cushing, BpogeHa HagbbbpeuHo-kopoBa xu-
nepnaa3zua (BHKX), npoaakmuHom, xunonumyumapu-
3bM, XUNO-/XUNEpMUPEoUgU3bM, XUNO20HAGU3bM, aH-
gpo2eHcekpemupawu mymopu, u np., bpemeHHocm.

Cmamucmuyeckuam aHaAu3 Ha pe3zyamamume
6ewe uzBbpweH ¢ nomowma Ha SPSS, Bepcua 21,0,
3a Windows. 138bpweH bewe cpaBHumeaeH aHaAus3
Ha KAUHUYHU U MemaboAUmMHU noka3ameAu npu u3c-
AegBaHume gBe epynu >xeHu. Pezyamamume ca
npegcmaBeHu Kamo cpegHa apummemuyHa + cmax-
gapmHo omkAoHeHue. 3a Bcuuku cpaBHeHua e u3-
6paHo HuBo Ha 3Hauumocm P<0,05.

Pesyamamu

He ce HabatogaBam 3Hauumu pa3auku no OmMHo-
weHue Bb3pacm u aHMpoNOMEMpPUYHU Napamempu
npu gBeme uzcaegBaHu 2pynu >keHuU, KOEMO € U oc-
HoBHa uea Ha gu3alHa Ha npoyuBaHemo (Taba. 1).

OmkpuBame no-Bucoku cmouHocmu Ha K3 u
MPU, kakmo B 6a3arHu ycaoBus, maka u 6 xoga Ha
ol TT) npu >keHume ¢ MC 8 cpaBHeHue ¢ me3u npu
»>keHume ¢ MHO (Que. 1 u 2). CoomBemno, HOMA-
IR e cueHugpukaHmHo no-Bucok npu >keHume ¢ MC 6
cpaBHeHue ¢ memaboAaumHo 3gpaBume >KeHu ¢ Hag-
HOpMeHO mezaao/3amabecmabane (3,45£1,70 cnpamo
1,54+0,57, P<0,001) (Dua. 3).

YcmaHoBaBame 3Hauumo no-Bucoku cepymHu
HuBa Ha Tl u cmolHOCMU Ha amepo2eHHU UHgeKCu
OX/XAA-x0nA, TT/XAA-xoA u AIP npu >keHume ¢ MC 6
cpaBreHue ¢ MHO. CepymHume KOHUgHMpauyuu Ha
XAA-XOA €ca cu2HUUKAHMHO NO-HUCKU NPU HOCUMEA-
kume Ha MC (Ta0a. 2).

Tabauya 1.

Mapamempu I'pynu xeHu
Bb3pacm u aHmponomempuyHU noKas3a-
meAu npu uzcaegBaHume 2pynu XKeHu MC (n=52) MHO (n=22)
Bw3pacm (2oguHu) 37,75+11,38 35,27£9,09 NS
Pvcm (m) 1,65+0,06 1,66+0,06 NS
Tezno (k2) 99,19+18,73 95,87+16,48 NS
UTM (k2/m?) 34,64+4,81 35,09+3,23 NS

OO0uKoAKa Ha maAus (cm)

106,04412,52 100,55%8,56 NS

OO6uKoAKa Ha xaHw (cm)

119,26%13,02 116,05£10,58 NS

/X

0,89+0,06 0,87%£0,06 NS

NS — AauncBa cmamucmuyecku 3Hauuma pa3auka, P>0,05
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Tabauya 2. Mapamempu I'pynu xeHu

Tloragamens 2 e cGuna  ame- MC(e32) | wHO (re22)

u3cregBanume epynu xenu OX (MmoA/A) 5,08+1,00 5,11+0,56 NS
XAA-XOA (MMOA/A) 1,0910,27 1,27+0,27 **
AAA-XOA (Mmona/A) 3,18+0,87 3,37+£0,54 NS
TI (MMoA/A) 1,7710,96 1,02+0,38 ***
OX/XAA-XOA 4,90+1,38 421+1,11*
AAA-XOA/XAA-XOA 3,10%1,11 2,83+1,00 NS
TI/XAA-XOA 1,75%1,11 0,83+0,36 ***
AIP 0,19%0,25 - 0,020,13***

NS — Aunca Ha cmamucmuuecku 3Haduma paszauka, P>0,05

*
*
*%%

CmouHocmu Ha K3 0, 60' u 120' npu u3caegBaHume
2pynu xeHu

10,0 —
=3
g 8,0 K3 60’
=
= L] )
=~ 6,0 K3 120
o
o
g 4,0
(=)
m
X 2,0+

0,0
MC MHO

** - HaAuyue Ha cmamucmuyecku 3Haduma pasauka, P<0,01

*** . HaAuuue Ha cmamucmuyecku 3Havuma pa3auka, P<0,001

ObcbikgaHe

Memaboaumno 3gpaBume auya cbc 3amabecmaBane (MHO)
npuHagaexxam Kbm gpeHomuna ¢ 6AazonpuameH memaboaumeH
npoguA. B mazu Hacoka Guy-Marino Hinnouho u cemp. uzcaeg-
Bam Bpb3zkama mexgy Haauduemo Ha MHO ¢eHomuna u pucka
om noaBa Ha CC3 u 3A 2. B npoyuBarnemo ce u3zBopwBa ouerka
Ha ITM u memaboaumen cmamyc npu 7122 uHguBugu (69,7%

— HaAUuYyue Ha cmamucmuyecku 3Havyuma pas3auka, P<0,05
* — HaAuuue Ha cMamucMmuyYecKu 3Hauuma pazauka, P<0,01
— HaAu4yue Ha cmamucmuyecku 3Havyuma pa3Aauka, P<0,001

mbyke) Ha Bb3pacm om 39 go 63 2ogu-
Hu, BkAloueHu B nepuoga 1991-1993 2.
MNoaBama Ha CC3 (kopoHapHa 6oaecm
Ha CbpUEMO UAU MO3bYe€H UHCYAm) u
3A 2 ce ycmanoBaBa upe3 npoBexga-
Hemo Ha CcKpuHuHe (Ha Bceku 5 2ogu-
HU) U Ype3 HaAuvHUMe BOAHUYHU gaH-
HuU, cbbupaHu go 2009 2. Obwo 657
uHguBugu (9,2% om koxopmama) ce
npuuucaaBam Kbm 2pynama cbc 3am-
AbcmaBaHe kamo 42,5% om max ce
KAacugpuuupam kamo MHQO. B pamku-
me Ha npocaegaBaremo (17,4 2oguHu)
npu obwua u3caegBaH KOHMUH2eHM
ce pecucmpupam 828 cayvau Ha nos-
Ba Ha CC3 u cbomB. — 798 cayvau Ha
noaBa Ha 3A 2. Auuama ¢ MHO ce
okazBam c noBuweH puck om CC3
(HR 1/4 1,97, 95% Cl: 1,38-2,80) u 3A
2 (3,25, 95% Cl: 2,32-4,54), cpaBHeHu
¢ memaboaumHo 3gpaBume uHguBugu
C HOPMaAHO meAaecHo meano. [o-Bu-
COK e puckbm om pa3zBumue Ha 3A 2
npu memaboaumHo He3zgpaBume Auua
cbe 3amabemaBane (MC) 6 cpaBHe-
Hue ¢ MHO (1,8, 95% CI: 1,39-2,83),
Kamo puckbm om pa3zBumue Ha CC3
ocmaBa conocmaBum npu gBeme 2py-
nu (1,23, 95% Cl: 0,81-1,87). N3Bogu-
me om npoy4BaHemo ca, ue MHO pe-
Homunbm ce cBbp3Ba ¢ no-HuCbK
puck om pazBumue Ha 3A 2 B8 cpaBHe-
Hue ¢ memaboaumHo He3gpaBume
3aMABCMEAU AUUQ, KAMO PUCKbM Om
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CmoutHocmu Ha NIPU 0, 60' u 120' npu uzcaegBaHume noaBa Ha CC3 e Bucok u npu gBama e-
2pynu eHu Homuna cbc 3amabcmaBane (9).

YcmaHoBeHo e, vye uHcyauHoBama
[ | pe3ucmeHmuocm, ocHoBHa xapakmepuc-
NPn 0’ muka Ha MC, npegcmaBanBa kaouoB puc-
ko8 ¢pakmop 8 emuorozuama Ha 3A 2, ap-
i mepuaAHa XunepmoHus, gucAunugemus,
PW 60’ amepockaepomuyHa BackyaapHa 6oaecm
u KopoHapHa 6oaecm Ha cbpuemo. ToBa
D nokazBa BaxkHocmma ga ce mbpcu u om-
PN 120° kpuBa VP owe npegu uzaBama Ha camo-
mo 3aboaaBare, koeamo mepaneBmuuHa-
ma Hameca 6u Guaa no-ycnewHa 8 cpab-
HeHue — npuaoxeHa npu Beue maHudgec-
mHo 3aboaaBane (10, 11).

KoponapHama 6oarecm Ha cbpuemo
¢ ocHoBHama namozeHemuyHa eguHuUA -
amepogzeHHa gucaunugemus, ce Bv3npue-
Mma 3a enugemun Ha cbBpemerHama uuBu-
auzauus. CBemoBHama 3gpaBHa opeaHu-
3auuun (C30) npegnoaaza, ye go 2020 a.
MC MHO 8 cBemoBerH mawab we uma obwpo 11,1
cAyvau Ha cmbpm, npegu3BukaHa om Ko-

100 —

Y
5 3 8
| I |

NP 0°/60°/120’ (wlU/ml)
S
|

" poHapHu uHuyugeHmu. MN3caregBaHemo Ha
o — HaAu4ue Ha cmamucmu4ecku 3Havuma pa3auka, P<0,01 AuNugHUA npodua npegcmaBaaBa pymu-
— HaAuyue Ha cmamucmuyecku 3Havyuma pasauka, P<0,001 HeH BGUOXUMUYEH MEemog 3a OueHKa Ha
amepozeHHua cmamyc npu uHguBugu c

puck om CC3. To BkaouBa onpegeaate-

mo Ha cepymHume HuBa Ha TI, OX u Hezo-

Bume cybppakyuu — XAA-xoA u AAA-XOA.

Framingham heart study goka3Ba, ue npo-

CmoutHocmu Ha HOMAIR npu uzcaegBaHume merume (noBuwabBaremo) Ha HuBama Ha
epynu Jkenu AAA-xoOA uzpaam nvpBocmeneHHa poaa 6

*

npozpecuama Ha KopoHapHama amepo-
ckaepomuyHa 6oaecm. 3amoBa cepymHu-
10,0 me HuBa Ha AAA-xOA ce u3znoa3zBam 3a
mapeem, Kakmo Npu UHUUUUpaHe, maka u
npu npoBe>kgaHe Ha aunugonoHuxkaBaw,o
8,0 AeueHue (12).

M3uucanBanemo Ha peguua cvbom-

o HoweHuA, BxaouBawu 2opeu3zbpoeHume
= 6,0 T AUNUQHU napamempu, MoxXke ga hogobpu
I
MC

o0

CKpuHUHea Ha puckoBume unguBugu —
0cobeHo npu me3u, Koumo umam pede-
peHMHuU cmoUHocmu Ha AAA-XOA.

Ak Cnopeg Grover gBeme cbomHowe-
Hua — AAA-xoa/XAA-xon u TI/XAA-xoa
npegcmaBaaBam cuaHu npegukmuBHu
pakmopu 3a noaBa Ha bbgewu CC cbbu-
musa (13). AocapummuyHO mpaHcopmu-

PaHOMO CbOMHOWEHUEe Oom u3mepeHume

f T u XAA-XOA UAU M. Hap. NAA3MeH amepo-
MHO AA p 3 p

2eHeH uHgekc (AIP) kopeaupa macHo ¢ 2o-

AemMuHama Ha AAA-yacmuyume u moxxe ga
CAY>KU 3@ UHQUKAmop Ha amepozeHHUA

*** — HaAudue Ha cmamucmuyecku 3Hauyuma pa3auka, P<0,001
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AaHuena KoneBa u compygHuyu

AunonpomeuHo8 geHomun. KaunuuHume npoyuBa-
Hua noka3zBam, ye AIP e npegukmop 3a pucka om
CC3, npegcmaBaaBa aeceH, gocmbneH CbpgeyHO-Cb-
goB mapkep u noae3zHa mapka 3a omzoBopa om npo-
BegeHo AeueHue (14).

IMauueHmume cbe 3A 2 ca ¢ noBuweH puck om
cbpgeuHo-cbgoBa 3aboreBaemocm u cmbpmHocm.
CuzHudukanmHomo yBeauuaBaHe Ha HuBama Ha TT,
cmotHocmume Ha TI/XAA-xoA, AIP, apmepuaaHo Ha-
aazave u ITM npu navuedHmume cbe 3A 2 u MC 6
cpaBHeHue ¢ me3u cbe 3A 2 6e3 MC, npegnoaaza no-
20AaM puck 3a pa3zBumue Ha CC3. ToBa e 6 koH-
KOpgaHC ¢ pakma, vye uHcyauHoBama pesucmenHms-
HOCM uHgyuupa peguua memaboAumMHU NpPOMeHU
Kamo XunepzAukemus, gucaunugemus u Had-Bepo-
amHo B no-maaka cmeneH — apmepuaAHa Xxunep-
moHua, kamo Bcuyku me nomeHuyupam npoueca
Ha amepozeHe3a (15).

No-Bucoku ce okazBam cmolHocmume Ha AIP
npu MC, cpaBHeru ¢ me3zu npu MHO (P < 0,001).
Pezyamamume nomBbprkgaBam pakma, ue uHcyau-
HoBama pe3ucmeHmHocm e MHO2006pazHO CbCcMo-
aHue, Bogewo go pazBumue kakmo Ha 3A 2, maka
U Ha AUNUQHU HapyweHus, apmepuasHa xunepmo-
Hua u CC3.

Mugekcume Ha Castelli (CRI) ce 6azupam Ha
mpu BaXkHu napamempu om AUNUgHUA NPOCPUA, a
umeHHo — OX, AAA-xoA u XAA-xoA. Peaucmpupam ce
no-Bucoku cmotHocmu Ha CRI-I npu xxeHume ¢ MC 6
cpaBreHue ¢ me3u npu kKoHmpoaume. The Canadian
working group u3zbupa cbomHoweHuemo OX/XAA-
XOA Kamo gpakmop, koimo mpa6bBa ga ce caegu npu
npoBexkgaHe Ha AunugonoHuxkaBawa mepanus. To3u
UHgekc ce xapakmepusupa ¢ nho-8Bucoka uyBcmOBu-
meAHOCM u cneyuduyHocm npu onpegeaaHe Ha CC
puck 8 cpaBHeHue c omgeaHume cmouHocmu Ha OX,
ocobeHo npu uHguBugu cbc cmolHocmu Ha Tl >
3,39 mmon/a (16). ima ybegumeaHu gokazameacmBa
3a Bpbzkama Ha OX/XAA-XOA € hopmupaHemo Ha Ko-
poHapHume naaku (17). B npoyuBanemo PROCAM
ce nomBbpxxgaBa pakma, ve uHguBugu ¢ uzyucaeHo
cbomHoweHue AAA-XOA/XAA-XOA > 5 umam 6 nbmu
no-Bucok puck om pa3zBumue Ha KOpOHapHU UHUU-

geHmu B cpaBHeHue c koHmpoaHume auua (18).

Fadwa Essiarab u comp. (19) uzcaegBam BauaHue-
mo Ha 3amabcmaBademo u MC Bbpxy Aunonpomeu-
HoBume npodpuau u CC puck upe3 uzuucaaBaHe Ha
AUNUGHU cbomHoweHua u AIP npu >keHu om Mapo-
ko. MpoyuBaHemo BkalouBa 240 xxeHu, pa3geaeHu 6
3 epynu: koHmpoau (Fpyna 1), >keHu CbC 3amAbCmMA-
BaHe, Ho 6e3 MC (pyna 2) u »keHu cbc 3amabcmaba-
He u MC (pyna 3). M36bpweHa e oueHka Ha aHMpPO-
NOMEMPUYHU U AUNUGHU NOKa3ameAu, U34UCAEHU ca
peguua amepoz2eHHU CbomHoweHusn, BkAlYUMEAHO
u AIP. Tpyna 1 u 'pyna 2 ce npegcmaBam cbc cbnoc-
maBumu AunonpomeuHoBu npocdpuau. Mpu Mpyna 3
ce omkpuBam no-Bucoku HuBa Ha T 6 cpaBHeHue ¢
me3u npu pyna 1, koemo om cBoa cmpaxa noBuwa-
B8a cmolHocmume Ha AIP. Aucaunugemuama npu
lpyna 3 ce gemoHcmpupa ¢ no-Bucoku HuBa Ha TT,
no-Hucku HuBa Ha XAA-xoA u no-Bucoku cmolHocmu
Ha U34yucAeHume amepo2eHHU UHgeKCU/CbomHouwle-
Hua B cpaBHeHue ¢ me3u npu pyna 2. Cyuma ce, ye
onucaHume HapyweHua ca omezoBopHu 3a noBuwa-
Banemo Ha pucka om CC3. Oka3za ce, ye amepoz2eH-
HUMeEe CbOMHOWeEeHUA KOpeAupam NO-CUAHO CbC Cbp-
geuHo-cbgoB puck B cpaBHeHue ¢ B3emume no om-
geAHO AuNugHU nokazameau. ABmopume nomBbpk-
gaBam gpakma, ue Haauduemo Ha MC HecbmHeHO Bo-
gu go npomeHu 6 cepymtua aunonpomeuHo8 npo-
(PuUA Ha >KeHume cbe 3amabecmaBanre. Mo noBog yc-
maHoBeHama Bucoka npegukmuBHa cmolHocm,
amepoz2eHHUMe UHgekcu/cbomHoweHus u AlP ce
Bb3npuemam kamo noAe3Hu cpegcmBa 3a guazHOC-
muka u npoz2Ho3a Ha CC3 (19).

3akAloyeHue

YcmaHoBeHume no-Bucoku 6azaAHU u cmumy-
AupaHu cmouHocmu Ha K3 u MIPYI, HOMA-IR u ame-
pO2eHHU UHgeKCu/CbomHoweHua nokazBam Hocu-
meAcmBo Ha no-Bucok puck om pa3zBumue Ha 3A 2 u
CC3 npu »keHume ¢ memaboaumeH cuHgpom B cpaB-
HeHue c memaboAaumHo 3gpaBume eHu C HagHOp-
MeHO meaao/3amabecmabare.
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Patients with metabolic syndrome (MS) are characterized by an increased risk of cardiovascular disease
(CVD) development due to the presence of a cluster of risk factors such as visceral adiposity, different degrees
of glucose tolerance impairment, atherogenic dyslipidemia and arterial hypertension. There has been a great
increase in MS prevalence in the last few decades leading to a parallel growth of general population risk of CVD
occurrence.

The aim of the study was to assess the risk factors for the development of type 2 diabetes mellitus (T2DM)
and CVD based on a comparative analysis of glucose and lipid metabolism parameters as well as calculated
atherogenic indices/ratios in women with established MS and metabolically healthy overweight/obese women
(MHO).

Materials and methods: The study comprised of 52 women with MS (mean age of 37,75£11,38 years and
with mean BMI — 34,64%4,81 kg/m?) and 22 age and BMI matched metabolically healthy overweight/obese
women (mean age of 35,27£9,09 years and with mean BMI — 35,09£3,23 kg/m?). The following measurements
and laboratory tests were conducted in all the participants: weight, height, waist and hip circumferences, oral glu-
cose tolerance test (OGTT) with blood samples for glucose (GLU) and insulin (IRI) measurements obtained 0, 60
and 120 minutes after oral 75 g glucose administration, serum levels of total cholesterol (TC), HDL-C, triglycerides
(TG). LDL-C values were determined using the Friedewald equation = {TC - (HDL-C+TG/2,2)}. Body mass index
(BMI)=weight(kg)/height(m)?, waist-hip-ratio (WHR), homeostasis model assessment insulin resistance index
(HOMAIR)=(GLUOQ' x IR10")/22,5), Castelli risk indices | (TC/HDL-C) and Il (LDL-C/HDL-C), TG/HDL-C and athero-
genic index of plasma (AIP) = {(logTG)/HDL-C} were calculated.

Results: Comparable values of age and anthropometric parameters were determined in the two investigat-
ed groups of women. Significantly higher levels of fasting and stimulated GLU and IRl as well as HOMA-IR val-
ues were evaluated in MS women compared to those in MHO women. We found significantly higher serum lev-
els of TG and values of TC/HDL-C, TG/HDL-C and AIP in women with MS compared to MHO women. Serum
HDL-C levels were established to be significantly lower in MS participants.

Conclusion: Higher levels of basal and stimulated GLU and IRI, values of HOMAIR and atherogenic
indices/ratios showed a higher risk of T2DM and CVD development in women with metabolic syndrome com-
pared to metabolically healthy overweight/obese women.

Key words: metabolically healthy obesity, blood glucose, insulin,atherogenic indices/ratios
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Introduction

Metabolic syndrome (MS) is considered to affect
approximately 30% of adults worldwide between the
ages of 20 and 70. Its incidence continues to grow
tremendously and for this reason we suggest that MS
will soon replace smoking as a leading risk factor for
developing cardiovascular disease (CVD) (1).

The importance of assessing the risk of athero-
sclerosis in women with insulin resistance derives from
the fact that the separate components of MS interact
in a synergistic rather than in a simple additive way.
Thus, the carriers of expanded MS are exposed to the
combined effect of the following risk factors: a stimu-
lated abdominal fat deposition with increased athero-
genic/ antiatherogenic adipocytokines ratio; an occur-
rence of glucose tolerance, lipid, proinflammatory and
prothrombotic disturbances; a rise of blood pressure
(AN) values with a change of its circadian rhythm - all
leading to an early and rapid progression of endothe-
lial damage and increased cardiovascular morbidity
and mortality respectively (2, 3).

Recently, scientific interest in so called , metabol-
ically healthy obesity” has increased greatly. It is a con-
dition associated with the lack of typical metabolic syn-
drome components, namely glucose intolerance/
T2DM, atherogenic dyslipidemia and arterial hyper-
tension (4). It is known that MHO individuals display
less visceral adipose tissue and a reduced inflammato-
ry profile showing lower levels of circulating proinflam-
matory cytokines compared to those in metabolically
unhealthy obese individuals (5).

It is believed that MHO individuals belong to
the phenotype characterized by a favourable meta-
bolic and cardiovascular profile. The prevalence of
MHO has been estimated to vary from 6 to 40%
(6). Moreover, in 2010 another epidemiological
study showed data describing an incidence of
MHO between 10 and 25% among the investigat-
ed population (7).

The aim of the present study was to assess the
risk factors for the development of type 2 diabetes
mellitus (T2DM) and CVD presenting a comparative
analysis of glucose and lipid metabolism parameters as
well as calculated atherogenic indices/ratios in women
with established MS and metabolically healthy over-
weight /obese women (MHO)

Materials and methods:

The present study was conducted in the Clinic of
Endocrinology and Metabolic Diseases at ,Sv.
Georgy” University Hospital, Plovdiv. It comprised of
52 women with MS (mean age of 37,75£11,38 years
and with mean BMI - 34,64+4,81 kg/m?) and 22 age-

and BMI-matched metabolically healthy overweight/
obese women (mean age of 35,27+9,09 years and
with mean BMI - 35,09£3,23 kg/m?).

The diagnosis of MS was made according to the
criteria of the International Diabetes Federation (IDF),
harmonized with those of AHA/NHLBI in 2009 (8)
when central obesity as a mandatory component was
present (waist circumference = 80 cm for women
Caucasians) in combination with two of the following
abnormalities: elevated triglycerides >1,7 mmol/L; low
HDL-C<1,29 mmol/L for women or specific treatment;
high blood pressure = 130/85 mmHg or treatment of
diagnosed hypertension; increased fasting plasma glu-
cose 25,6 mmol/L or diaghosed type 2 DM/IFG.

Metabolically healthy overweight/obese women
were defined as individuals with BMI ranging from
25,0 to 39,9 kg/m? lacking the aforementioned com-
ponents of MS (4).

The following measurements and laboratory tests
were conducted in all the participants: weight, height,
waist and hip circumferences, oral glucose tolerance
test (OGTT) with blood samples for glucose (GLU) and
insulin (IRI) measurements obtained 0,60 and 120 min-
utes after oral 75 g glucose administration, serum lev-
els of total cholesterol (TC), HDL-C, triglycerides (TG).
LDL-C values were determined using the Friedewald
equation — {TC - (HDL-C+TG/2,2)}. Body mass index
(BMI)= =weight(kg)/height(m)? waist-hip-ratio (WHR),
homeostasis model assessment insulin resistance index
(HOMAIR)=(GLUQ' x IRI0")/22,5), Castelli risk indices
| (TC/HDL-C) and Il (LDL-C/HDL-C), TG/HDL-C and
atherogenic index of plasma (AIP) = {(logTG)/HDL-C}
were calculated.

Waist circumference was determined using a
standard method - after the act of expiration measur-
ing the area between the bottom edges of the ribs and
the iliac crests. The measurement of hip circumference
was performed at the level of the greater trochanters.
Blood samples for the laboratory tests were taken early
in the morning after an overnight 12-hour fast when an
informed consent was signed. Venous blood samples
for determination of GLU, IRl and lipid parameters
were taken to the Central Clinic Laboratory, Sv.
Georgy University Hospital.

Insulin was tested using a commercial kit for
quantitative determination of immunoreactive insulin
on the basis of microparticular immunoenzyme analy-
sis (MEIA) on an AxSYM system (ABBOTT, USA) with
the following characteristics: sensitivity < 0,8 mlU/ml;
inter-assay variation, CV% < 2,9; intra-assay variation
CV% < 5,3. Serum glucose levels were determined by
a standard enzymatic colorimetric (GOD-POD)
method with the following characteristics: dilution
recovery — < 20 mmol/L; inter assay variation, CV
from 2,40 to 2,94%, intra assay variation, CV% < 1,2.
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Serum levels of TC and TG were established using the
enzymatic (Trinder) method and those of HDL-C - by a
direct enzymatic colorimetric method, respectively.

A comprehensive set of hormonal tests was done in all
study participants (gonadotropins, estradiol, andro-
gens, prolactin, TSH, free T4, serum cortisol at 8 h and
22 h) in order to exclude pregnancy and/or other
endocrine pathology: Cushing's syndrome, inherited
adrenal hyperplasia, prolactinoma, hypo/hyperthy-
roidism, hypopituitarism, hypogonadism, androgen
secreting tumors etc.

The statistical analysis was performed by SPSS
version 21.0 for Windows. A comparative analysis of
clinical and metabolic parameters was performed
among the studied groups of women. The results are
presented as meanzSD. Statistical significance was
taken at level of P<0,05.

Results

No significant difference of age and anthropo-
metric parameters was determined between the two
investigated groups of women (Tabl. 1).

Significantly higher levels of fasting and stimulat-
ed GLU and IRI values were evaluated in the MS
women compared to those in the MHO women
(Figures 1 and 2) Furthermore, the MS group showed
higher values of HOMAIR compared to the MHO
group (3,45%1,70 vs 1,54+0,57, P<0,001) (Fig. 3).

We found significantly higher serum levels of TG
and values of TC/HDL-C, TG/HDL-C and AIP in
women with MS compared to MHO women. Serum
HDL-C levels were established to be significantly lower
in MS participants (Tabl. 2).

Discussion

The metabolically healthy obese (MHO) pheno-
type refers to obese individuals with a favourable
metabolic profile. Guy-Marino Hinnouho et al. exam-
ined the association of MHO phenotype with incident
cardiovascular disease (CVD) and type 2 diabetes.
Body mass index and metabolic condition were
assessed among 7122 participants (69,7% men), aged
39-63 years in 1991-1993. Incident CVD (coronary
heart disease or stroke) and T2DM were ascertained
from medical screenings (every 5 years), hospital data,
and registry linkage until 2009. A total of 657 individu-
als (9,2% of the cohort) were obese and 42,5% of
these were classified as MHO in 1991-1993. Over the
median follow-up of 17.4 years, there were 828 inci-
dent cases of CVD and 798 incident cases of type 2
diabetes. Compared with metabolically healthy normal
weight individuals, MHO subjects were at increased
risk for CVD (HR 124 1,97, 95% ClI: 1,38-2,80) and
type 2 diabetes (3,25, 95% Cl: 2,32-4,54). There was

excess risk in metabolically unhealthy obese compared
with MHO for type 2 diabetes MHO (1,98, 95% Cl:
1,39-2,83) but not CVD (1,23, 95% Cl: 0,81-1,87). The
authors concluded that for T2DM, the MHO pheno-
type is associated with lower risk than the metabolical-
ly unhealthy obese, but for CVD the risk is as elevated
in both obesity phenotypes (9).

Insulin resistance, a main feature of MS, has been
accepted to be a major risk factor in the etiology of
T2DM, hypertension, dyslipidemia, atherosclerotic vas-
cular disease and coronary heart disease. Therefore, it
is important to recognize IR in the predisease stage
when therapeutic intervention is likely to be more suc-
cessful than in manifest disease (10, 11).

Coronary heart disease is the epidemic of mod-
ern civilization in which dyslipidemia contributes
significantly to its pathogenesis. WHO predicts 11.1
million deaths globally and 71% deaths in developing
countries due to CAD by 2020 A.D.

Lipid profile refers to some routinely done bio-
chemical tests to assess the atherogenic status of indi-
viduals at risk of coronary artery disease. It includes
serum TG, serum TC and its subfractions like HDL-C
and LDL-C. The Framingham heart study over a num-
ber of years has established the role of deranged lipid
profile in the progression of coronary artery disease
and deranged LDL-C levels are the primary target for
treatment (12).

Calculating certain ratios using these parameters,
especially in situations where LDL-C levels are below
target range, may increase the identification of at-risk
individuals.

According to Grover, either the ratio of LDL-
C/HDL-C or TG/HDL-C is the best related predictor of
future cardiovascular events (13). The logarithmically
transformed ratio of plasma TG to HDL-C correlates
closely with the LDL particle size and can serve as an
indicator of the atherogenic lipoprotein phenotype.
Clinical studies have shown that AIP predicts cardio-
vascular risk and that it is an easily available cardiovas-
cular risk marker as well as a useful measure of the
response to treatment (14).

Patients with T2DM are at increased risk of car-
diovascular morbidity and mortality. The significant
increase in TG, the TG/HDL-C ratio, AIP, BP and the
BMI of diabetic patients with MS when compared to
the type 2 diabetic patients without MS, predicts that
patients with T2DM with MS are at a higher risk level
for CVD. This is in concordance with the fact that
insulin resistance induces several metabolic changes
such as hyperglycaemia, dyslipidaemia and perhaps to
a lesser extent, hypertension, which all contribute to
the development of atherosclerosis (15).

We found significantly higher values of AIP in
women with MS compared to MHO individuals (P <
0,001). Undoubtedly, these results confirm the fact
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Table 1.

Age and anthropometric parameters in
the studied groups of women

Parameters

Groups of women

MC (n=52) MHO (n=22)

Age (years)

37,75£11,38 35,2719,09 NS

Height (m) 1,65+0,06 1,66+0,06 NS
Weight (kg) 99,19+18,73 95,87+16,48 NS
BMI (kg/m?) 34,64+4,81 35,09+3,23 NS

Waist circumference (cm)

106,04£12,52 100,55+8,56 NS

Hip circumference (cm)

119,26%13,02 116,05£10,58 NS

WHR

0,89+0,06 0,87+0,06 NS

NS - lack of significant difference, P>0,05

that insulin resistance is a multiple condition leading to
the development of T2DM, lipid disorders, arterial
hypertension and CVD.

Castelli's Risk indices (CRI) are based on three
important lipid profile parameters i.e. TC, LDL-C and
HDL-C. Higher values of CRI-l were determined in the
women with MS compared to those in MHO partici-
pants. The Canadian working group had chosen the
TC/HDL-C ratio as a secondary goal of therapy consid-
ering it to be a more sensitive and specific index of car-
diovascular risk than TC, particularly in individuals with
TG>3,39 mmol/l (16). Some studies have shown an
association of TC/HDL-C ratio with coronary plaques
formation (17). In the PROCAM study, it was observed
that subjects with LDL-C/HDL-C >5 had a 6 times high-
er rate of coronary events (18).

Essiarab et al. (19) studied the impact of obesity
and MS on lipoprotein profiles and cardiovascular risk
through lipid ratios and AIP in Moroccan women.
Their study included 240 Moroccan women divided
into 3 groups: controls (Group 1), obese women with-
out MS (Group 2) and obese women with MS (Group
3). Anthropometric and lipid measurements were

taken and specific lipid ratios assessed, as well as non-
HDL cholesterol (Non-HDL-C) and AIP. Group 2 present-
ed similar lipoprotein profiles compared with Group 1.
Group 3 had higher TG levels than Group 1, which, in
turn, increased HDL and AIP values. Dyslipidemia in
Group 3 was demonstrated by higher TG levels, lipid
ratios and AIP and lower HDL-C levels compared with
Group 2. All of these abnormalities are responsible for
elevation of CVD risk. Closer associations were found
between cardiovascular risk and lipid ratios and AIP than
lipids alone. The study confirmed that MS affects the
serum lipoprotein profile of obese women. Lipid ratios,
non-HDL-C and AIP remained useful tools for the diagno-
sis and prognosis of CVD by their associations with lipid
parameters and their high predictive values (19).

Conclusion:

Higher levels of basal and stimulated GLU and
IRI, values of HOMA-IR and atherogenic indices/ratios
showed a higher risk of T2DM and CVD development
in women with metabolic syndrome compared to
metabolically healthy overweight/obese women.

Table 2. Parameters Groups of women
Forameters o tpid meaboiomand MC s | MHO rz2)
groups of women TC (mmol/L) 5,08+1,00 5,1120,56 NS

HDL-C (mmol/L) 1,09%0,27 1,270,27 **
LDL-C (mmol/L) 3,18+0,87 3,374£0,54 NS
TG (mmol/L) 1,77%0,96 1,0240,38 ***
TC/HDL-C 4,90+1,38 421111 %
LDL-C/HDL-C 3,10£1,11 2,83£1,00 NS
TG/HDL-C 1,75%1,11 0,83£0,36 ***
AIP 0,1940,25 - 0,02+0,13%**

NS - lack of significant difference, P>0,05

*— a presence of significant difference, P<0,05
**— a presence of significant difference, P<0,01
***— a presence of significant difference, P<0,001
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Values of GLU 0, 60' and 120" in the studied groups of
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Clinical Case

Cpabuenue Ha cyunmuzpadcku obpazu ¢
pazAauuHu paguodapmayebmuyu - ***Tc MIBI u
9"T¢ Tetrofosmin npu eguH u cou| hayueHm ¢
nupbuueH xunepnapamupeougujom

bomywanoBa, AAGeHa A.', bomywano6, Hukoaau I.?

' Kamegpa KauHuuHa OHkonozug, Cekuyua HykaeapHa meguuuHa - MY INaoBguB

> Bmopa kamegpa no BompewHu 6orecmu, Cekuyua EHgokpuHoAaozua u Boaecmu Ha
obmaHama - MY TMroBguB

Pesiome Hua. Ha npoBegeHama egHouzomonHa gBydazoBa
cuuHmuzpadgua ¢ 22mTc-MIBl cbuyemaHa ¢ paHHa

MpegcmaBame cayyal Ha >XeHa Ha 56 20guwiHa SPECT mexHuka ce Bu3yaau3upa pokyc HampynBau,

Bb3pacm ¢ ycmaHoBeHu napakAUHUYHU U KAUHUYHU
gaHHu 3a nbpBuueH xunepnapamupeogu3bm U Heyc-
newHo npegwecmBawo onepamuBHo Aeuverue. [Mo-
pagu Bucoku cmouHocmu Ha kKaAuuld 2,71 mmol/l,
MTX 273,6 pg/ml, goaHozpaHuueH cocgpop 0,78
mmol/l u auncama Ha Y3A u MPT gaHHU 3a HaAuvue
Ha NAaMOAO2UYHO NpomeHeHU napawumoBugHu >Kae-
3u, npu nauyueHmkama ce npoBege egHouzomonHa
gBypazoBa cuunmuzpacpua Ha napawumoBugHu
)ae3u ¢ 99mTe-Tetrofosmin, cbueman ¢ paHHa SPECT
mexHuka. AuncBaxa cuuHmuzpacku gaHHU 3a 30Ha
Ha ocmambuHa akmuBHocm 6 o6aacmma Ha wuama
U MeguacmuHyma, koumo ga ce cBobprxam ¢ xunep-

paguomapkepa, paznoroxeH B gacHo Ha wuama Ha
paHHume SPECT o6pa3u u Ha KbCHUMeE NAaHapHU 006-
pa3u, cycnekmeH 3a napawumoBugeH ageHom. IMpu
nocaegBarama onepamuBHa uHmepBeHuyua e omcm-
paHeH ageHoM Ha goaHa napawumoBugHa »kae3a 6
gaCcHO, goKa3zaH XUCMOAO2UYHO U CbBnagaw, cbe
CcuuHmMuU2pagpckama Haxogka.

To3u cayuall gaBa Bb3moxkHocm ga ce cpaBHam
gBa ckeHa ¢ pazauuHu paguodapmaueBmuuu B8 xoga
Ha pa3Bumue Ha MXIT npu eguH U Cbwu navueHm.
PazauuHu chakmopu mozam ga obacHam koHBepcus-
ma om nbpBoHauarHo HezamuBern 6 no3zumuBen
ckeH. [Npu cyuHmuepadgpuama c 99mTc -MIBI u 99m Tc-

chyHKuuoHUpaw, napawumoBugeH ageHom.

Mem meceua no-KbCHO nauueHmMkama bewe u3-
npameHa noBmopHoO 3a cuuHmMuzpadgua Ha napauiu-
moBugHu »Ae3u nopagu nokauBaHe Ha cmolHoCcmMuU-
me Ha cepymHua Kaauud — 2,92 mmol/l u Ha TTX -
334,6 pg/ml u 3acuaBane Ha KAUHUYHUME onAakBa-

Tetrofosmin ca Haauue peguua pakmopu om BUOAO-
2U4HO U mexHuyecko ecmecmBo, koumo noBauaBam
maxHomo HampynBarHe om napawumoBugHume age-
HOMU U NomeHuuasHo mozam ga noBausam uyBcm-
BumeAHocmma u cneyuuyHOCMMa Ha memoga.

Key words: nopBuuen xunepnapamupeouguzbm, cuunmuzpadus, 99mTc - sestamibi, 99mTc-tetrofosmin

BbBegeHue: MopBuuHuam xunepnapamupeougusbm (MXIMT) ce gbaxku Ha aBmoromHa cBpbxnpogykuun
Ha napamupeougeH xopmoH (ITX) om egHa uau noBeue abHOpPMHO npomeHeHU napawumoBugHu >Ae3u. Ao-
CKOPO cuumat 3a pagko 3aboanBane, 6 nocregHume 2oguHu ¢ HaBau3zaHe B KAUHUYHamMAa Npakmuka Ha pYymuH-
Ho u3caegBaHe Ha HuBama Ha cepymHua Kaauul ce ycmanoBu, ue HezoBama yecmoma e npubauzumeaHo 42
Ha 100 000 gywu. B npeobaagaBawama yacm om cayyaume npomudya 6e3cumnmomHo. Cpewa ce 2 go 3 nb-
mu no-4yecmo npu >eHu. Yecmomama my HapacmBa ¢ Bb3pacmma u gocmueza go 4 Ha 1000 npu >xeHu Hag 60
2oguwHa Bv3pacm. MNpu noBeuemo om nauueHmume ¢ TIXTT auncBam KAUHUYHU cumnmomu u 3a6oanBate-
MO ce guazHOCMuUUUpa No peaucmpupaHume npomeHu 68 cepymHume HuBa Ha kaauul, gpoccpop u MTX (1, 2).
Mpu 85-90% om nauueHmume npudvuHama 3a MNXIT e Haau4yue Ha coaumapeH napawumoBugeH ageHom, a 6
ocmanaaume 10-15% ce gbaxu Ha nbpBuuHa xunepnaazua Ha napawumoBugHume xae3u (3). B 6Auzkomo mu-
HaAO cmaHgapmHomo xupypauyHo aeveHue npu MXI1T e 6uro buaameparHama wulHa ekchaopauus. [MoHexe
npu noBeuemo om nauueHmMumMe e 3acezHama camo egHa »ae3a, uzBoupwBaHemo Ha GuaameparHa wulHa ek-
cnaopauua npu Bcudku nauueHmu ¢ xunepnapamupeougu3ibm He BuHazu e Heobxogumo. 3a ga ce Hamaaam
NPogbAKUMEAHOCMMA Ha onepayuama u puckbm om nocmonepamuBHu ycaoxkHeHua B nocaegHume 20guHU
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Clinical Case

AnbeHa bomywa+oBa u compygHuyu

6 KAUHUYHama npakmuKka Wupoko HaBAe3e yHuaamepaaHama wulHa ekcnaopayua ¢ omcmpaHaBaHe Ha npeg-
BapumeAHo ycmaHoBeHua u monuvHO AoKaAu3upaH ageHom (4). Kamo ce 83emam 68 npegBug Bvb3moxkHume
Bapuauuu 6 6poa u paznoroxkeHuemo Ha abHOPMHO npomeHeHume napawumoBugHU >KA€3U, OM 20AAMO 3Ha-
yeHue ca cneyuduyHocmma u yyBecmBumeaHocmma Ha uznoa3zBaHume 3a npegonepamuBHama um AoKaAu3a-
uua Mmemogu 3a obpazHa guazHocmuka. B mazu Bpb3ka, Bbnpeku Hakou cBou o2paHuveHua u BapuabuaHocm
6 mouHocmma, npegonepamuBHama cuuHmuezpadua Ha napawumoBugHume >ae3u ¢ 99mTc- MIBI uau 99mTc-
Tetrofosmin 6 kombuHauua ¢ exoepagpckomo uzcaegBaHe umam mouHo ycmaHoBeHa poaa 8 npomokoaume 3a
npegonepamuBHo uzcaegBane npu nauyueHmu c MXMT (5, 6), ocobeHo B cayuaume npu amunuyHa AOKaAu3a-
UuAa Ha XxunepyHKUuoHUpawume napawumoBugHu ageHomu u npu peuuguB Ha 3a6oaaBaHemo.

INpegcmaBame cayual Ha navyueHmka ¢ gokasad INXIT, npu koamo nbpBuuHo HezamuBHama cuuHmMu-
2pagpua uzBoupwena ¢ 99mTc-Tetrofosmin, Bbnpeku conbmemBawume GUOXUMUYHU NPOMEHU XapakmepHu 3a
3aboaaBaHemo, ce mpaHcopmupa B nozumuBer ckeH npu noBmopHomo npoBexkgaHe Ha cuUHMU2PaAPCKO-
mo u3caegBate ¢ gpyz paguogapmaueBmuk — 99mTc- MIBI, 5 meceua NoO-KbCHO.

KAuHu4eH cayuyal - onucaHue

XeHa Ha 56 2oguwHa Bb3pacm ¢ ycmarnoBeHu
npe3 mecey, aHyapu 2013 2. no noBog Ha acmeHoagu-
Hamus, 60AKU no kocmume u peuyuguBupawa gBy-
cmpaHHa Hedpoaumuasza, Bucoku cmouHocmu Ha:
obw, kaauul 2,71 mmol/l (2,1-2,6 mmol/l 2), TITX
273,6 pg/ml (15-65 pg/ml) u goaHoz2paHuueH ¢oc-
¢op 0,78 mmol/l (0,77-1,36 mmol/l). B mazu Bpb3ka
ca u3BvpweHu peguua gpyau napakAUHUYHU U 06-
pa3Hu u3zcaegBaHuna, koumo nokazBam goAHozpaHu-
yeH 25(OH) Bumamun D3 = 32,5 ng/ml (30-50 ng/ml)
U NOHWXeHa KoCmHoMuHepaAHa nabmuocm (KMI)
Ha AymbarHume npewnaeHu (T-score — 3,1). Ipu Han-
paBerHomo yampazBykoBo uzcaegBaHe Ha wulHama
obracm e peaucmpupaH cycnekmeH 3a hapawumo-
Bugen ageHom xunoexozeHeH Bb3ea C pazmepu
8,4/6,4/9 mm, nog goAHUA NOAIOC Ha gecHua AOD Ha
wumoBugHama »Ae3a C Xunepexo2eHHO XaAo U no-
BuweHo kpbBocHabgaBate. Mpe3 m. mapm 2013 2. e
u3BbpweHa momaaHa mupeougekmomus, Kamo mak-
pockoncku uHmpaonepamuBHo He e nomBbpgeHo
Haaudue Ha napawumoBugeH ageHom. Xucmoao2uy-
HUAM pe3yamam e noka3aa HOgo3Ha KoAougHa
cmpyma. MocmonepamuBHo e peaucmpupaHo 3a-
gbpykaHe Ha Bucokume cmoUHOCMU Ha CepymHus
KaAuud u MNTX, 6e3 conbmcemBawu Y3A u MPT gaHHu
3@ HaAuYue Ha NamOAO2UYHO NPOMEHEHU hapawumo-
BugHu >kAe3u, Nopagu KOemMo NauUeHMKama e Hacoue-
Ha 3a u3zBbpwBaHe Ha cuuHmMuzpadpcko u3zcaegBaHe.
[Npe3 m. mau 2014 2. ce npoBege egHouzomonHa gBy-
pazoBa cuuHmuepadgpua Ha napawumoBugHu xAe3u ¢
99mTc- Tetrofosmin ((Duz. 1) couemana ¢ paHHa SPECT
mexHuka (Dua. 2), npu koamo auncBaxa cuyuHmuzpad-
CKU gaHHU 3a 30Ha Ha ocmambyHa akmuBHocm 6 o6-
AaCmMmMa Ha wuama u meguacmuHyma, Koumo ga ce
cBbpykam ¢ ageHOM Ha nhapawumoBugHU >KAe3U.

MNpe3 m. HoemBpu 2014 2., nopagu nokauBaHe
cmolHocmume Ha cepymHua kaauud 2,92 mmol/l (2,1-
2,62 mmol/l), TITX 334,6 pg/ml (15-65 pg/ml), 3acu-Ba-
He Ha KAUHUYHUME onAakBaHua u Aunca Ha kKamezopu-

yHU Y3A gaHHU 3a HaAuveH napawumoBugeH ageHoMm,
nauueHmkama 6Gewe u3znpameHa noBmopHo 3a u3-
BbpwBaHe Ha cuuHmMuzpadcko uzcaegBaHe Ha napa-
wumoBugHume xae3u. NpoBege ce egHouzomonHa
gBygpazoBa cuuHmuzpacpun, kamo Gewe u3znon3Ban
gpye paguopapmauebmuk — 9mTc-MIBI (Due. 3), co-
yemaHa c paHHa SPECT mexHuka (Due. 4).

Mpu npoBegeHama egHouzomonHa gBydazoBa
cyuHmuzpadus Ha napawumoBugHu >xae3u ¢ 99MTc-
MIBI, cbuemana ¢ panHa SPECT mexHuka npu nauu-
eHmKkama ce uzobpa3u 30Ha Ha ocmambyHa akmuob-
Hocm B obracmma Ha wuama 6 gacHo, cycnekmHa
3a ageHom Ha napawumoBugHa »ae3a. Bvnpeku
Aauncama Ha Y3A u MPT gaHHuU, nogkpenawu CUUH-
muepagpckume pe3yamamu, hayueHmkama npembp-
na onepamuBHa uHmepBeHyua, npu koamo 6e om-
CMpaHeH ageHoM, aHzaXkupawl, goAHa gacHa napauiu-
moBugHa xAe3a, nomBbpgeH XUCMOAO2UUYHO U CbB-
nagaw, cbC cuuHmuezpadgckama Haxogka. Mocmone-
pamuBHo HuBama Ha cepymHua kaauud u TTX ce
HOpMaAu3upaxa.

ObcvikgaHe

To3u cayual gaBa Bvb3morkHocm ga ce cpaBHam
gBe cuuHmuepadpcku uzcaegBarun, npoBegeHu ¢
pa3AudHu paguodpapmaueBmuuu 6 xoga Ha pazBu-
mue Ha NXIT npu eguH u cbwu navueHm. PazauyHu
pakmopu mo2am ga obacHam koHBepcuama om nbp-
BoHauarHo HeeamuBeH 6 nozumuBen ckeH. [Mpu
cuuHmuzpaguama c¢ 9mTc-MIBI u 99mTc-Tetrofosmin
ca HaAuue peguua gpakmopu om GUOAO2UYHO U MeX-
Huyecko ecmecmBo, koumo noBauaBam maxHomo
HampynBaHe B8 napawumoBugHume ageHoMu U no-
meHyuaAHO mo2am ga noBauaam uyBcmBumeaHocm-
ma u cneyuguyHOCMMa Ha Memoga.

99MTc-MIBI u 99mTc- Tetrofosmin ca moHoBaaeHm-
HU AUNOUAHU KamUuOHU, Koumo 4pe3 nacuBHa gudy-
3UA NO EAeKMPOXUMUYEH 2pagueHm npemuHaBam
npe3 KraembuHama membpaHa u ce HampynBam npe-
gumHo 8 mumoxoHgpuume (99mTc-MIBI) u 6 yumo3zoaa
(99mTc-Tetrofosmin) Ha napawumoBugHuMe KAemKu.
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(Duzypa 1. Ha paHHUMe nAaaHapHuU obpaszu
(20 muH.) He ce peaucmpupa HampynBaHe Ha
99mTc- Tetrofosmin 6 o6aacmma Ha wumoBug-
Hama »ae3a (CbcmosHue caeg onepamuBHa
uHmepBeHuyua Ha wum. xae3a). Ha kbcHume
nAaHapHu o6pazu (120 muH.) He ce Bu3yaauzu-
pa okyc Ha ocmambyHa akmuBHocm Ham-
pynBaw, paguomapkepa.

20 MuH

Queypa 2. Ha SPECT
obpa3zume He ce peauc-
mpupa 30Ha HapynBawga
99mTc- Tetrofosmin 6 06-

AaCmma Ha wuama.

HopmaaHume napawumoBugHu >Ae3u He noemam
99mTc-MIBI uau 99mTc-Tetrofosmin. TouHuam mexa-
HU3bMm 3a ceaekmuBHomo HampynBare 8 abHopm-
HUMe XxunepgyHKuyuoHuUpawu napawumoBugHu
»xAe3u ocmaBa guckymabuaeH, kamo Bucokama
MUMOXOHgpuUaAHa akmuBHocm pezucmpupaHa npu
nayueHmume c [XIT, ce cyuma kamo ocHoBeH
onpegeaaw, pakmop.

Bbpxy pezyamamume om cuuHmuz2pagpckomo
uzcaegBare BauaHue mo2am ga okazBam npegonepa-
muBHume HuBa Ha cepymHua kaauul, MNTX u 25 (OH)

Bumamun D3. EgHo npoyuBane npu 102 nauueHma
c gokazaH [1XI1T, noka3zBa, ue npu me3u om max,
npu KOUmMoO U3XogHUmMe CMOUHOCMU Ha CepymHua
KaAuud ca 6uau no-Bucoku om 2,82 mmol/l, noao-
>KumeaHu ckeHoBe ca Guau noaydeHu npu noBeue
om 95% om nauyueHmume, gokamo npu me3u C no-
HUCBK CepymeH KaAuul, NOAOXKUMEAHU pe3yamamu
ca noaydeHu camo npu 60% (7). Cowama kopeaayun
e ycmanoBeHa 3a HuBama Ha MTX. CepymHu HuBa Ha
MTX no-Bucoku om 160 pg/ml Kopeaupam ¢ no3u-
muBHu ckeHoBe npu 93% om nauueHmume, 6 cpab-
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AnbeHa BomywaHoBa u compygHuyu

(Duzypa 3. Ha paHHUMe nAaaHapHu obpaszu
(20 muH.) He ce peaucmpupa HampynBaHe Ha
paguomapkepa 8 obracmma Ha wumoBugHa-
ma >kAe3a (CbcmosaHue caeg onepamuBHa uH-
mepBeHyua Ha wum.kA). Busyaausupa ce ¢go-
kyc HampynBaw, 29MTc-MIBI  pa3znoaoxen 6
gACHO Ha wuama. Ha kbcHume nAaHapHu obpa-
3u (120 muH.) ce peaucmpupa hoKyc Ha ocma-
mbuHa akmuBHocm B8 gacHo Ha wusma (Bux.
cmpeakume).

Quezypa 4. Ha pannu-
me SPECT obpasu ¢
99mT¢ - MIBI ce Bu3yaau-
3upa Xxunepgukcupauwa
30Ha 6 obracmma Ha wu-
ama 6 gacHo.

HeHue ¢ HabatogaBaHume 57% NOAOXKUMEAHU CKEHO-
Be npu me3u ¢ no-Hucku HuBa Ha xopmoHa (7). O6-
pamHo Ha moBa, ycmaHoBeHa e ompuuameaHa Kope-
AauUA MexXgy cepymHume cmolHocmu Ha 25(OH)
BumD3 u HampynBaHemo Ha paguodapmaueBmuuu-
me 6 napawumoBugHume kaemku. B egHo npoyuBa-
He npu 421 nauuenma c MXMT noka3Ba, ye npu me-
3u, npu koumo 25 (OH) Bum D3 e 6ua nog 25ng/ml,
ca omyemeHu no-Bucoku HuBa Ha MTX u no-20remu

pa3mepu Ha napawumoBugHu ageHomu B cpaBHeHue ¢
mes3u C HOpMaAHU cmotHocmu (>25 ng/ml), kamo u Be-
poamHocmma 3a no3umuBeH ckeH npu max e 6uaa 8
nbmu no-zorama (OR 7,86, 95%CI, 4,78-12,93,
P<0,001) (8). Huckume HuBa Ha 25(OH) Bum D3 mo-
2am ga cmumyaupam pacmexka Ha napawumoBugHu-
me ageHOMU NO mMexaHu3bm, Koumo He ecBbp3aH Cbe
cbnbmcmBawume xunokaauemua U ge-puuum Ha
1,25(OH)2 Bum D3, kamo pegyuupam nepudepHua
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epekmopeH KaauuemuueH omzoBop kbm gelicmBue-
mo Ha NTX no-makbB6 HauuH, Ye ga ca Heobxogumu no-
Bucoku HuBa Ha TTX u noBeue napawumoBugHu
KAEMKU, 3a ga ce noggbpxka noBuweHusa ,cem-
noluHmM”, xapakmepeH 3a 3aboaaBaHemo (9).

ConbmcmBawuam npuem Ha HAKOU Meguka-
MeHMU Cbwo 6u moeba ga okaxe BauaHue Bbpxy pe-
3yAmamume om cuuHmuezpadgckomo u3caegBaHe.
M3noa3BaHemo Ha 6aokepu Ha kaauueBume KaHaau
moxke ga noBause , bnmelka” Ha 99mTc-MIBI om napa-
wumoBugHume kAemku u ga Hamaau vyBecmBumen-
Hocmma Ha memoga. Friedman et al. ycmarnoBaBam,
ye BepoamHocmma 3a HezamuBeH ckeH e gBa nbmu
no-Bucoka npu nauueHmu, npuemawu KaauueBu aH-
mazoHucmu, 8 cpaBHeHue ¢ me3u, Koumo He npue-
mam nogo6bHu megukameHmu (OR 2,88, 95% Cl, 1,03-
8,10, P=0,045) (10).

Peguua 6uorozuuHu pakmopu, cBbp3aHu ¢ pas-
mepa u KaembuHua cbemab Ha napawumoBugHume
ageHomu okazBam BauaHue Bbpxy noayuyeHume
cuuHmuepadgcku pezyamamu. Bonpeku, cBoama
BaxkHa poas, pazmepbm He e eguHcmBeHuam onpe-
geaaw, pakmop. KaembuyHomo cbgbpikaHue Ha na-
pawumoBugHua ageHom e om cbwecmBeHo 3Haue-
Hue, mbl Kamo OKCUpuAHUME KAemKu umam no-Bu-
COKO MUMOXOHJPUAAHO CbgbpykaHue u HampynBam
6 no-Bucoka cmeneH mexHeuueBume uzomonu. Ha-
AUMUEMO Ha no-20AaM Gpol okcudpuaHu Kaemku B na-
pawumoBugHume ageHomu kopeaupa ¢ no-8ucok npo-
ueHm noAoxkumeaHu ckeHoBe ¢ 99mTc-MIBI (11). B eg-
HO CbobweHue ce nocouBa, ve Npu ageHOMU C Me2A0
Hag 600 mg u CbgbprKaHUe Ha OKCUPUAHU KAEMKU
Hag 20%, Bpoam Ha noAyvyeHUMe NOAOXKUMEAHU CKe-
HoBe HapacmBa coomBemnyo ¢ 10 u 4 nomu (12). Mpu
Haauduemo Ha noBeuve om eguH napawumoBugeH
ageHoM poAama Ha cuuHmuepadgckomo uzcaegBaqe
3a maxHomo agekBamuo Bu3zyasuzupaHe u npaBuaHo
AOKaAU3upaHe e oz2paHudeHa. Siperstein et al. ycmaro-
B8aBam, ye mouHocmma Ha 99mTc-MIBI ckeHa e buaa
49% npu noAuz2aaHgyaapHo aHzaxkupate (5). lNogobHo
Ha moBa, mouHocmma Ha 99MTc-MIBI e Guaa camo
30% 6 egHa 2pyna om 21 nauueHma c gBolHu ageHo-
mu (13). Bb3moxkHomo obacHeHue Ha MO3u pakm
BkatouBa npegpepeHyuarHomo HampynBaHe Ha paguo-
hapmaueBmuuume om egHa oM npomeHeHUme napa-
wumoBugHu xae3u, koemo 3ampygHaBa uzobpazaBa-

HEemMo Ha ocCmaHaAume >Ae3u.

He Ha nocaegHo macmo, HampynBaHemo Ha
99MTc-MIBI u 99mTc-Tetrofosmin 8 kAemkume Ha napa-
wumoBugHume ageHomu 3aBucu u om akmuBHocm-
ma Ha BvmpekaembuHua P glycoprotein, kogupaH
om MDR 2eHa. Tol ¢pyHkuuoHupa kamo ATMD-3aBucu-
ma eaykcHa nomna, npegna3Bawa om HampynBaxe
Ha AUNOPUAHU KamuoHHU paguogapmaueBmuuy,
Bratouumenro 9MTc-MIBI u 99mTc-Tetrofosmin (9). Exc-
npecusma Ha P glycoprotein 6 napawumoBugHume
ageHomu e BaxkeH ¢hakmop, onpegeaaw, ,bnmedka’
Ha paguodapmauyeBmuuume. B egHo npoyuBate
71% (10 om 14) om ageHomume c u3pazeHa P glyco-
protein-membpaHHa akmuBHocm 3a ca noka3zaAu Heza-
muBeH ckeH, kamo 6 cbwomo Bpeme 70% om max
(45 om 64) ¢ HeecamuBHa P glycoprotein-membpaHHa
ekcnpecus (P=0,006) ca umaau nogumuBeH ckeH (14).

Peguua chakmopu om mexHuvyecko ecmecmBo
cbwo okazBam BauaHue Bbpxy kauecmBomo Ha HYK-
AeapHoMeguuuHcKume memogu — ycbBopweHcmBa-
He Ha cuuHmuezpagckomo uicaegBare upe3 BouBex-
gaHe Ha HoBu cneuuduyHu paguodapmauebmuuy,
HoBu mexHuku u memogu Ha u3cAegBaHe, kKamo u
xubpugHume anapamu SPECT/CT, PET/CT.

3akAloyeHue

Peguua gpakmopu mozam ga okakam edgekm
Bbpxy peyamamume om cyuuHmMu2pagpckomo u3-
cregBaHe u ga obacHam npeBpbwaHemo Ha eguH
nbpBoHavarHo HezamuBeH ckeH 6 nozumuBeH. U3-
noazBaHume 6 HykaeapHOMeguuUHCKama npakmuka
pazAuYHU paguogapmauepmuuyu U Memogu Ha u3-
cregBaHe umam cBoume npegumcmBa u Hegocma-
mbuu, kKamo B Hawua cayyal uznoazBaHemo Ha
99MTc-MIBI ce oka3zBa ¢ no-Bucoka uyBcmBumen-
Hocm u cneuuduuHocm B cpaBHeHue c 99MTc-
Tetrofosmin. MNpu HaAuyuemMo Ha napakAUHUYHU gaH-
Hu 3a [MXIT u HeBb3mo>KHOCMMA 3a MOYHa AOKaAU-
3auua Ha NamoOAO2UYHO NPOMEHEHUME napauwumo-
BugHu »XAe3u upe3 gpyaume memogu 3a obpazHa
guazHocmuka, cuuHmuepagckomo uzcaegBaHe ¢
99mTc-MIBI ce aBaBa memog Ha uzbop, ocobenHo 6
cAydaume Npu amunuyHa AoKaAu3auua Ha Xunep-
pyHKUUOHUpawume napawumoBugHu ageHomu U
npu peuuguB Ha 3a6oaaBaHemo.

Endocrinologia vol. XXII Ne2 /2017



Clinical Case

Comparison of Parathyroid Scintigraphy

with Different Radionucleotides - **"Tc MIBI
and °°"Tc Tetrofosmin in one and the same
Patient with Primary Hyperparathyroidism

Botushanova, Albena D'., Botushanov, Nikolay P.?

'Department of Clinical Oncology, Section Nuclear Medicine; Medical University, Plovdiv

2 Second Department of Internal Diseases, Section/Clinic of Endocrinology; Medical
University, Plovdiv

Abstract

We present the case of a 56-year old woman
with laboratory and clinical data for primary hyper-
parathyroidism following unsuccessful surgical treat-
ment. Due to the persistently high levels of calcium -
2,71 mmol/l, PTH - 273,6 pg/ml and low phosphorus
- 0,78 mmol/l and the lack of CT and MRI data for
pathologically changed parathyroid glands, we per-
formed a single-isotope dual-phase parathyroid scintig-
raphy with 99mTc-Tetrofosmin combined with SPECT,
which showed no definite areas of abnormal parathy-
roid tissue in the areas of the neck or mediastinum.
Five months later, the patient was referred again for
parathyroid scintigraphy because of the continuously
rising levels of calcium — 2,92 mmol/l and PTH - 334,6
pg/ml, and worsening of her complaints. This time we
performed a single-isotope dual-phase parathyroid

scintigraphy with 99mTc-MIBI combined with SPECT,
which revealed a focus of radionucleotide accumula-
tion in the right lower neck on the early SPECT images
and also visible on the late planar images being highly
suspicious for parathyroid adenoma. She underwent
successful removal of a right lower parathyroid adeno-
ma. This case gives us an opportunity to compare two
scans with different radionucleotides obtained during
the course of development of primary hyperparathy-
roidism in one and the same patient. Several reasons
can explain the conversion of the initially negative scan
into a positive one. Different factors of biological and
technical origin can influence the accumulation of
99mTc-MIBI and 99m Tc-Tetrofosmin into the parathyroid
adenomas and affect sensitivity and specificity of the
imaging method and finally the outcome of the scan.

Key words: primary hyperparathyroidism, scintigraphy, 99mTc-sestamibi, 99mTc-tetrofosmin

Introduction: The primary hyperparathyroidism (PHPT) is due to excessive production of parathyroid hormone
(PTH) from one or more abnormal parathyroid glands. Considered a rare disease in the past, the incidence of
PHPT has changed dramatically with the introduction of routine calcium measurements and is now found in
approximately 42 per 100 000 persons. Women are affected 2 to 3 times more frequently than men. PHPT occurs
predominantly in individuals in middle age and can reach 4 cases per 1 000 persons in women after their 60°s.
Predominantly PHPT causes no or few clinical signs and diagnosis is made upon the established changes of the
levels of calcium, phosphorus and PTH (1,2). By far the most common lesion found in patients with PHPT is the
solitary parathyroid adenoma, occurring in 85%-90% of patients, while in the rest 10%-15% primary hyperplasia
of the parathyroid glands is present (3). In the past the standard surgical approach for PHPT was the bilateral four-
gland parathyroid exploration. While in most of the patients with PHPT only one parathyroid gland is being affect-
ed, the above mentioned surgical approach is inappropriate in all cases. An unilateral approach is appealing in a
disease in which only a single gland is involved and is connected with less postsurgical complications and short-
ens the time of the operation. As a result, the currently most widely used surgical approach is the minimally inva-
sive parathyroidectomy with removal of previously established and localized adenoma (4). Because the parathy-
roid glands can vary in number and localization, the sensitivity and specificity of the applied preoperative imag-
ing methods are of great importance. Despite its limitations and variable accuracy preoperative scintigraphy with
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99mTc-MIBI and 99mTc-tetrofosmin along with ultrasound examination has an established role in the preoperative
protocols in patients with PHPT (5,6), especially in ectopic localization of the hyperfunctioning parathyroid glands

and recurrence of the disease.

We present a case of a woman with laboratory and clinical data for primary hyperparathyroidism, where the
initially negative scan performed with 99mTc-tetrofosmin turned into positive one when the scintigraphy was per-
formed with another radionucleotide — 99mTc-MIBI, five months later.

Case presentation:

A 56-year old woman diagnosed with PHPT in
January, 2013, based upon her complaints of fatigue,
recurrent nephrolithiasis, bone aches and laboratory
findings of high levels of total calcium — 2.71 mmol/I
(2,1-2,62 mmol/l), PTH - 273,6 pg/ml (15-65 pg/ml)
and low normal phosphorus — 0,78 mmol/I (0,77-1,36
mmol/l). She also showed a low normal level of 25
(OH) Vitamin D3 - 32,5 ng/ml (30-50 ng/ml) and
decreased bone mineral density (BMD) in the spine (T
score — 3,1). A neck ultrasound (US) revealed a
8,4/6,4/9 mm hypoechoic nodule inferior to the right
thyroid lobe with hyperechoic rim and increased color
flow Doppler signal suspicious for parathyroid adeno-
ma. In March, 2013 she underwent total thyroidecto-
my with no intraoperatively found parathyroid adeno-
ma and the histological result showing colloid nodular
goiter. Postoperatively levels of total calcium and PTH
remained high. Because there were no US and MRI
data for abnormal parathyroid glands, the patient was
referred to the Department of Nuclear medicine for
parathyroid scintigraphy.

In May, 2014 a single-isotope dual-phase scintig-
raphy with 99mTc-Tetrofosmin combined with early
SPECT was performed. The scan showed no definite
areas of abnormal uptake to suggest possible sites of
abnormal parathyroid tissue (Fig. 1, Fig .2).

In November, 2014 due to the worsening of her
complaints, registered further rising of the levels of
total calcium - 2,92 mmol/l (2,1-2,62 mmol/l ) and
PTH - 334,6 pg/ml (15-65 pg/ml) and no confirmed
US data for parathyroid adenoma, the patient was
referred again for parathyroid nuclear imaging. A sin-
gle-isotope dual-phase scintigraphy with a different
radio-pharmaceutical-99mTc-MIBI combined with early
SPECT was performed. The results are shown in Figure
3 and Figure 4 respectively.

The single-isotope dual-phase scintigraphy with
99mTc-MIBI combined with early SPECT showed a def-
inite area of abnormal activity suggesting possible
abnormal parathyroid tissue in the region of the right
lower neck. Despite there being no supportive data
from US and MRI imaging for the presence of parathy-
roid adenoma, the patient underwent a surgical oper-
ation with the successful removal of a parathyroid ade-
noma engaging the right lower parathyroid gland, fol-
lowed by a reduction of the levels of calcium and PTH.

Discussion:

This case provides a unique opportunity to com-
pare the results of two 99mTc based scans with differ-
ent radio-pharmaceuticals in the history of PHPT in
one patient. Several technical and biological factors
can affect the accumulation of 99mTc-MIBI and 99mMTc-
Tetrofosmin in the parathyroid adenomas and thus
change the sensitivity and specificity of the scintigra-
phy and could explain the conversion of one initially
negative scan into a positive one.

99mTc-MIBI and 99mTc-Tetrofosmin are both
monovalent lipophilic cations that passively diffuse
down the electrochemical gradient through cell mem-
branes and accumulate in mitochondria (99mTc-MIBI)
and cytosol (99mTc-Tetrofosmin) of the abnormal
parathyroid cells. Intact parathyroid cells do not accu-
mulate 99mTc-MIBI or 99mTc-Tetrofosmin. The precise
mechanism of this selective uptake in abnormal
parathyroid glands remains unclear, but high mito-
chondrial activity observed in patients with PHPT is
considered to be the major component of this
increased uptake.

The results of the scintigraphy can be influenced
to some extent by the preoperative levels of total cal-
cium, PTH and 25 (OH) Vitamin D3. In a study of 102
patients with PHPT, more than 95% of those with plas-
ma calcium greater than 2,82 mmol/l had a positive
scan as compared with 60% of those with values less
than that. The same correlation was noted for the lev-
els of PTH. A serum PTH level higher than 160 pg/ml
correlated with positive scans in 93% as compared
with 57% in those with lower levels (7). A significant
negative correlation between 25(OH) Vitamin D3 lev-
els and the uptake of nucleotides in parathyroid cells
was reported. In one study of 421 patients with PHPT
it was shown that in those with 25(OH) Vitamin D3
less than 25 ng/ml higher levels of PTH were detected
and larger sizes of parathyroid adenomas in compari-
son with those with Vitamin D (>25ng/ml) and were
eight times more likely (OR 7,86, 95%Cl, 4,78-12,93,
P<0,001) to have a positive scan (8). Suboptimal
25(OH) Vitamin D3 levels can stimulate the growth of
parathyroid adenoma by a mechanism unrelated to
hypocalcemia or 1,25 (OH)2 Vitamin D3 deficiency
and reduce the calcemic response to PTH, so that a
higher PTH level and more parathyroid cells are need-
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Figure 1. On the early planar images (20 min)
no uptake of 99MTc- Tetrofosmin is visible in the
thyroid gland or around (total thyroidectomy).
On the late planar images (120 min) no definite
areas of abnormal activity suggesting possible
abnormal parathyroid tissue are detected.

20min

Figure 2. On the SPECT
images no area accumu-
lating 99mTc-Tetrofosmin
in the neck is seen.

ed to maintain the increased set-point that is character-
istic of the disease (9).

Concomitant use of some drugs also can affect
the nuclear imaging results. The use of calcium chan-
nel blockers may interfere with 99mTc-MIBI uptake by
parathyroid cells and reduce the sensitivity of the scan.
Friedman et al. found that the odds ratio for a negative
scan was about two fold higher in patients taking cal-
cium channel blockers than those who were not (OR
2,88, 95% Cl, 1,03-8,10, P=0,045) (10).

Several biological factors, including the size and

cellular content of parathyroid adenomas can affect
the outcomes of the nuclear scans. Although consid-
ered to be very important, the size of the adenoma is
not the only factor involved. Cell content of the ade-
noma plays a significant role as oxyphil cells have a

higher mitochondrial content and accumulate
Technetium isotopes to a larger extent. The presence
of oxyphil cells within the parathyroid adenomas is
associated with a positive 9mTc-MIBI scan (11). One
study pointed out that an adenoma weight >600 mg
and an oxyphil cell content >20% increased the rate of
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Figure 3. On the early planar images (20 min)
no uptake of 99mMTc-MIBI is visible in the thyroid
gland (total thyroidectomy) but an area of
99MTc-MIBI accumulation is seen in the right
lower neck. On the late planar images (120 min)
a definite area of abnormal activity suggesting
possible abnormal parathyroid tissue is detected
in the same zone (arrows).

Figure 4. On the SPECT  Rua
images area of increased ||
99mTc-MIBI uptake is seen
in the lower right neck

obtaining a positive sestamibi scan by 10- and 4-fold
respectively (12).

In the presence of more than one abnormal
parathyroid gland there is a significant limitation of
nuclear parathyroid scanning in the possibility of prop-
er detection of all diseased glands. Siperstein et al.
showed that the accuracy of 99mTc-MIBI scan was 49%
in multi-gland disease (5). Similarly, the accuracy of
99mTc-MIBI was only 30% in a group of 21 patients

with double adenomas (13). A possible explanation of
this fact is the preferential uptake of nucleotides by
one abnormal parathyroid gland, which makes visuali-
zation of the others impossible.

The uptake of 99MTc-MIBI and 99mTc-Tetrofosmin
into parathyroid adenoma cells depends on the activi-
ty of the intracellular P glycoprotein coded by MDR
gene, which functions as an ATP-dependent efflux
pump, preventing the accumulation of lipophilic,
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cationic radionucleotides, including 99mTc-MIBI and
99mTc-Tetrofosmin (9). P glycoprotein expression in
parathyroid adenomas has been considered to be
another important factor influencing nucleotide
uptake in parathyroid adenomas. In one study, 71%
(10 out of 14) of adenomas which showed strong P
glycoprotein membrane activity had negative imaging,
while 70% (45 out of 64) with negative P glycoprotein
membrane activity (P=0.006) had a positive scan (14).
Technical factors also can affect the outcome of
parathyroid nuclear imaging. Improving the scintigra-
phy with new and more specific radio-pharmaceuti-
cals, new combined methods like SPECT/CT and
PET/CT are expected to improve the accuracy of
nuclear medicine imaging in patients with PHPT.
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MHO-U300pHO
a bvAzapcko
€HJOKpUuHoAOZUA

Ha 11 mapm 2017 2oguHa ce npoBege Obwo omuemHo-uzbopHo
cbbpaHue Ha bbaecapcko gpyxkecmBo no eHgokpuHonozaua (BAE) 6 3ana
EBpona Ha xomea Pamaga, ,Mapua Ayuza” Ne131, Cogpusa. INpucvcmBa-
xa 152 uaeHa Ha BAE.

3a lNpegcegamen Ha OmuemHo-uzbopHomo cbbpaHue 0Oe u3z0paH
Aou, INramen NMonuBaroB, koimo pbvkoBogu npomuuaHemo my. baxa us-
6paHu Komucua no npegao>keHuama u Komucua no uzbopa.

HanpaBu ce omuyem 3a nepuoga 10. 01. 2014-10. 03. 20172. Aokaagu
u3Hecoxa lNpod. AHHa-Mapua bopucoBa (OmuemeH gokaag Ha YnpaBu-
meAHua cbBem Ha BAE), INpod. Mapua OpbeuyoBa (OmuemeH gokaag Ha
l'hnaBHua pegakmop Ha cn. EHgokpuHoAaoaug), A-p boaH HoHueB (Omue-
meH gokAag Ha PeBu3zuoHHama komucus). [NogpobeH aHaAu3 Ha paboma-
ma Ha PbkoBogcmBomo Ha BAE HanpaBu Mpod. AHHa-Mapua bopucoBa,
Koamo 0606wy Hakpaa u3nbAHEeHUMe 3agavu.

Caeg npoBegeHume gebamu u HanpaBeHu npegao>keHua om vaeHoBe-
me Ha Obwomo cvbbpaHue Ha BAE, nog PbkoBogcmBomo Ha Komucus-
ma no u3zbopa ce nogeomBuxa gBe 6ioAeMUHU C NpegAoykKeHUaMa 3a:

MbpBa 6roAemuHa — PvkoBogecmBo u NMpegcegamea Ha BAE;

Bmopa 6ioaemuHa — PeBu3zuoHHa Komucua — npegcegamea U YAeHo-
Be; MaBeH pegakmop u PegakuuoHHa kKoAeaua Ha cn. EHgoKkpuHoAo2uA.
Komucuama no uzbopa npoBepu obwua 6pol noAyveHu BioAemuHU U yc-
maHoBu, ye me ca 152 (cmo nemgecem u gBe). lNpoBege ce npebpoaba-
He Ha 2aacoBeme 3a Bceku npegaoXkeH YaeH Ha BAE 3a yuacmue 6 Pvko-
BogHume opeaHu Ha CgpyskeHuemo. [NMpuao>keHu ca pabomHume goky-
meHmu no npoBegeHomo u3zbpoaBaHe Ha 2racoBeme. V36opHUamM npo-
uec npukatouu 6 13.00 vaca Ha 11. 03. 2017 2.

Pesyamamume om u3bopa 06a6u lNpegcegameaam Ha Komucuama
no uzbopa A-p Bukmop Mapaapumo8:

Mpegcegamen — [Npod. AHHa-Mapua bopucoBa

YnpaBumeaen cbBem — lNpodp. L|BemaauHa TaHkoBa, A-p ArekcaHgbp
LLunkoB, MNpod. Mapua OpbeyoBa, MNMpod. Muxaua boaHoB, Mpod. Ku-
pua Xpucmo3oB, Aou. MaauHa NMemkoBa, NMpodp. Xyauema lepeHoBa,
Aou. MBan LluHAukoB, MNpod. 3gpaBko KameHoB, A-p Arekcu AeaueB.




bbazapcko gpyxecmBo no eHgoKPUHOAOUS

PeBu3uoHHa komucus:

Mpegcegamen — A-p boaH HoHueB u uaeHoBe A-p Kpacumup Anacmaco8,
A-p Po3a bobeBa, A-p Bara MuuopoBa, A-p AHeaua MuweBa.
I'raben pegakmop Ha cn. EHgokpuHoAoz2ua — [1pod. Mapua OpbeuoBa
Ha 3acegaHue Ha PbkoBogcmBomo Ha BAE Ha 5 anpua 2017 2. ce 83exa peweHua
OMHOCHO:
Cekpemap Ha BAE — lNpo@. LIBemaauHa TankoBa
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gekAaapupam, ye mamepuarbm He e omneuamBaH
6 gpyau HayuHu cnucaHug, ocBeH Kamo pesome Ha
CbobWEeHUe, U3HECEHO Ha HayyveH (hopym.

Ob6embm Ha npegcmaBeHume mamepuasu
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a) 3aenabue, umeHa Ha aBmopume, mecmo-
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KopecnoHgupawume um aBmopu.

0) cbwume gaHHU Ha aH2AUUCKU e3UK ce U3-
nucBam nog Gbazapckua mekcm. Mpu cmamuu
om yyxgu aBmopu 6ba2apckuam mekcm caegBa
aHa2AulCKUA.

B) agpec 3a kopecnoHgeHuuAa - Cbgbpika
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cmpaHuua 8 obem go 250 gymu. To mpabBa ga
6bge cmpykmypupaHo kakmo caegBa: uea, ma-
mepuaAu U Memogu, pe3yamamu U 3aKAloUeHuA.
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OcHo6eHn mekcm
OpuzuHaaHume cmamuu mpabBa ga ca
cmpykmypupaHu kakmo caegBa: BbBegeHue, ma-
mepuaa u memogu, pe3yamamu, ob6CbXKgaHe,
3akAloueHue u/uau u3zBogu. B mekcma ce gonyc-
Kam camo OPUUUAAHO Npuemu MeXXgyHapogHU
CbkpaweHus, ocmaHaaume mpa66a 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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Vka3aHus 3a aBmopume

Instructions to authors

noacHeHu 8 mekcma npu nbpBama um noaBa. 3a
MepHUME eguHUUU € 3agbAKUMmeAHa MeXXgyHa-
pogHama cucmema Sl Llumamume Bbmpe 6
mekcma ce ombeaazBam camo ¢ Homepama um 6
KHU20NUCa, 02pageHu C MaAKu ckobu.

TabAuuu u uArocmpauuu

Bcaka mabauya ce npegocmaBa Ha omgea-
Ha cmpaHuua cAeg KHuzonuca. 3azaaBuama Ha
mabauuume ce uznucBam Hag max. Viaocmpauu-
ume ce npegcmaBam Ha omgeaHu pataoBe. pa-
chuku u guazpamu ce npegocmaBam 666 popma-
mu .xls (MS Excel), .ppt (MS PowerPoint), .eps
(encapsulated postscript), koumo no3BoaaBam
pegakmupaHe. CHumku (cobcmBeHu), Kakmo u
penpogykuuume Ha noa3zBaHu om uy>xgu uzmou-
Huuyu om MumepHem ga 6bgam npegcmabanu c
gobpo kauecmBo 668 popmam JPEG u pe3oaio-
uua 300 dpi. Tekcmbm Kbm UAOCMpayuume ce
npegcmaBa 8 kpas Ha ocHoBHua mekcm, caeg
mabauuume. Homepauuama Ha mabauyume u
uAlocmpauuume e ¢ apabcku yugpu u ce nocou-
B6a B8 ocHoBHua mexkcm. [Mpu u3znoazBaHe Ha
uy>kg uatocmpamuBeH mamepuaa, nocAegHuam
mpa6Ba ga 6bge npugpyxeH cbc cbomBemHo
cbaaacue 3a Bb3npousBerkgaHe om Hocumean Ha
aBmopckume npaBa. ToBa ce ykazBa 6 mexkcma
KbM UAOCMpauuama.

KHuzonuc

KHuzonucbm ce npegcmaBa Ha omgeaHa
cmpanuua. bpoam Ha uumupaHume uzmouHuUUU
e NnpenopbyuMeAHO ga He HagxBbpaa 25 (3a 06-
3opHume cmamuu 40) kamo caegBa ga BkatouBa
aKmyaAHU U3MOYHUUU OM nocAegHume 5 20gu-
HU, KaKmo u nybAukauuu om 6bazapcku aBmopu,
pabomuaAu no cbomBemHua npobaem. Mogpex-
gaHemo Ha uzmouHuuume ga cmaBa no pega Ha
noaBa B8 mekcma. KHuzonucbm ce opopma cbe-
AacHo YHuduuupaHume u3uckBaHua 3a nybauka-
uuu B8 o6aacmma Ha BuoAo2UAMa U MeguuuHama
u e onpocmeHa Bepcua Ha cmua BarkyBop (http:
//www. ncbi. nlm.nih. gov/pmc/ articles/ PMC
3142758/). Bcuuku aBmopu ce ombeaazBam c
(pamMuAHO ume, nocaegBaHO om uHUUUAAUME.
Mpu noBeue om wecm aBmopu, caeg wecmusa ce
nocmaBa et al. CaregBa uaromo 3azaaBue Ha uu-
mupaHama cmamua (c 2aaBHa 6ykBa e camo Ha-
yaAHama gyma), HazBaHue Ha cnucaHuemo u3nu-
caHo cbkpameHo cnopeg Index Medicus, 2oguHa,
mom, 6pod Ha KHuxkkama B8 maaku ckobu (Heza-
gbAXKUMEAEH NPU U3gaHUA C HENpPeKbCHamo

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.ncbhi. 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? J Clin Endocrinol Metab 1994;
78 (5): 1070-1074.

If the original cited paper is in Bulgarian:

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al. A
consensus of the Bulgaran Institute Metabolic Syn-
drome on the metabolic syndrome. Nauka
Endocrinologia. 2010; 2: 53-70 (in Bulgarian)
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HOomepupaHe Ha cmpaHuuume 6 moma), nbaHU
HauyaAHa u kpalUHa cmpaHuua. FaaBu (pa3geau)
om KHu2u ce u3znucBam no aHaAo2UYeH HauuH,
Kamo caeg aBmopa u 3azaaBuemo Ha 2aaBama
(pazgena) ce ombeaazBam umeHama Ha pegakmo-
pume, NnbAHOMO 3a2Aabue Ha KHU2ama, u3gamea-
cmBomo, 2pagbm u 20guHama Ha u3gaBaHe, Ha-
JyaAHama u kpadHama cmpaHuua. Mi3mouHuyume
Ha Kupuauua caegBa ga 6bgam npegcmabBeHu u ¢
opuz2uHaaHua um npeBog Ha aH2AulCKU UAU
mpaHcAumepayua (ako U3MOYHUKBM HAMA Opu-
2uHaneH npeBog Ha 3az2aaBuemo u pe3tome Ha aH-
2aulicku) u cbe 3abenexka B8 ckobu (in Bulgarian).
KHu2zonucbm Ha op2uHaAHUMeE cmamuu ce omne-
yamBa caeg aHzAulcCKUA meKcm.

Mpumepu:

Cmamua om cnucaHue:

1. Mclachlan 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, lToueBa H, NemkoBa M, 3axapu-
eBa C, OpbeuoBa M u cvaBm. KoHceHcyc Ha
bbA2apckua uHCMumym ,MemaboAaumeH cuh-
gpom” 3a noBegeHue npu memaboAumeH CUHg-
pom. Hayka EHgokpuHoroeus 2010; 2: 53-70).

INaBa (pazgea) om knuza:

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 Hanucawu Ha
npaBureH 6wvAzapcku, pecnekmuBHO aH2AUlCKU
e3uk npu cnazBare Ha cvBpemenHume npaBuaa 3a
npa6onuc u nyukmyayua. lNpenopvyumerro e ab-
mopume ga KOHCYAMupam aHzAuliCKua mekcm c
guronroe uau aHerozoBopawy. Pegakyuama moxe
ga Hacoyu kvm kBarugpuyupaHu npeBogayu 3a
npefog uau pegakmupaHe Ha mamepuaiume Ha
aHZAUlCKU e3uKk cpewyy 3anAauwjaHe. Mamepuaau,
koumo He omzoBapam Ha ujuck6aHuama Ha cnu-
caHuemo, ce Bpwvwam Ha aBmopume 3a Kopekyuu
npegu ga 6bgam npegageHu 3a peyeHzupaHe.

(XpucmoB Ba, FoueBa H, NMemkoBa M, 3axapueBa
C, OpbeuoBa M u cvaBm. KoHceHcyc Ha bbazap-
cKkua uHcmumym ,MemaboAaumeH cuHgpom” 3a
noBegeHue npu memaboAaumeH cuHgpom. Hayka
EHgokpuHoroeua 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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