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48(29.81)
57(35.40)

68(42.24)

52(32 .30)

56(34.78)
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0.0683

0.8827
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Zn (ug/dl)
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(mg/dl)

TSH (mIU/L)

FT4 (ng/dl)
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ALT/AST

TOTAL - CHOL (mg/dl)
LDL - CHOL (mg/dl)
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TRIGL (mg/dl)
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Mean+SD

88.43+14.57

99.36+15.68
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1.05+0.24

24.54+11.58

20.46+7.89

1.22+0.35
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103.23+26.49

51.37+11.06
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74.49+14.40
101.70+19.68
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38.12+28.34
27.23+16.84
1.44+0.55
205.91+45.28
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47.86+13.90
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-5.78
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-7.46
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<0.0001
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153MbGHOMEM ¥ aRTo 1533193 XJIBMD FgIMJdOom, Lot~
09960 MomgmB0m0 3MOYo3E0s Fodmgzwobs IR-bs s HDL ombg-
9oL dmMob Lobberol IMsEdo. s1939 Bs33w 93 XdRT0, LogmbEmm-
M X3MRN6 9969000 250m3w0bos Zn-bs s FT4-ob combgg-
b0l 5d390m9ds M9739MH9bLMEo FsB39690gdOL J39ws B3MWY.

3OOLYIOO X 0M33col IMEMdS 0bLEobMHYHBoLEBHIbEHMBOL
dobgz0m dImEgdMwos 39-3 0saM3>BY.
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15,25 20,45
IEMEMdS

OMaMOE ©05M5306 BBL, BsMOLYdOHO Y06 330l M-
©WMdS IMI0YOME05 0BLYIEobol EMbyBg Lobberol IMsEHdo.

UBAHOGOLEHOZMOTS 9650 BTs HSILBEGHES, MMT FoHOLYIMO
X0633w0ol dm3Mmdol BOES B533w93 XG0 LoOINbmS.

IR-0b oM™ g3m0oLgdMO X 06330l Lyd oM dm3IEMdS LoGf)-
3d96m@ 99300 BogMbEHMMEM X a3s6 dgsMgdom (t =7.9, p < 0.001).

3MO9530MTd 565¢00Bds 56396, MHMA Lo3zwrg3 X 3MBdo, bo-
3Mm6@OMm® XyMBmob 9969000 IR-0b Lo@dmbm ©s©gdom
3MOGS300L 53500036908 RoMOLYDIMHO X 0M3Z30l dMEMEMdOL do-
&90s —r =0.312", p < 0.0001
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9369800 565¢0BOL b5FSEGOOM HYR0BY, HMI Boro-
1gdM0 X0M33coL JM3IEMdILS S 0BLYIEObol MBIl GOl 56 -
19dMBL O B30 M0 gds, p < 0.001 (OSAGMSTs 4).

©053®335 4. HgaMglool LEHIBEIOEHOBYIMmo IHEO. EsFM30©Y-
3o B3dGMMo: BoMHolgdMo x0M3zmol Imgmemds

(8. . 0m3mEmdol bm®3o:
Joawgddo 8-18, 3539000 8-25)

Expected Cum Prob

Observed Cum Prob

RMHOLYIOO X063300l IMEMMBLS s 0BLEP0bol mbgbg Lol-
berol IOs@do 409m3wobos Lo®fdmbm oIdOMO 3MMHgEsE0s. 30-
B50sb B39635 33¢09350 5B3965, BMI BsGOLYGdMHO K 0M3IZ3wol dm3v)-
@Mdd LIOHIMBMEO IO 3MMIYOMYOL IR-056, 53 Bod@GHds
3990300 0bBHIMLO 51939 99a39LHogWs, 9950036908 YY) 5GS go-
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(oLYdMHO X0633WoL IMEMEIMOS IIO0? JMOIWSF0YE 353006
39G90Mm)MH0 LOBEOMIOL LY 3539FYBHMJOMD OMYMOOES: O-
03009305, 030000l IMM3IMWO GHEMBLEA0BsBYdOL Mbg Lob-
beol I6s@do, dowowwo BMI. sdo@md 33¢g30L 9990099 9¢o3%g B396
3530961900 53945300 BsMOLYOMHO K06 330l JmEEMmdol Jobg-

300m. 153393 X3IBRI0 FgomEblb 300930, HMIIdMsE Jnbosm
5M5@™Jbo3MM0 COoRMHBMNMHO Bog30, bmwm LozmbEmmem xamxz0
903530 3530963901 BoMOLYOMHO X033l b )Ho ImEvy-
WMOOm.

3bOowo 4. WHBdMGOIGMMO0NEo Fsbslosmgdgdol dgxsligds gsto-
bgdGo x 06330l Ingmemdol Jobgpzom.

bogmb@BoOmeemn  Lsggwgzo
X3DBO X3BO
N =161 N =252 t P
Mean+SD Mean+SD
Zn (pg/dl) 88.43+14.57 = 74.49+1440 953  <0.0001
dLPnbe Fhine 99.36+15.68  101.70+19.68  -134  0.1810
(mg/dl)
TSH (mIU/L) 2.78+2.89 2.85+2.80 026  0.7962
FT4 (ng/dl) 1.05+0.24 1.00+0.17 254 0.0114
ALT (u/L) 2454+11.58  38.12+28.34  -5.78  <0.0001
AST (w/L) 20.46+7.89  27.23+16.84  -4.77  <0.0001
ALT/AST 1.22+0.35 1.44+0.55 438 <0.0001
CHOL (mg/dl) 173.46+41.65 2059144528  -7.46  <0.0001
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LDL- CHOL (mg/dl) 103.23+26.49 = 121.82+3450 -5.83 < 0.0001
HDL -CHOL (mg/dl) 51.37+11.06 47.86+13.90 2.84 0.0047

TRIGL (mg/dl) 115.36+45.94 = 163.38+82.40  -6.75 < 0.0001
Thyroid volume(cm3) 15.25+6.55 20.52+6.39 -8.06 <0.0001

Zn — o0mos, TSH — 006mmodsb¢odwmwomgdgwo 3m6mdmbo, FT4 -
530bGBsco  MoOmMJuobo, ALT — 5eobob 5306m@®msblggmsbs, AST
- 3b3sMEF0bMEHOBLGYMsDs, CHOL — Loghomm Jmargb@gcobo, LDL-
CHOL - @sdseo 150833600308 03m3mm@gobgdo, HDL-CHOL — 9s0sgo
10093360306 WO03M3HMEHJI0bgd0, TRIGL — BHGM0oywo39MH0©gdo.

1533093 X3RO, LOIMBEGHOMMM KAMRMI6 FgsMgd0m, o~
dm3wobs MBIm 0bbyeobol mbol Lo®fdmbem dmds@gds Lob-

berols I0o@do. 1939, Lozzwgz xaRdo s0obodbs TST-ob mbols
LsOHIMBM FmBo@gds Lolberols IMsGHIo bm@dol Mgz396MH9blmeo
95639690 gd0l bgs B3MsdY. oM@ 5d0ls Lozzwgy X yMRdo,
L53MBAHOMEM XMBMD T9gsMGd0m, dodmzmobos ALT-b combols
LoOHINbM s AST-0b MBOL SMSBIOHIMbME TMToBgds Lolberols
9605330, ®MI3d 35000 M9bsRsMIMds (ALT/AST) Lozzewrgs x 3300,
153MBAHOMEM XyMNBMD FgIMJd0m, LEMFIMbM® Fomowo oym.
3069330 9M»0MHYM0EIo Boyz0m, LogmbEGHMM®WM xamnmsb 9g-
©M9d0m, godmzgwobes TOTAL-CHOL-obs s LDL-CHOL-ob com-
Bol LoOFIMBM FMIsEgds Lobbeols IGsEdo be®mdol MHgnqgM9gblwyeo
05639698 9d0b Vs Brg®s3@. 51939, L5333 XyIBT0, L33MbH-
OO X QMBRND, 99sM9gd0m 500b0dbs TRIGL-0l ombol Lo®(jdvy-
B dmBs3gds s HDL-ob ombols Lo®dmbm sdzgomgds bLobbarols
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96053 do. oM 5dobs 1533193 X3MBI0, LogmbEBHMM®WM X yMBM6
3905609300, ©s©A0bs Zn-ol Embol Lo®dmbm sdzgomgds.
3139, B33 93 X3Rd0, LE3MBEBHOMEM K AMBM6 Fgsmgdom, FT4-
ol 3583969990 Lolberols IMs@EHTo Ladfdmbme 93060900 0gm
6953960 96LmE0 3539690 gd0l J39s BO3M©Y.

1533093 XdIBRI0 LO3MBBHOMEM XYMBML FgsMgd0m Lot-
099bm© Fs0owo 0gm @obwodogdool sdmazwgbol Lobdotyg, 9g-
Lo0sdobo 122(53.04%) s 59(32.24), < 0.0001, 5 Lo ™b Jows-
WO 04m MO0l EIBOEOGHOL 45dm3wgbol LobdoMy, 127(55.22) o
76(41.53), p = 0.0056.

IR-0b Ls®{aMbm ©OEIOOMO 3MMHIWH30930 domdodome Jobs-
1050 GOEGOMb 6563969005 9-5 OSYMT>DY.

0530595 5. IR-0b LsOFMbm s©IdOMO 3MMYIWs309d0 domJodor

AsbsLoSMN YOO 56
TOTAL-
CHOL
ALT/AST TRIGL
AST LDL-CHOL
0bbyyob-

®9BobGHI6GMdS
3oMHoLYdIMO
ALT X0M330l
I0EIMdS

33D BMI

1BIM©
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IR Lo®FIMbMm IYIOM FMOYWSE0sL 505053693l Fgdgy Tobs-
L05MYOGOM6: POFMYDBMMHO gMPoMgmoco Boyzo, BMI, aeowm-
305 Mbdme, TOTAL-CHOL, LDL-CHOL, TRIGL, ALT, AST, ALT/
AST.

3OOLYIOO X0M33ol IMEEMmdol LsOHIMbm sgdomo
39530900 d0MmJodo)H  doboliosmgdgdmsb bshgz9gbgdos 99-6
QQO053M535DY.

©053M535 6. BoM0oLgdMO X 0M3z ol ImEmemdol Lo®fdmbm ©swg-
30m0 3MMYMH309d0 domJodor® Fsbslosmgdmgdmsb

TRIGL

TOTAL-CHOL ALT/AST
B5MHoLYdIOO
X0M33@ob
30396~ dmgn@mds i
0bbyaobgdos
ALT BMI

39OHOBYIOO X 063300l JM3EMdL Lo®dbem oIdomO 3M-
95305 Po3Mmog3w0bs 9999y Jobsliosmgdwgdmsb: BMI, 30396 0b-
Lbyewobgdos, TOTAL-CHOL, LDL, TRIGL, ALT, ALT/AST.
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3006030/ 53MM5@GHMMH00 Jobobosmgdeqgdol dmbo3gdgdols
3MOIE5305 BoMOLYIOO X 063300l IMEFEMBISLS s 0blvyobols
@Mbglmsb obowgom d9-7 sbMHowdo.

gbMowo 7. 3006030/ sdmM 3G MO0 o Jobslosmgdwgdol Imbsgg-
3900l 3mOHgms305 BoMHoLYdMO X 0633 ol IMFMEMdsLS S 0b-

beyerobol mbalomsb
99006H)M0RYWO
30396 06byyobgdos Boggo
R3oMHOLYOMO r 0.317*
X0MIZwob
239BOowo
Bergmds P <0.001
r 0.557* 0.328*
BMI
P <0.001 <0.001
r -0.336™ -0.058
Zn
p <0.001 0.237
r 0.143* 0.080
MBI 30D
p 0.004 0.103
r 0.001 -0.015
TSH
p 0.982 0.759
r -0.108" -0.118*
FT4
p 0.028 0.016
r 0.342* 0.265™
ALT
P < 0.001 <0.001
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r 0.318* 0.200*

AST

P <0.001 < 0.001

r 0.270* 0.187*
CHOL

P <0.001 <0.001

r 0.177* 0.153*
LDL

P <0.001 0.002

r -0.175* -0.138*
HDL

P <0.001 0.005

r 0.239* 0.260*
TRIGL

P <0.001 <0.001

r 0.175* 0.248*
ALT/AST

P <0.001 <0.001

*-p<0.05"™-p<0.01

39OOLYIOO X033l FM3EMBLMSD, 1533193 XdRJo,
L53MBGHOMEM X AMRMb FgsMgd0m Lo®fdmbm oo 3MMg-
WH300L 5950003690l g0 dsB39690gd0: 0blyerobo MBI,
BMI, TOTAL-CHOL, LDL, TRIGL, ALT, AST, ALT/AST, bogem ©s6-
ymgoomb — HDL s Zn.

IR-056 Bs33093 X amndo, Lo3MmbGHOMEM X3MBM6 Tgscg-
d0m, Lo®(HIMbM YO0 MM S0l 535003690l 9dgao JsB3g-
690wgdo: BMI, TOTAL-CHOL, LDL-CHOL, TRIGL, ALT, AST, ALT/
AST, bowm »séymgomnl — HDL.
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©obzmbos

bma0 33e930L dobgazz00m IR-0l dJmbg 30690l 509bodbgdsm
3930 3396dm3560 (o®IMbsdb0 BoMOLYGdOH X 063350 s FoMOLYD-
60 X063300l INEMMdS JOMOMOPIE SBMEFOMEIdS BLbgweols do-
Lol 06gJLmsb. B3g60 330930l MobsbTo, BosMOLYGdMHO X 0M 33Ol
AEMEMdsls s 3039006Lw0bgdosls mMol godm3zwobs Lo®-
£99960 590000 3MOHYWO3E0s. MYMgloEds S6oE0BTs 3o 5B39bs,
6™ 53 LOOEYYIL FMMHOL sIMI0YOEds [iBzg0gz05(p < 0.001),
beem 15330093 X3IB30,L53MbEOMEM X MBRMIE FgEsMIdOm, 56
39053065 Bo®HINbM YIOOMO FMMHWS305 0BLYIEObOL Mbol
dmd5BHgosLy O BoMOLYdOHO Y0330l 33560356 FoeTmMbogbgdl
dmMob. 2903390 33¢93900L Msbbdo, 0blbvyemobo gsMolgd®mo
X0633000L INEMmdol BOOL 3smmqbgHdo ghm-gMHmo 36od-
369 ™3560 BodBHME05, 30650056 ol TSH-0b dbgsgLo sbEodmero-
9ol M0MYME0GJOOL 3OMWORIMS30L. Bobg9bgd0s, MM 3s309-
B®90L, MdMAgdLYE 9930 IR s 0BLYYIEObol Fsmawo mbg dGMs@do,
390dw9ds 3dmbgom GFoMoLgdMo xoM3zeol Imds@gdwwo ImEvy-
MdS S BoMOLYIMO ¥ 06330l 33563980l MROM Jooo 453639~
905 X96IOMYW 3060936 JgoMgdom. Bzgbo 33eg30L dmbsi3g-
9900m, 1533093 XdRT0, LOIMBEGHOMWM XMRMIE JgsGmgdom,
LsOHIMbME 5M0L FMISEH 00 OBNDBMOO sMOGHMJL0W3MGO Bo-
430l 20dmgzagbols bLobdoMy, bmwm IR-bs s FoMoLYdIG X oM33zol
3396dm306 (o@dmbsddbgdly Imemol, LOHIMbM EoIdOMO JMMgEsEO-

MO0 3538060 56O IILGHMOES. S1939, B3gbo 33930l MBIbTS,
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303960bbe0bgdols s BoMOLYIMO K0M33w0l LEOWJGHMOYE
3300 g090L(RsbsM™MY00) FmMob, LogmbEMmmmwm xaMRmsb dgo-

69000, 359Mm3w0bs LsO(IMbM EOIdOMO 3MOGESE0S. IO
590bs, B3960 999900l Msbsbds oRMHBMOmO Boyzo LozmbEEmm-
M X210, L5333 XFNBD F9s0Mgd0m, Lo®(IMbm oIdOM
3MOGS300L 53903690l d9gEHOdMEmMo Lob®mMmdol oligom dsbslio-
590 GIMID MMAMM035s LoDy O WO30WOO (33Ol M-
©3939. 9OBYOMBL IMLOHBMYdS, MM Mo Mo Lbgremol mbs fo-
9oy gbL RoMOLYdHO X0M33¢0L IMEEMdol 2s6aLsbEgMg
R9dBHMOL. DMQ0gMmo 3300930L MobsbIs 49dMm3zw0bos sEIdO-
00 3MOHI5(305 BoOOLYOIOO K 0M3IZ0ol Fm3IEMdIBs s Lbgeol
P mbol dmeob. B3gbo dmboigdgdom L3393 XARA0, Lo3MbEHMME™
X3NBM6 90569300 ©IILEHIMOS BoMOLYIOO X0M3IZOL gob-
00 Im3EMEmdol Bo®(HIMbm OO0 JMEMGEs305 BMI-m0sb.

IR-5b d9w9do0s d9335wmb bobEgdmOo Wwo030EWIOHO 9B odM-
w0bdo, M3 0f3936 OLE030EHdooLs S WO30IOHO BHEMOSOL
39630056 905L: 3EsBIMMO  EGHEMOYO(39MH0IOOL Mbol IMIsd)g-
05, 85050 1093300308 W03M3MHMEJobol EMbol WsJ3g0MYds s
93069 BmIoL sdso 10933600308 W03M3MHMEHJ0bgdoL gsdmBgbs
Lobbendo. IR Mo@ygmazom gogwgbsl sbgbl o30gdols s wo-
3360 Ggobgdol 33wsHg s 3F0OMO SMEF0MYdS OLEPO30-
©9005bm5b. IR @5 ©@OoLbE030EYdosl MO M0 YMH 3538060
1539 ME MOHIBO0305 S JobYHTYIMOM030 0TSO Eg-

05 X9 3093 33930l Logsbos. Bggbo 33eg30L dobgzom godm-
306, MHMI HMYMO3 3039MH0bLobgdos sbiggg BoMolgdMo xo-
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3300l IMEMEmdsdo dmo@qds BLoMIMbM Y0’ JMMGESEOL
©oLE030©gd0sbmsb. ALT ©@mby ©sdm30090¢s@ sLmE0Mmgds
©30dobdoge IR-msb, d9@sdmwmemo LobM®IMNB, IMM39g
303930586 MHINDY, IMM3IMNE W IMDBMEHMEYHIBEHMDS-
L9b @S 0.00.¢).-2 M9b. 50b0dbMwo Zsmmermyool IJmbg 3oMgddo
ALT -b 86038369mds 990dqds 0gml 505300530600 350539EMO0
©30dobdog®mo IR-ob dgLogolgdes®. Bmyo 33930l Mobobdo,
30 ALT/AST 05655350:00mds 990dagds gobgobowmo Gmym®s IR-ol
39bLsBE3EMOL 9Ho-gMmo Lsr3gmglm dotm3zgMo. B3gbo 33eg30L do-
b930m, 3530953H90L, GMIgE M3 5096086500 3039M0BL0bgdoy,
L53MBAHOMEM X3MBMD T9JsMJOOm, 2odMmM3e0bEsm ©30dwol
G®bLsdobsbgdol mbol Lo®dbo FmBo@gds bmMTol MYrgMg-
Bmwo 85639690 gd0l Bgs BzMsdg, ALT/AST mobosgstromds
LoOHIMBM© Fowswos F5Md0 IR-0b xamx3do, LogmbEGHMmwm xama3-
56 89005M9300. 33093980l M5bsHTS MOSWMHO Qe 3MDMEH M-
W9M36EGHM™d0L BHJuEHOL BoEMGOOL OML FoMBFMb0SE 3069dd0 swo-
60365 e 3mBobs s 0blwywobol mboly d6033b6gwmgzsbo BeMs
L53MBBHOMEM X aMRMb FgoMgdom. B3zgbo 33930l dobgzom,
Fo0d(ibosb 30605380 MbIm 3039M3w039905Ls s 3039MH0bLYYIO-
69305l ImM0L 500603bs LoOFIMBM IIOOMO 3NS50, BGOZo-
s 3319350 583965 MOM0gOHMIs3d0M0 Lodbydbgls s Zn-ob 3m-
39mbGsBL JmMob. 39Hdm, s50dmBbs, O™ Lobbedo Zn—ol mby
960083690 ™3bs0 33060905 FoM0fMmbosd 353096()9dd0. 3963399
B5dM™Ams J99900L dobgz0m, dMm30M32IwoMg Zn-a2-3e03Mm3-

OMGJ60 MROM EdIWO 0gMm Fe3MBMEMEIMHIBEHMIOL sM®3g-
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30L 9Jmbg o SBWOSE OsABMBOMGdMWo T.0.¢ 2 35309639030,
Bo3MbBHOMEM ¥ ARMIb F9s6Mgd0m. LoYMMOIOIOMs d530390DY
Bo@®9demo 330093990l 8900939003, MmIms dobggzom mmo-
ol odswo 899339wmds BeMEol IR-ob MoL3L, Mmool Jowgds
30 59306M90L 0blwyeobols s e 3MmBOl Mbgl Lolberdo. bmyo
339300  39GHodm@oHIol  sMM3930L IJmbg 3m030DEGHMB06
Jogddo 5006086y Mmool sdswo dsB396909mo b3MbEHMME™
X3IBMB 99s6M900m. LoILYIB0 5350 306M9dT0 K 6IG-
09w 30090m5b 969000 500bodbs mmool, 360dzbgaemgsbo
5050 3mb396¢ G305 Lolbarol IMs@do. Bgzgbo 33w 930l doby-
300, 353096(3)9dL, MMIJms3 909608bgdMm©om  3039MH0blyeo-
69905, 2950MmY300bIm MMMl E™boL LoMfdmbm ©sd3zgomgds
695390960 95B39690¢qgd0L 39 B3MLAY LogMbEGHMMEM
X386 969000, 35O3ZPNL 33wY39B0L F9YEIBOM, Bd3bO-
936900 dgmbg 30690l 5096036950 FT4 ol sdsero dsb39b9dgwo

L53MBAHOMEM XaMBMsb Fgsmgdom. B3gbo 33wg30L dobgwzom,
353096390, HMIJMs3 909b0dbsm 3039Mm0bLYMW0bgdos, godmvma-
w0bsm FT4-0b combol ©sd390m9gds M9139609bLbwemo dsb3969d9e0g-
0oL 93905 D369, LogMBEBHMMWM X AMRMb TgsMgd0m.

IR 053538069005 3b0dm3s56 Jumzowol Fo6MHd ©oyM™M39ds-
L6 5530560l MMYEDBIT0. 3960 33ag30L F99a9gd0l dobgzom
1533093 IR-0b X31x8do 500bodbs Ls®FIMbm sIdoMO JMmMgms-
305 06LE0Bol MBYLS S LOAL¥JbaL FrGOL. sSGBYdMBL ImMLsbMY-
05 ™3, Lodbdbol OML 3039M0bLMwobgdos 0ff393L Foddowlss
@5 3500l dmBs3gdsl. B39bo 33930l Jobgz0m, 35:30963)9dL, Bren-
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9mo3 909b0dbsm 0blyaobols LoFs®dg, LozmbEHOMEMbmLb 9g-
569000 Lo®dMbm Jorswo Lobdomoom s0g60369dm©sc dool
399096 9d5. 0l5g00 39EHOdMW YOO IMMZY3900, HMAMMO(3SS 3039~
(96OM™969905 s IR 8F0GOM 3538060305 5369L0b.

B3960 330930L 9ga900m, 3530963HJoL, MHMAEgdOL Tgo9b-

696 1533093 XAMBL, LogMbEGOMEM XyMBRMIb F9gsMgdOm LoM-
00Mbmo dowswo LobdoMom 56 50960dbsm 5369 A9TMZ0bgds.

Dma0gHmo 65dMMIGO0L Msbobdo sGBYGOMBL 930gToMmEMYOMEmO
933033999 gds d9ES0M® LobE®MALs s 396l 9350 7dIOL
G0l o905 MHMYMMO(355: 5369 37RO, sbEOMY b0
5EM39 (309, 53956GHMB0 BogM0396L0 S sGHM30MMO IMToG0G0. Bggbo
33930L dobg30m, 3530963gOL, MIMIgEms3 s©0gbodbsc 0blwwo-
Bols LoFo6dg, Lo3MBEBHMMEMLMSL Fgsgdom LsMHIMbM® Towswo
LobdoMmo® 509603b50MmEom 395601 LOAIMSEY, brerm 5B~
B 35050 0ym F5M3MT0sbMdOL, godmboys@ols s ol (33960
3°9m3wgbols LobdoMy. 30OLEHOBIo gl s BsdgoEobm @GHgMdobo,
OIgeoi 2odmbo@ogl FoMmdmMA0sbMdL Joergddo, Lbgryarol sbdm-
3960059™ 3000939 bs{oeqddo. dolo 49630050900l Jobgbo, 15339~
MEH9900L OoLRWO6J300L 96 MOMITYBYS W5350JIOJOOL MDY,
d9bsdEms 5139 0gmb dgGSdME0BAOL IMP3g3s s IR. Bzgbo 33wg-
300 390093900m, 353096390L, MHMIgwms3 50gb0dbsc 0blveobmy-
DobBHIBbGHMBS, LOZMBEHOMEM KX yMBM6 TgsMgd0m Lo®fjdmbrmg o-
©o0 LOLIOMOM 56 25TMM3e0bI” FoMBdMNT0bMBS.

0blaobol M9393GHMMJO0 BsOMME 5GOL 93039 OO
dog 930l GH306d0. M306MsEHIBs© 4bmbigol dmendzdo, 3odmms-
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53MLdo, 3030353300, o308 GH30b60l JgMddo. mogol GH306do ob-
bEobols ©9393GHMMJOOL oMM gobsfowgds Fommomgdl 08 Bod-
A&b9, ™A 0blmeEobols Logabserobsgos dslido db0dzbgwmgsb MMl
SO 9dL.

B3960 330930L 9bsb3o, 353096390, HMIgW M3 50gbodbsm
30396006l obgdos, LozmbGHMHMWMlmb dgsmgdom baefdmbmeo
om0 LobJomom 6 sdm3wwobsm obgmo bgztmewmyor©o
103G MT5E03d, MMPMOOEGS 396905-356(yMmdogdol odzgomgds,
05300 330300, M5306Mmibgg3s.

©os133699%0:

e 3039M0bbve0bydos gmmoMgmomEo BogzoLs s BoMOLYd-

M0 X0033wob 3939OHmygbmwo LEOWIGHMOOL gOMN-9OH™MO
439w sbHg 393039930 Lsgz5MeEM doBYbos.

e 3MHOLYOMHO K0M33w0l IMEMMds 5339690l Lo®fdMbem o-
©9000 3MOIWS300L  FYBSOMWIHO LobE®mMAolL dsbslios-
09093 b.

e gMHOLYOMHO X0M3IZOL FMEWMOOL  FoBM©s Tgbodwrms
0yml d9¢50m@MHo Lob®MAoL 3MgodEMmMo.

e 30396MH0bbv)e0bgdosls O BoMmOLYIMO K 0M3Ze0l 3356dM356
§o63mbsgabgdl dmeol LoeHIMBbM IIOOMO 3MMYESE0Y)-
0 3938060, LogdoMmMZgEMb 303530530, 56 4583 0bs.
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44

®93m39bs309%0:

LodLJbom 5350V 30609, MMIJ D3 509608bgdsm
303960blvarobgdos Mbs dmbgl BsMoligdMo x0M 330l

93Mmd0LS s BEGMWIGHMOOL FgxoLgds MW E™I0RIM00
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Abstract

Patients with insulin resistance (IR) have an enlarged thyroid

gland.

The aim of our study is to study the correlation between IR and

thyroid volume in the population of Georgia.

Methods

We retrospectively studied 413 patients (age range — 20-75 years;
average age —37.3+ 11.4 years; 120 men, 293 women), who were referred
to the National Institute of Endocrinology of Georgia from 2017 to 2019

and were laboratory diagnosed as having fasting hyperinsulinemia.

Factors studied are: age, sex, body mass index (BMI), clinical
signs, thyroid ultrasound, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lipids, fasting insulin, fasting glucose, thy-

roid-stimulating hormone (TSH), free thyroxine ( FT4), zinc (Zn).

Results: IR was detected in 252 individuals. The IR rate was signifi-

cantly higher in women than in men —79.5% and 65.49%, respectively.

(p = 0.0021).

The average volume of the thyroid gland in patients with IR is
significantly higher compared to the control group, 15.25 and 20.45 (p
< 0.001).

Thyroid volume has a positive correlation with IR r = 0.317, p <

0.0001.
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Hyperinsulinemia had a significantly high positive correlation
with BMI — r = 0.557, p < 0.001; with fasting glucose — r = 0.143, p =
0.004; with ALT —r = 0.342, p < 0.001; with AST —r =0.318, p < 0.001;
with CHOL —r = 0.270, p < 0.001; with LDL —r =0.177, p < 0.001; with
TRIGL —r =0.239, p < 0.001; ALT/AST —r = 0.175, p < 0.001. And there
is a reliable negative correlation: with Zn —r = -0.336, p < 0.001; with
FT4 -r=-0.108, p = 0.028; with HDL —r = -0.175, p < 0.001.

Thyroid volume had significant correlation with: BMI- r
= 0.328", p < 0.001; ALT-r = 0.265**,p < 0.001; AST-r = 0.200*, p <
0.001; TOTAL-CHOL -r = 0.187**, p < 0.001; LDL-CHOL -r = 0.153", p =
0.002; TRIGL -r = 0.260**, p < 0.001; ALT/AST- r = 0.248**,p < 0.001; and
significantly inversely correlated with: FT4 -r =-0.118%, p =0.016; HDL-
CHOL-r = 0.138", p = 0.005.

Resume:

e Hyperinsulinemia is one of the most common causes of diffuse

goiter and heterogeneous structure of the thyroid gland.

e Thyroid volume shows a reliable positive correlation with fea-

tures of the metabolic syndrome.

e An enlarged thyroid gland is a predictor of metabolic syndrome.
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List of abbreviations:

Insulinresistance — IR

Diabettes Mellitus 2 — D.M.2

Body Mass Index — BMI

Alanine aminotransferase — ALT
Aspartate aminotransferase — AST
ALT/AST ratio — ALT/AST

Whole cholesterol - CHOL
triglycerides — TRGL

low density lipoprotein — LDL-CHOL
High density lipoprotein — HDL-CHOL
Thyroid-stimulating hormone — TSH
Free Thyroxine — FT4

Zinc —7Zn



Main Part

Preface

Relevance of Research Products

Over the past 30 years, there has been a significant increase in the
prevalence of insulin resistance. Insulin resistance and compensatory
hyperinsulinemia are found in 65-70% of women with polycystic ovary
syndrome, 70-80% of women with overweight (BMI> 30), and 20-25%

of women with normal body mass (BMI < 25).

It should also be noted that thyroid diseases are characterized by a
high prevalence and represent a significant cost to the health care and
economic systems, as they require regular diagnostic tests, therapy, or
regular medical monitoring and intervention. Thyroid diseases mainly
affect women, than in men. In addition, most thyroid diseases increase
with age.

The most common disease of the thyroid gland is simple (diffuse)
physiological goiter. In epidemiologic studies, the use of ultrasonogra-
phy to estimate thyroid volume dramatically increased the rate of goiter
detection compared to studies where thyroid size was assessed by phys-
ical examination. The prevalence is highest in premenopausal women,

and the female-to-male ratio is at least 4:1.

In clinical practice, patients with thyroid dysfunction and meta-

bolic syndrome are common. It has been estimated that more than 20%
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of adults meet the criteria for metabolic syndrome in various population
studies. It should be noted that the interest in studying the possible as-
sociations between these two pathological conditions has increased dra-
matically. Attention has also been drawn to the fact that metabolic syn-
drome may not necessarily be the result of thyroid dysfunction, and that
thyroid dysfunction may arise from the effects of metabolic syndrome
on the gland. We were interested in studying whether there is a positive
correlation between hyperinsulinemia, the leading component of meta-

bolic syndrome, and thyroid volume in the population of Georgia.

Hypothesis

Compensatory hyperinsulinemia developed during insulin resist-

ance leads to an increase in the volume of the thyroid gland.

Aim of Study

Finding a positive correlation between insulin resistance and thy-

roid volume.
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Research tasks

Let’s study the volume of the thyroid gland in people with hyper-
insulinemia in the population of Georgia. We will also study wheth-
er the volume of the thyroid gland reveals a positive correlation with
such components of the metabolic syndrome as: dyslipidemia, disturbed

transaminase level in the blood serum, glucose (fasting) level, obesity.

Significance and/or novelty

of the presented research

The novelty of the research is the fact that this research is being
conducted for the first time in Georgia. Despite the many studies con-
ducted in the world, the study of the relationship between these two
pathological conditions does not lose its relevance and requires a deeper

study.

Establishing a positive correlation between these two pathologi-
cal conditions, in clinical practice, will allow the doctor to modify the
treatment in time and by improving the parameters of the metabolic
syndrome, drastically reduce the risk of developing thyroid gland dis-

eases, which is very important for the patient’s health.

Also, prevention of disease development and modification of early
treatment will reduce costs in health care. In addition, it is important

that the participants in the study were not treated with levothyroxine,
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metformin, estrogens, lithium salts and did not have iodine deficiency,

which greatly increases the reliability of the research results.
Provision(s) issued for protection:

1) Increased insulin levels are positively correlated with the devel-
opment of diffuse non-toxic gout;

2) Thyroid volume has a reliable positive correlation with compo-

nents of metabolic syndrome.

Review of scientific literature

Insulin resistance is defined as a subnormal biological response to
normal insulin concentrations. Insulin resistance is a decrease in the
biological response to one or more effects of insulin, with normal levels

of the said hormone in the blood.

This process is accompanied by a decrease in the ability of insu-
lin-dependent tissues (muscle and fat) to use glucose from the circulat-
ing blood and a violation of glycogen metabolism in the liver. Insulin
resistance is characterized by a compensatory increase in insulin secre-
tion and, in order to maintain normal glucose levels, hyperinsulinemia.

Insulin sensitivity changes not only in pathological situations, but
also in normal physiological conditions. The concept of insulin resist-
ance was proposed as early as 1936 to describe diabetic patients who

required high doses of insulin.
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Reaven was the first to provide a physiological mechanism for the

clustering of obesity, dyslipidemia, arterial hypertension, and altered

glucose metabolism. He hypothesized that insulin resistance, manifest-

ed by hyperinsulinemia, is a leading risk factor for the development of

dyslipidemia, increased blood pressure, and impaired glucose metabo-

lism. There are different types of insulin resistance:

1.

Physiological, which in certain periods ensures a decrease in the
anti-catabolic action of insulin and an increase in the anabol-
ic action: puberty (insulin resistance develops as a result of in-
creased secretion of somatotropic hormone), pregnancy, high-fat
diet, night sleep, aging;

Metabolic: D.M 2, decompensation of type 1 diabetes, infection,
stress, starvation, hyperuricemia, ketoacidosis, obesity, excessive

alcohol consumption, insulin-induced hypoglycemia;

Endocrine insulin resistance: Cushing’s syndrome, acromegaly,
pheochromocytoma, glucagonoma, thyrotoxicosis, hypothyroid-
ism, hyperparathyroidism, polycystic ovary syndrome;

Insulin resistance of non-endocrine genesis: liver cirrhosis, ure-
mia, essential arterial hypertension, rheumatoid arthritis, heart
failure, trauma, burns, sepsis, surgical intervention, chronic kid-

ney failure.

To explain the genetic predisposition to IR, J. Neel in 1962 put for-

ward the theory of “economical genotype”. According to the mentioned

theory, the human body supplies fats and carbohydrates during the pe-
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riod of prosperity and sufficient nutrition, and during the period of food
shortage, it maintains normoglycemia at the expense of reducing the
utilization of glucose in muscle tissue, and also uses energy economical-

ly at the expense of increasing gluconeogenesis and lipogenesis.

This mechanism allows a person to survive a period of starvation
and maintain the body in a borderline state between health and disease
for a certain period of time. Since 1988, when Raven first described
metabolic syndrome as “Syndrome X”, the definition and diagnostic cri-
teria of said syndrome have been proposed many times and Modified by

various public health organizations.

This definition continues to evolve as our knowledge of the diag-

nostic criteria for metabolic syndrome expands.

In the process of evolution, when periods of food saturation alter-
nated with periods of starvation, insulin resistance represented an adap-
tation mechanism. In the process of phylogenesis, this special feature of
metabolism has led to a significant increase in the prevalence of insulin

resistance in society.

Many physiological conditions predispose to IR: puberty, pregnan-
cy, old age, nocturnal sleep, hypodynamia. In many cases, insulin resist-
ance is caused by pathological conditions: genetic defects, overweight,

arterial hypertension, dyslipidemia.

One of the important causative factors of insulin resistance is mu-
tation of insulin receptor substrate genes, glycogen synthetase, hor-

mone-sensitive lipase, 33-adrenoreceptors, as well as molecular defects
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of insulin signaling proteins: reduction of membrane concentration and

activity of intracellular glucose transporters in muscle tissue.

Epidemiological assessment of IR is usually measured by estimating
the prevalence of metabolic syndrome or IR. About 24% of people over
the age of 20 in the United States have insulin resistance. Overall preva-
lence rates of IR in population-based studies in children and adolescents

range from 3.1 to 44%.

Such a pronounced range is partly explained by the use of different
methods for determining IR and different threshold norms for IR indi-
cators. Worldwide, the prevalence of IR ranges from 15.5 to 46.5% in

adults. One of the high indicators is in Lebanon — 44.6%.

IR occurs in more than 25% of practically healthy individuals who
are not overweight. IR study of glucose tolerance disorder, Sh. D.T. 2,
in persons with dilpidemia, hyperuricemia, and hypertension, it was
shown that IR is found in 83% of patients with diabetes mellitus, in
65.9% in impaired tolerance, in 53.5% in hypercholesterolemia, in
84.2% in hypertriglyceridemia, high During the decrease in the level
of density lipoproteins — in 88.1% and during hypertension in 58% of

patients.

Thyroid hormones have a certain synergistic effect with respect to
insulin. Regulation of the expression of genes such as GLUT-4 or phos-
phoglycerate kinase involved in glucose transport and glycolysis is a
good proof of concept. Thyroid hormone such as triiodothyronine plays

an important role in the formation, maturation and function of pancre-
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atic cells, where it is required for the final physiological maturation of
pancreatic B-cells, namely to glucose-stimulated insulin-secreting cells.
But it should also be noted that the diseases of the thyroid gland itself

have a great impact on carbohydrate metabolism.

Glucose homeostasis is disturbed during thyroid gland dysfunction.
On the one hand, IR is associated with increased gluconeogenesis in the
liver, which is characterized by an excess release of thyroid hormones
into the blood, and this also explains why glycemic indicators worsen in

patients with SHT2 during thyrotoxicosis.

The most common disease of the thyroid gland is simple (diffuse)
physiological goiter. In epidemiologic studies, the use of ultrasonogra-
phy to estimate thyroid volume dramatically increased the rate of goitre
detection compared to studies where thyroid size was assessed by phys-

ical examination.

The prevalence is highest in premenopausal women, and the fe-
male-to-male ratio is at least 4:1. Thyroid nodules, whether single or
multiple, often occur in clinical practice. On the basis of physical ex-
amination, nodular growths of the thyroid gland are detected in about
5-7% of the adult population.

Because ultrasonography can detect small nodules, this fact in-
creased the frequency of thyroid nodules to 67% in subjects. According
to the results of certain studies, the presence of nodular formations in
the tissue of the thyroid gland was detected in 76% of healthy indi-
viduals using ultrasonographic research, and only a small part of these

nodules consisted of malignant or symptomatic.
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Knowledge of thyroid volume is needed to evaluate a number of
physiological and pathophysiological factors, such as iodine-deficient
goiter, thyroiditis, multinodular goiter, thyroid cancer. According to a
number of studies, lifestyle factors such as tobacco use and body weight
gain have shown a high correlation with serum levels of thyroid-stimu-

lating hormone and thyroid hormones.

Diabetes Mellitus type 2_ 59% of people with type 2 have mor-
pho-functional changes in the thyroid gland: nodular and cystic forma-
tions, increase in the volume of the thyroid gland. However, it should
be noted that the relationship between thyroid dysfunction and CKD2
is still under investigation. Obesity, metabolic syndrome, and insulin
resistance may be the most important factors which today lead to an
increase in nodular gout and thyroid cancer. Also noteworthy are the
results of those meta-analytical studies, according to which such com-
ponents of the metabolic syndrome as: insulin resistance, high body
mass index and arterial hypertension significantly increase the risk of

thyroid cancer.

Recently, there has been a sharp increase in interest in studying
the possible positive correlation between IR and thyroid diseases. At-
tention was drawn to that fact. According to some studies, changes in

the thyroid gland are considered as the cause of IR.

The results of such studies are interesting, according to which pa-
tients with pronounced IR are characterized by a high prevalence of

thyroid nodules, while patients with homozygous mutation of the in-
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sulin receptor substrate have a significant increase in the volume of the
thyroid gland, which may be a new phenotypic manifestation. Accord-
ing to various data, hypothyroidism is a risk factor for IR, hyperlipi-
demia and hypercoagulation. Decreased function of the thyroid gland
leads to a decrease in liver and muscle glycogenolysis, gluconeogenesis,
and basal insulin secretion. The authors discuss the idea that there is a

correlation between BMI and TSH.

It is hypothesized that this relationship is explained by the effect
of TSH on adipose tissue. Adipocytes and preadipocytes are known to
express TSH receptors. The differentiation of pre-adipocytes and adipo-
cytes occurs under the influence of TSH on these receptors leading to
an increase in adipose tissue. Some studies have shown that IR is a risk
factor for the development of thyroid nodules in patients with Diabetes

Mellitus type 2.

Changes in the thyroid gland are characterized by a high fre-
quency of nodular formations, diagnosed by ultrasound examination,
and an increased volume of the thyroid gland. Patients with metabolic
syndrome showed significantly higher serum TSH levels compared to

healthy individuals.

In people with metabolic syndrome, an increase in the volume of
the thyroid gland was also noted, as well as the presence of nodules in
the gland, compared to healthy individuals. Also, based on some works,
the high level of insulin circulating in the blood can be the cause of the

proliferation of the thyroid gland, which is clinically manifested by the
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increase in the volume of the thyroid gland and the appearance of nod-

ular formations in it.

This zobogenic effect of insulin is a risk factor for patients with IR.
Insulin is known to stimulate carcinogenesis. This fact partially explains

why diabetes is an independent risk factor for oncological processes.

Recent studies indicate that patients with IR are more prone to the
development of nodular goiter. According to the results of some stud-
ies, IR is a risk factor for the occurrence of nodular formations of the
thyroid gland. In patients with Diabetes Mellitus type 2. It is likely that
compensatory hyperinsulinemia during IR,With its mitogenic action,
it is responsible for the emergence of nodular tumors in the thyroid
gland. Some studies suggest a link between obesity, diabetes and thyroid

nodules.
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2.3. Research methodology

We retrospectively studied 413 patients (age range — 20-75 years;
average age — 37.3+11.4 years; 120 men, 293 women), who were referred
to the National Institute of Endocrinology of Georgia from 2017 to 2019

and were laboratory diagnosed with fasting hyperinsulinemia.

We considered fasting serum hyperinsulinemia as compensatory
hyperinsulinemia during IR. On the basis of which, people with hy-
perinsulinemia were included in the study group of IR, and the control

group consisted of 161 people with normoinsulinemia.
Inclusion criteria: hyperinsulinemia.

Exclusion criteria: pregnancy, lactation period, autoimmune dis-
eases of the thyroid gland, iodine deficiency, iron deficiency, confirmed
tumors of the thyroid gland, Diabetes mellitus type and 2, treatment
with levothyroxine, lithium salts, estrogens or metformin, chronic liver

and kidney failure.

The studied factors are: age, sex, BMI — body mass index (kg/m2),
ultrasound examination of the thyroid gland (normal range of thyroid
gland volume <18cm/m3 in women and < 25cm/m3 in men), clini-
cal signs: dry skin, hair loss, brittle nails, headache, dizziness, general

weakness, rash, excessive sweating, increased appetite.

Laboratory factors — (normal ranges according to local laboratory):
ALT - alanine aminotransferase (normal range < 42 U/L), AST — aspar-

tate aminotransferase (normal range < 40 U/L), ALT/AST, CHOL - total
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cholesterol (normal range < 200 mg/dl), TRGL - triglycerides (normal
range < 150 mg/dl), LDL-CHOL - low density lipoprotein (normal range
< 100 mg/dl), HDL-CHOL — high-density lipoprotein (normal range >50
mg/dL), fasting insulin (normal range 1.1-17 pU/ml), fasting glucose
(normal range < 110 mg/dL), TSH-thyroid-stimulating hormone (nor-
mal range 0.3-4.0 mIU/L), FT4-free thyroxine (normal range 0.82-1.63
ng/dl), Zn-zinc (normal range 80-120 mkg/dl).

Biochemical analyzes were performed on the following analyzers:
ALB 80 FLEX device — for biochemical studies and Tosoh ATA-900 — for
hormonal studies. Thyroid volume was determined with a Philips Af-

finiti 70G device.

The study was carried out in two directions, in the first stage we
studied the correlation between IR and thyroid gland volume, where
we divided patients according to IR, and in the next stage of the study,
we divided patients into study groups according to thyroid gland vol-
ume,which was made up of people with diffuse euthyroid gout and a
control group where patients with normal thyroid volume were includ-
ed in order to study whether there is a positive correlation between

thyroid volume and components of metabolic syndrome.
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2.4. Research results and their analysis

Statistical analysis: Quantitative values are presented as mean + SD
and qualitative values as absolute values and percentages. Differences be-
tween groups were determined for qualitative indicators — F by Fisher’s
exact test, for quantitative indicators — using the student’s t criterion; The
relationship between quantitative factors was determined by correlation
analysis — Pearson’s test; Results were considered reliable if p < 0.05. Re-
gression analysis was performed using linear regression. Mathematical

analysis was carried out using the SPSS-23 software package.

Of the 413 patients we studied, 252 patients with insulin resistance
were included in the control group, and 161 individuals with normoin-

sulinemia were in the control group.

The distribution of clinical signs during hyperinsulinemia is given

in diagram 1.
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Diagram 1. The distribution of clinical signs during hyperinsulinemia

m study group B control group

. . 71,43
excessive appetite

mood swings
excessive hair
rash

fatigue
dizziiness
headache
brittle nails
hair loss

dry skin

over sweating

As can be seen from the diagram, in the case of hyperinsulinemia,

there was an excess of detection of clinical signs of all studies.

The distribution of clinical signs according to hyperinsulinemia is

given in Table 1.
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Table 1. The distribution of clinical signs according to hyperinsulinemia

Clinical Signs
Obesity
sweating
Dry skin
Hair loss

»  Brittle nails

&

% | Headache

=

.2 -

'§ | vertigo

O .
fatigue
rash
hirsutism

Mood swings

Hunger gain

N (%)
N =161
81(50.31)
48(29.81)
57(35.40)
68(42.24)
52(32 .30)
56(34.78)
48(29.81)
85(52.80)
20(12.42)
7(4.35)
90(55.90)
65(40.37)

Control group Study group

N (%)
N =252
210(83.33)
97(38.49)
124(49.21)
115(45.63)
68(26.98)
116(46.03)
101(40.08)
140(55.56)
47(18.65)
23(9.13)
139(55.16)
180(71.43)

58.51
3.26
7.71
0.46
1.34
5.15
4.52
0.30
2.81
3.34
0.02

43.18

<0.0001
0.0718
0.0058
0.4989
0.2471
0.0237
0.0342
0.5838
0.0945
0.0683
0.8827
< 0.0001

In the study group, compared to the control group, such clinical

signs as: dry skin, increased appetite are significantly higher. During

hyperinsulinemia, compared to the control group, the frequency of the

following clinical signs is unbelievably high: obesity, rash, hair loss.

The distribution of obesity according to hyperinsulinemia is given

in Diagram 2.
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Diagram 2. The distribution of obesity according to hyperinsulinemia
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A significant increase in obesity was observed in the study group

compared to the control group.

Correlation of thyroid volume and structural changes with inulin

level is given in Table 2.

67



Table 2. Correlation of thyroid volume and structural changes with inulin

level
Control Study group
group N (%)
N (%) F P
N =161 N =252
E E goiter 41(25.47) 179(71.03) 101.72 < 0.0001
EX:
g 8
=g
B 5 Inserts and
"ﬁ @ areas in the = 32(19.88) @ 102(40.48) 19.84 < 0.0001

tissue

In the study group, in comparison to the control group, an increase
in the reliability of both the high frequency of detection of diffuse goiter
and the inhomogeneous structure of the thyroid gland by ultrasound

examination was revealed.

Assessment of biochemical characteristics according to insulin re-

sistance is given in Table 3.

Table 3. Assessment of biochemical characteristics during insulin resistance

Control Study
Group Group t P
N =161 N =252

Mean+SD Mean+SD
Zn (ug/dl) 88.43+14.57  74.49+14.40 9.53 < 0.0001

Fasting Glucose(mg/dl) = 99.36+15.68 101.70+19.68 -1.34 0.1810
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TSH (mIU/L) 2.78+2.89 2.85+2.80 -0.26 0.7962

FT4 (ng/dl) 1.05+0.24 1.00+0.17 254 0.0114

ALT (u/L) 24.54+11.58 38.12+28.34 -5.78 < 0.0001
AST (u/L) 20.46+7.89  27.23+16.84 -4.77 < 0.0001
ALT/AST 1.22+0.35 1.44+0.55 -4.38 < 0.0001
CHOL(mg/dl) 173.46+41.65 205.91+45.28 -7.46 < 0.0001

LDL- CHOL(mg/dl) 103.23+26.49 121.82+34.50 -5.83 < 0.0001
HDL -CHOL (mg/dl) 51.37+11.06 @ 47.86+13.90 2.84 0.0047
TRIGL (mg/dl) 115.36+45.94 163.38+82.40 -6.75 <0.0001

(Zn-Zinc, TSH-Thyroid-stimulating hormone, FT4-Free thyroxine,
ALT- Alanine aminotransferase, AST- Asoartaminotransferase, CHOL-
Total cholesterol, LDL-CHOL- Low-density lipoprotein, HDL-CHOL-
High-density lipoprotein, TRIGL- Triglycerides).

In the control group, compared to the study group, fasting glucose,
ALT, AST, CHOL, TRIGL in blood serum are significantly higher and a
significant negative correlation was revealed between insulin resistance
and Zn, FT4, HDL levels in blood serum.

Thyroid volume according to insulin resistance is shown in Dia-

gram 3.
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Diagram 3. Thyroid volume according to insulin resistance

25

20

15

10

control group study group

m thyroid volume 15,25 20,45

As can be seen from the diagram, the volume of the thyroid gland

depends on the amount of insulin in the serum.

Statistical analysis confirmed that the increase in thyroid volume
in the IR-study group is plausible. During IR, the average volume of the
thyroid gland is significantly higher compared to the control group (t =
7.9, p < 0.001).

Correlation analysis showed that the increase in thyroid gland vol-
ume compared to the control group showed a reliable positive correla-

tion with IR — r = 0.312**, p < 0.0001.

Through regression analysis, it was determined that there is a linear
relationship between the volume of the thyroid gland and the amount

of insulin, p < 0.001) (diagram 4).
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Diagram 4. Normal P-P Plot of Regression Standardized Residual Depen-
dent Variable

thyroid volume

Expected Cum Prob

0.0 T T T
0.0 0.2 0.4 06 038 1.0

Observed Cum Prob

Since the results of our study show that thyroid gland volume cor-
relates with IR, this fact caused us to be interested in evaluating clini-
cal and biochemical characteristics according to thyroid gland volume.
Therefore, at the next stage of the study, we divided the patients accord-
ing to the volume of the thyroid gland. The study group included people
with non-toxic diffuse goiter, and the control group included patients

with normal thyroid volume.
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Table 4. Evaluation of characteristics according to thyroid volume.

Control group  Study group

N=161 N =252 ¢ p
Mean+SD Mean+SD
Zn (ug/dl) 88.43+14.57 = 74.49+14.40 9.53 | <0.0001
Fasting glucose (mg/dl) 99.36+15.68 = 101.70+19.68  -1.34 | 0.1810
TSH (mIU/L) 2.78+2.89 2.85+2.80 -0.26 | 0.7962
FT4 (ng/dl) 1.05+0.24 1.00+0.17 2.54 0.0114
ALT (uw/L) 24.54+11.58  38.12+28.34 -5.78  <0.0001
AST (u/L) 20.46+7.89 27.23+16.84 -4.77  <0.0001
ALT/AST 1.22+0.35 1.44+0.55 -4.38  <0.0001
CHOL (mg/dl) 173.46+41.65 205.91+45.28 -7.46  <0.0001
LDL-CHOL (mg/dl) 103.23+26.49  121.82+34.50 -5.83 | < 0.0001
HDL-CHOL (mg/dl) 51.37+11.06 = 47.86+13.90 2.84 0.0047
TRIGL (mg/dl) 115.36+45.94 = 163.38+82.40 = -6.75 < 0.0001
Thyroid volume(cm3) 15.25+6.55 20.52+6.39 -8.06  <0.0001

Zn-zinc, TSH-thyroid-stimulating hormone, FT4-free thyroxine, ALT-alanine
aminotransferase, AST-aspartaminotransferase, CHOL-total cholesterol,
LDL-CHOL-low-density lipoproteins, HDL-CHOL-high-density lipoproteins,
TRIGL-triglycerides.

In diffuse nontoxic gout, fasting insulin levels are reliably elevated.
Also, the TST level is reliably increased to the upper limit of normal
reference values, the FT4 value is reliably decreased to the lower limit

of normal reference values.
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Also, in the control group compared to the study group, the level
of ALT in blood serum was reliably increased, while the level of AST
was increased non-reliably. However, their ratio in the study group
compared to the control group is reliably higher. Diffuse non-toxic gout
significantly increased serum CHOL levels to the upper limit of normal

reference values compared to controls.

Also, in the study group compared to the control group, the level
of TRIGL is significantly increased and the level of HDL is significantly
decreased in blood serum. Dyslipidemia was significantly more common
in the study group than in the control group, respectively 122(53.04%)
and 59(32.24), < 0.0001, zinc deficiency, 127(55.22) and 76(41.53), p =
0.0056

The reliable positive correlations of IR with biochemical traits are

shown in diagram 5.
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Diagram 5. The reliable positive correlations of IR with biochemical traits

TOTAL-
CHOL
ALT/AST TRIGL
AST . LDL-CHOL
Insulin
Resistance
thyroid
P volume
fasting BMI
glukose

IR shows a reliable positive correlation with the following charac-
teristics: diffuse euthyroid gout, BMI, fasting glucose CHOL, LDL, TRI-
GL, ALT, AST, ALT/AST

Significant positive correlations of thyroid volume with biochemi-

cal characteristics are shown in Diagram 6.
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Diagram 6. Significant positive correlations of thyroid volume with bio-

chemical characteristics

TRIGL
TOTAL-CHOL ALT/AST
Thyroid
volume
AST LDL
ALT BMI

Thyroid volume showed a reliable positive correlation with the
following characteristics: BMI, fasting insulin, CHOL, LDL, TRIGL,
ALT, AST.

Correlation of clinical/laboratory data with thyroid volume and in-

sulin levels is shown in Table 7.

75



Table 7. Correlation of clinical/laboratory data with thyroid volume and

insulin levels

R . Euthyroid Thyroid
Hyperinsulinemia Gland

r 0.317**
Diffuse Goiter

P <0.001

r 0.557* 0.328**
BMI

P <0.001 <0.001

r -0.336* -0.058
/n

P <0.001 0.237

r 0.143** 0.080
Fasting glucose

P 0.004 0.103

r 0.001 -0.015
TSH

P 0.982 0.759

r -0.108* -0.118*
FT4

P 0.028 0.016

r 0.342* 0.265*
ALT

P <0.001 <0.001

r 0.318** 0.200**
AST

P <0.001 <0.001

r 0.270* 0.187*
CHOL

P <0.001 <0.001
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r 0.177*

LDL

P <0.001

r -0.175*
HDL

P <0.001

T 0.239*
TRIGL

P <0.001

r 0.175*
ALT/AST

P <0.001

*-p<0.05"-p<0.01

0.153*
0.002
-0.138*
0.005
0.260*
<0.001
0.248™

<0.001

The following indicators show a reliable positive correlation with

the volume of the thyroid gland in the study group compared to the
control group: fasting insulin, BMI, CHOL, LDL, TRIGL, ALT, AST, and

negative — HDL and Zn.

Compared to the control group, the following indicators show a re-

liable positive correlation with insulin resistance in the research group:

BMI, overweight, CHOL, LDL, TRIGL, ALT, AST ALT/AST, and nega-

tive — HDL.
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Discussion

Some studies suggest that individuals with IR have more thyroid
nodules, and thyroid volume is generally associated with body mass in-
dex. According to our study, there was a reliable positive correlation

between thyroid volume and hyperinsulinemia.

The regression analysis showed that the relationship between these
values is linear (p < 0.001), and in the study group, compared to the
control group, no reliable positive correlation was found between the

increase in insulin level and nodular growths of the thyroid gland.

Insulin is one of the important factors in the pathogenesis of the
increase in the volume of the thyroid gland, since it stimulates the pro-
liferation of thyrocytes in the same way as TSH. It has been shown that
patients with IR and high serum insulin levels may have an increased
thyroid volume and a higher prevalence of thyroid nodules compared

to healthy individuals.

According to our data, the frequency of diffuse non-toxic gout is
reliably increased in the IR group compared to the control group. No
significant positive correlation was found between IR and thyroid nod-
ules. Also, according to our research, between hyperinsulinemia and
structural changes of the thyroid gland (tabs), compared to the control

group, a reliable positive correlation was revealed.

In addition, according to our results, diffuse gout in the control

group, compared to the study group, shows a reliable positive correla-

78



tion with such features of the metabolic syndrome as obesity and lipid
metabolism disorders. There is an opinion that normal body weight is a

determining factor of thyroid gland volume.

Some studies have shown a positive correlation between thyroid
volume and body weight. According to our data, in the study group,
compared to the control group, a reliable positive correlation of the in-

creased volume of the thyroid gland with BMI was confirmed.

IR can alter systemic lipid metabolism, leading to the development
of dyslipidemia and the lipid triad: increased plasma triglyceride levels,
decreased high-density lipoprotein levels, and the appearance of small
low-density lipoproteins in the blood. IR negatively affects lipid and

lipoprotein metabolism and is closely associated with dyslipidemia.

The relationship between IR and dyslipidemia is likely bidirec-
tional, and causality is still a matter of research. Our study revealed that
both hyperinsulinemia and increased thyroid volume had a reliable pos-
itive correlation with dyslipidemia. ALT levels are independently asso-
ciated with hepatic IR, metabolic syndrome, with impaired glycemia
on fasting, impaired glucose tolerance and with S.D.T.-2. In individuals
with the mentioned pathology, the value of ALT can be an indirect pa-
rameter to evaluate hepatic IR. According to some studies, the ALT/AST

ratio can be considered as one of the best markers for determining IR.

According to our study, patients with hyperinsulinemia, compared
to the control group, showed a reliable increase in the level of transam-

inases to the upper limit of the normal reference values, the ALT/AST
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ratio was significantly higher in the group of excess IR, compared to
the control group. According to studies, during the oral glucose toler-
ance test, there was a significant increase in glucose and insulin levels in

overweight individuals compared to the control group.

According to our study, there was a reliable positive correlation
between fasting hyperglycemia and hyperinsulinemia in obese subjects.
Many studies have shown a relationship between obesity and Zn ho-
meostasis. In particular, it was found that the level of Zn in the blood
is significantly reduced in overweight patients. According to the results
of certain papers,circulating Zn-a2-glycoprotein was lower in patients
with impaired glucose tolerance and newly diagnosed diabetes type 2
compared to the control group. Also noteworthy are the results of small
studies in children, according to which low zinc content increases the
risk of IR, and zinc intake lowers insulin and glucose levels in the blood.
Some studies have shown lower zinc levels in women with polycystic
ovary syndrome compared to controls. Significantly lower concentra-
tion of zinc in blood serum was observed in obese individuals compared
to healthy individuals. According to our study, patients with hyperin-
sulinemia showed a significant decrease in zinc levels compared to the

control group.

Some studies have shown that obese individuals have lower FT4
levels than controls. According to our study, patients with hyperinsu-
linemia showed a decrease in FT4 levels compared to the control group,

although these data are within the normal range.
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IR is associated with excessive accumulation of adipose tissue in
the human body. According to the results of our study, there was a reli-
able positive correlation between insulin levels and obesity in the study

group of IR.

There is an opinion that hyperinsulinemia in obesity causes hunger
and food cravings. According to our study, patients with insulin excess
had a significantly higher frequency of increased appetite than controls.
Such metabolic disorders such as hyperandrogenemia and insulin resist-

ance are closely related to acne.

According to the results of our study, the patients who made up the
study group did not have a significantly higher incidence of acne than
the control group. According to some papers, there is epidemiological

evidence between metabolic syndrome and skin diseases such as:

Psoriasis, acne vulgaris, hidradenitis suppurativa, androgenic alope-
cia, acanthosis nigricans and atopic dermatitis. According to our study, pa-
tients with excess insulin had a significantly higher incidence of dry skin
compared to controls, And the frequency of detection of excess hair, rash-
es and hair loss was unbelievably high. Hirsutism is a medical term that
describes excess hair in androgen-dependent parts of the body in women.
The reason for its development, in addition to ovarian dysfunction or ad-

renal diseases, may also be metabolic disorders and insulin resistance.

According to the results of our study, patients with insulin resist-
ance did not have a significantly higher frequency of obesity compared

to the control group.
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Insulin receptors are widely distributed throughout the brain. Pre-
dominantly in the olfactory bulb, hypothalamus, hippocampus, cerebral
cortex. The widespread distribution of insulin receptors in the brain
suggests that insulin signaling plays an important role in it.

However, on the other hand, in the central nervous system, chang-
es in insulin signaling may accelerate brain aging processes and may be
involved in neurodegeneration processes.

According to our study, patients with hyperinsulinemia did not
have significantly higher frequency of neurological symptoms such as

low mood, headache, dizziness compared to controls.

Conclusions:

e Hyperinsulinemia is one of the most likely causes of diffuse

goiter and the heterogeneous structure of the thyroid

e The volume of the thyroid gland shows a significant positive as-
sociation with the characteristics of metabolic syndrome
e Increased thyroid volume may be predictors of metabolic syn-

drome

e A reliable positive correlation between hyperinsulinemia and
multinodular goiter was not revealed in the population of

Georgia.
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Recommendations:

e Obese individuals with hyperinsulinemia should have thyroid
volume and structure assessed by ultrasound.

e In such patients who have been diagnosed with diffuse euthy-
roid gout and/or inhomogeneous structure of the thyroid gland
by ultrasound, the level of insulin in the blood serum should be
determined.

e  Obese individuals diagnosed with diffuse euthyroid goiter by ul-
trasound should have serum transaminases, zinc and lipids meas-
ured.

e Individuals diagnosed Insulin Resistance should have measured

level of: liver transaminases, zinc and lipids in blood serum.

Notes:

The mentioned research has a limitation, because it was conducted
on the basis of only one clinic for the population of Georgia. In order
to generalize the results of the mentioned study to other populations,

larger-scale studies are needed.
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