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Accepted: 2025.01.25 Introduction: Thyroid nodules are highly prevalent. The role of insulin resistance in thyroid nodule
Keywords: formation has recently gained attention. While several studies have explored the relationship
Metformin; between metformin and insulin resistance, limited research has assessed the effect of metformin
Thyroid Nodule; therapy on thyroid nodule volume and number. This study investigated the effect of metformin
Levothyroxine on the size and number of thyroid nodules.

Methods: A total of 240 euthyroid women with thyroid nodules were divided into four groups.
© 2024 Arak University of Medical =~ Group 1 received levothyroxine 100 pg/day, Group 2 received metformin 500 mg twice daily,
Sciences Group 3 received a combination of both drugs for three months, and Group 4 served as the control
group with no treatment. Thyroid ultrasound was performed at baseline and after three months.
Statistical analyses included the Kruskall-Wallis, Wilcoxon, and Chi-square tests, examined the
differences of the size of thyroid nodules and the mean of thyroid hormones levels between
groups, for Each group included 60 people and to compare the percentage of differences between
the groups, respectively. Also P value less than 0.05 was considered meaningful.
Results: Results showed no statistically significant differences in thyroid hormone levels after
treatment among the three groups except the levothyroxine group. Additionally, only the
levothyroxine group showed a significant post-treatment decrease in TSH and increase in T4.
Thyroid nodule size significantly decreased in the levothyroxine group and the levothyroxine-
metformin combination group compared to the metformin-alone and control groups.
Conclusions: This study indicates that metformin does not reduce the size of thyroid nodules,
contradicting studies suggesting its potential antineoplastic effects on the thyroid. However, the study
duration may be insufficient for definitive conclusions, necessitating further high-quality studies with
larger sample sizes and longer follow-up periods.

Copyright © 2024 The Author(s); Published by Journal of Arak University of Medical Sciences. This is an open access article, distributed under the terms of the
Creative Commons Attribution-NonCommercial 4.0 International License (http”//creativecommons.org/licenses/by-nc/4.0/) witch permits others to copy and
redistribute material just in noncommercial usages, provided the original work is properly cited.


https://orcid.org/2016-0223-2589-5N3

Wi g gl SBJ g 3 o y9iio I (w y 9

fd‘O).Q? LSLC svdu\.o:».!.o )L:.lf svﬁ) 4.0.‘0[5 ¢

3 @)LE c\.aLwS‘

el ST ST Ky pole oS pelslio § 308 08,8 ol

Olpl SIS (Sigy pole oRKiils ‘)Lo—l 09,5 ‘)La—| 6)359‘
Ol e ST e sogee Sy v
Olpl e STEST (Sip pole olKisls cannjslsily f

afsanehtalaeii@yahoo.com : Juel o))l « STl (ST (o5 pole olSisls cpuudsilie g 008 09,5 wliwl ( oMb ailudl : gt odius s 5

DOI: 10.61186/jams.28.2.7??7?

ouS> VEY0/-Y 1edl 0 F,b

VEYNN 8 i dy g,

S &l 433,515 a5 390 1 g5 (sl sl 9 gl 42 Cunglin (2 et LS Sl Sg 5 (slo g taoo
907> 521y Geaygite b oloyd Sl s gg9aome Slalllae ilos S (o) 3295 b | dgmadl 42 Cuaglite g (napgiite DS sousio Slalllas
w235 st |y dege Sl o3Il 5 oo 1 e gt 3l Lo il (saalllan ;3 aied S a2 drag S (sl Jgts Shass

Jsl 09,5 WS e 0,85 £ oy 09,5 Yz & (hler Wad DLl angyd sladsw b adgyisn o5 Y olaai 5 by
S 9755) 9 e siie S| (oS 5 o 0957 9 595 50 )L 98 S hen B0+ 590 b g8 Sua g0 09,5 9 59, 50 5955 Vo ¢ (S g5 )
5020 ol dus 5l ams 5 dalllae £9,8 (glail Bl S gigm 058 S5 8l )0 o9l dald 09,5 lgins pilez 05,5 5 030, 8L ;8 ole ds oo 4y
29,5 dulie baog S ey g 09,5 5250 o @l 5 o el JEUSS 5 aen

355 (55l o sime M (S g p5g5) 09,5 1200 09,5 A 50 Loy Sl dmr (659 ,5 (slagygey90 grla 45 dws oo LS s Haasdly

Bl ol 5 (halS s 4 (sl sine y5b 4 oy 3l an TA s TSH by (0S5 5550 05,5 50 s ams oo (it lis (yrizman

Mo 25 dald 05,5 5 (rmny5iie 09,5 b duyliie 13 (oo y9iie 5 (oS 5 535) (5205 5 05,5 5 (oS 5 38) 05,5 ) Joi sojlil 5 ol

el 4zl (gLl

05illy B3l a5l (Slalllas b (LS 55 5 39 cad g5 sla g o3l IS &) porie e gite oS ol LS aslllas (nl g S A
b st Slilas cosl p3¥ 5 0l IS (555 amts ol sl adllan ol oy Dte sl (S0 4z 5 ool (s 1) 995 (5)9ag50s

ieols 3l
e )90
g Je

S 9 S5

olLils (gl ;a5 3si> goled
ol Lrgisme STl Sy pole

39 ploxl 5 GVsb S 4y i ladiged pax> )3 5 VL EoiS

NESVEY (V) YA N FF T s pale olCils dlora rgyed 59 3 (rogiio il smiy sl Slosezr 5Ll (soazos cabold sasd) cailudl O iel !

oS ,o AMPK (Activated Monophosphate Kinase) c—JLas
Gl czge (A8l jolay idse )0 4T i o )0 Was oo SalS
TSH (Thyrotropin) el 4 e 055 a5 4 a5 545 0 AMPK
(F) 09 o0

@ Cwglin b bas e b lom 5 6l 3 moysiie 3l
9055 (eizmed 5 22 S g S sS (b laplaess abox 5l Gdgend]
O ysite b3l oaaie Sladllae 13l (A V) cal oud axslis ossu
ol=is asdlas oz los S ) Qg U pde—adl 4 Cglin 4
Se295 Sl o olaai g x> 1) Gmeygiio b oloys Sl 55 goguma
o3l g Slaws e ysiio puil Lo ¢ il anlllas 3 .()+) Wilos S (s
(w205 (i 1) Smg s sladgs

\FY

4olio
o Ll ol o goaate Heg aiiwa mld by aus,d sla Jgas
OB Jd 5l (remme Jolge 5 S 25 e Jelge Gl ale 510V 3l
Trbe Oigrly LOblwgs (SIS (pail s 95008y 35008 (Sl
7YY wlows

a5 3,90 3l g3 slasi slonl 53 el a4 Cunglio 25
Ol 4 Saaglita b 53557 )3 dg s slaows goed w435 18
Caw loads GiliFas 0V el a4y Cunglin ygas ol 3 0 g 0o 10 V7
Slml 5o pte peilSe S Glgie @ Gels—il 4 Canslie (e (F)
(B) Cenl 00l ke (G955 e 5 g (SlapilS

2o d—3bkise 53 g5 Zuld 53 o)l pleys Jsl b e jsiie
Gial33l ook 5l 1) oS oid adgi a5 Caul Culis gyl oa iy


https://orcid.org/2016-0223-2589-5N3

ot sl Kruskall-Wallis yg057 51 .o eolizwl ( Inc., Chicago, IL
&lp WIlCoXoNn 505 5l 5 Sle ,0 sl 03,5 o Jgai ojlas | DL
sl Chi-square oseil 51 52 5 olo s 5l ans s Jed 05, o alio
5 S Pt osliin | cilises slaog S s 03l oM s s dneylie

b il o e (s bl ks 5l e/ 0

badl
Sole T M L8l Fge0 Slog—as L 5l Sle o sloog S ann
3590 05,5 Slaz ;0 a8 YFe asdllas ol j0 () Jguz) azila gl pxe
¥ 09,5 e ygiin ¥ 09,5 (i S el 09,5 1) 09,5 W8S 5 o )
Old lls 5T o3l b salis ¥ 05,8 e S igs) 5 ey siie
el B %0, L sles ilishe sloog,S oo (iles 45 2300
2l gl ge

ey iz gloog,S o leyo 5l Jo8 T4 T3 TSH .ZLs
b a5 sas oo plii Kruskall-Wallis ;ee;1 s os aglis
B K08 b anlllas glacyl o bz cbog,S ;o TSH (50,00
3 ans Gads s Sl 509 e rized ) (M0 e 55k ]
255 )l I grme BMST (e 95 55) 09,5 7 09,5 a0 oo
Shan s 8 s sl ogeys gobae sl WIlEOXON (gejl s
09,5 ;o Lead amo oo i Sloys @l slwey Sy ol
e @ ol s & leys 1o TA s TSH oy (e85 i g9)
AV Jouz) Conl asdly ol g rals

5 S 5 i gg) 09,5 10 Jaui ojlil a8 ol Lz WHlCOXON g0
el s (g )lo o cine 1lS (e piiat pmnS i) (oS 5 035
A J992) 3,10 (6 s 9l 09,5 5 (e 9 09,5 53 (I3

VEoF 15 g 01,5 oY 0los YA 695 STl (S 3y pole olSiils alxe

FLvIY)
LJLw Ve BV i o 005 00 seolSile,o 4y FaSass! 0
g O e Tl g 00 sl (BT 5igm 0 & 39,5 sl s
5551 03 0313 LB e g e Sl S g
«(Thyroid Stimulating Hormone) TSH Lol sowg 5 slaiole;]
aS) 5l eoliiws I L (Trilodothyronine) T3 (Tetraiodothyronine)T4
03 VE olaw cules o 5 0d el (U1 (sl (a3l )y <850 ol
O G oL g St 2 3jhie pagyd slo Jou b
TPO-(Thyroid peroxidase antibody) g osgs oy pubiss a5 e Sl
2 ST TSH 5005 it Ll (Gaesl )b o8, i et cuS) Ab
Wl obasl we il fouie (o < /0-0 eogame

Jol0gS ot i 0)85 7 (Sle p3 098 Sz 4 Ol
Bee 590 b eeygiite p9d 09,5 9 59y 50 £ 9,50 V0t S g5y
@ S 9555 5 Ceyoite Sl (oS 5 P 09,5 5 595 0 )b 93 5 e
@9ld ol o9 )5 Hlyic 4 plez 09,5 g 20,5 b0 ole 4w Dika
9 oo ole a3l o g addllan £9,5 il S gigm 25,55 L,
7-9 MHZ (Logig s, 5l eoliiwl b addllas jo (oS es , o 4o
ez 5e0g00l ) S5 Laws g3 500 Pro, GE Medical Systems, WI, USA)
Wi s ppe T4 3 TSH mhaw olo | 5 e Sg 590 595 .08 aloel
b miydy GYh a0 55 T4 g+ /0 -Y/D eogaze ;0 TSH aS, jslay
WA oy ol S ;0 T4 g TSH g 0l Laa>

asbicul s, 5 o 00ls anlllae 5,50 4o (SIS B350l 4yl lews dan &
IRCT2016022325895N3 oS L aslllas ol s 5 351 oL aan 51 a8
W el STl (Ko pale olKiils BB ateS lawgs

version 16, SPSS) V# a5 SPSS |l33le 5 5l laosls oy sl

Sloy iz ooy 5 (w (2Sls N Jgir

P JRECES NS Slgh a> e Byl £ o (2SSl Slaxs JorTs
Yy ov/E \YIO % FE/F 5. S5 iss)
e YA IS 5. e ypiie
T\ (N YIY £ YAIE 5 o sgiiat S s igs)
133 OFIY \YIY % FE/5 5 leys g0
Sy glrog S 50 Gloyd Slam g b3 50 (samg i liser9 mhaw dwslin ¥ Jga
Sloyd ooy,
Oloyd o (S 9 25 99) + (om0 y 3o oy 9o S 9 5 o)
Olre Sl yzil £ (125lue) Olro Sl yzil £ (125lue) Olare Sl il £ (5 Sluo) Olare Sl il £ (5 Sluo) e
P e 3 P e 3 P ] 3 P ] S
A YR SIVEY <10 YIVEV/A V£ N A% [A Sk Y N VYE Y YI0 £-/0 TSH
-1 -0 < IDEA/E Y UFEO/Y VEYIY ¥ VIYEA NOEY/D oy Ve IY Y10 oA\ /A T4
NG NFr NIE -If NEEN SN JA ETN AL A BNEENTN BLE T3
Fa gl ez 09,5 A 53 Sng S Jo 050l Sl s anglie ¥ Jgur
aloys o 0 39t (ymansS 9 5 99 oy 9o S 9 99
Olro Sl it (5Slse) Olaro Sl yzitt (52Slao) Olare Bl it (5255lno) Olazo Bl it (5255lno) e
P o S P A S P ] S8 P o S5
Y Y EYY Y EY SE R EYD SOEYA - Y EYA Y EYIA el S0 E VY EEY ey et o5l



https://www.google.com/search?sca_esv=4920aa5470d17e7b&rlz=1C1GCEA_enIR1033IR1033&q=tetraiodothyronine&spell=1&sa=X&ved=2ahUKEwiBv6Lq8ISGAxUJiv0HHfqhCJ8QkeECKAB6BAgJEAE

Ged o (oMb [ oy SS9 9 o ygiie

S s ol sl Sl i jslay Conl (e (oo jsiiie (eizren
AMPK & il é g aily aloz 5| J5S50 calizes slool; 350
Yl () asl awsls (Adenosine Monophosphate Kinase)
15516 slaala sy 5 59055 53y sl Jolos 52 mosito S| ol S0
oS ools (ylts 6,500 adllas opl pogdle (1Y) wil o NF-KB (latua
sl sl cus 51, CXCL8 (C-X-C Ligand 8) i s ,site
O y9n 13,10 (5 5095 o Il g oole (pl a5 s co LralS wg
Tumor Necrosis ) TNF-a b eas 26 CXCL8 # i (pizmon
OF) aas ol Joho casS Lo 4o |, (Factor a

Sy 090,98 Soki S e b bled (e jgiie oS 358 (oo aUS
593 oe Gl (655 50 uelygs ASeh (izred 9 MBS0 e |,
) deasd sligeyse Sl g a5 w0 Koo 1) TSH sloows o8
2lea Vo F o jo 6,508 addlas ;0 .(V0) aas o ili8l 5800 jo
FoS EgD 9 o giie o (Blred 35 g Sy (651 05 9 el o
OF) ab ool Hlid ag s 6,5 o5

Ly gyl Sop il e yaiite oS 3l it 13 (6,500 alllas
397 QMBI )3 (g 45300 3525 5 (saaled (V) was oe alS
el 50 s s Al aled Sl puilS g g (5 Vg0 pilS

) 428 93 g s ;S 2 (oo pgitie 005 (S 1 9590 30
oo & e o8 cpdomadl 4 ol 238l b 5l el s 4l ol se
0955 Jb Gl § iz 33—5 e Gyl & £y igiee sloly
5 Con e et g S b, S 53555 W, e Sl AMPK
Ol o cridlip— b (e jpiie 5l (o jen edliiul 1S oo e S
orzmed (VA) el o3l 2alS 1) b s ool 03 g5 (5o pulS
Bk 3l ey slodsbe 4 Jlorddlie lodsbe i 5 90 (a5t
Jos alasly 555 a5 (Mammalian Target Of Rapamycinym TOR
O ams o 1ol |y e IGF-1 4 gl

aS wls i o Ken 5 Karimifar . leiol s slaxllhas o
33 o gl & Caoglin Lasls a5 |, HOMA-IR gl (pospie
039 9 w8 gl p 4z 5 s o0 Bl dg e Jou 4 e il
2 e ysiie i1 48 3ile e zohae |y Jlexsl l a5 e T as ls 6,50
IGF- (gl 2k 51 Ylatol a5 (sl 5o 5 e oz 5T SH
V) aibe Ll slooss 5 51

sl Jss s TSH mla s o 1) e jpite @l il goanie Slalllas
oS ols olas glasdllas o ol 5o o REZZONICO .ailos ;S ooy dng
b ohles 5o dmg s Jowi o3l G2als & j2ie oo £ e )3 (e gt
Wil (gl Cuoglie 45 gy B9t S sS la g
33 w8l e S9yi9g) 5 e ygiio B ran a5 Sl LA (e g 990 (o0
Swges Jo ol 5l 6t falS Carge (2o 4 (e jpiie b alie
039y Oyedgn il 4y Coglan (1alS Lol jan Jous ojlasl ralS ol aS 098 o
(YY) el

ok cmeygite 45 ol i LIl o ol LSen 5 Cappelli
5 oh&ea s LUPOL (YY) caslools zals | TSH mlaw (¢ Ko
sy ) o5 4 ok o |, TSH e (gt o5 ol (s

VFF

-
5 2l TSH (S 559) 09,5 o daid a5 ol Lt pol> adllae gbs
9 SBlo ()l cne B ranygiie 5 S 955 99) (o5 5 Oloyd 0955 9
FURRY, 6)")&5““0 J....J.J ng\; O)L.\J‘ sQLa)Q Q9N 05; 9 L)"“’)?M aj)f )
a5 (Homeostatic Model Assessment —Insulin Resistance)
sl el gansdl 4y Canglie 2Ll

e il S ST g s s e s sl s
Iy (o Coos 4y i Cob il 03 o5 slaJgai LTO) ai il
Dl ol Slyz Sl s o Jobo o sl cosple ol (oo g 05l
S g 5 conl o5 Jloiz! ol a5 Waione (55l 42 5 (s (ol
3,08 3929 Sl (! Hlizren Jg wilaiils ooy cole lal 5l pusay
5 b e dls ley Jsb yo (alaie jl8, ailet asg i sl Jeus a5
425 )N 925 S S Joui ol (2alS (sl )l leys ol >
005 (s Laany 45 033 pgas po (S5 Ta9) b gy Slopo i, N
A Famin 1 5 005 (6,8l bg, ol &5 08

e a5 0l oo Sobid 55 (B e Sl (n Rl (e jeiie
6ok 53 350! 5l il gl & Canglie 2l T L5l Ll
5ylS | gl a4y Cenglie ulis| s LT e ilSo a5 153 Loy sl o5
SV (5,55l 5 loss S (5l 5 ahox 1o s gl
(A YY) Bl g oy oS (Sl

s ation SlS S5 sla oo ) elge 5 bl e
Ay e Syme plgia 09 g TOSH S o0 Jio slse 4z S

Sl S 5o, aSh S o plais |) a0, Shes Lis & TSH
losls s Sldllae (F ) WS oo pelais 55 1, Lo (sloons o5 5 o,
(Sl Jud 5l T Gl g Sdglin pyosi b dwg s o Slee &l poss a8
9 18 i ead mizmen (VM) S)ls (lhen (93 (02 5 9Pl
iz (F) culoas ools lid dgudl 4 Cuoglin [0 g s Joud
4SS gl 0uiS ulas lgie 4 s yaie aS Wilosls L dslllas

gl 4 0 ele 5 (Insulin Growth Factor-1) IGF-I
b o 00y 5 ol o la sl glail 51 o)l 10 0y o Jole g il
@ b YU sl gl (89 10 0l Slezsle calls gl 0ni S
g 00 IGF-1 00 5 @ cpdgundl Jlasl zolS @ yoxie 595 gty 45 onds
AOY) ab oo Srals wd,y (S0 ol

o i sdskes 5o dGF-1 6055 ob; e 59, caslllae 5 4o
axdly jlos sle Jol o 1y LT alS 5 sas s Y5Ssh o S5l
aS 39— oo yae b8 IOV Y) sl 0ad ools yloid ag

A5l S50 55 dmg e g ol alS jo cewl (e e j9iie



S0 65,0 e A5 e ysiie 5 a5 Wilosls Lis 55 (6,5 Slllas

o b as (V) wes yials 1) dugyw il jgp il wlaisles cobs

oS wisls i 5w o) 5en 5 LAyegh .o als Jlgseen , s> aslllas
(YY) 3,05 8925 3o 1 5 3o ol3l o Lo Jous olaws jo (3

S 5 o
A slo g ojlal ialS a4y yoxie yaeygiie 4 ol s dslllae oyl
e 50 g HYb CuaS b g iinn Sllllae cul p3Y ax 3 0g 5 s

D5l plodl 5 Vel o 4y g iy sladiges

SO g S

Pl 5 S8 ol S| Sy pole oKl ayg e liio 555 5]
D35 (50 S35 039 o

OB W 99 o

sl 318 dlie sbocwand olod jo GBaus g solos

2o slas
2,105 0929 (8l ol g a5 WS o G By

References

1. Durante C, Grani G, Lamartina L, Filetti S, Mandel SJ, Cooper DS.
The diagnosis and management of thyroid nodules: a review.
JAMA. 2018;319(9):914-24. pmid: 29509871 doi:
10.1001/jama.2018.0898.

2. WangH, Jiang Y, Song ], Liang H, Liu Y, Huang ], et al. The risk of
perchlorate and iodine on the incidence of thyroid tumors and
nodular goiter: a case-control study in southeastern China.
Environ Health. 2022;21(1):4. pmid: 34980104 doi:
10.1186/s12940-021-00818-8

3. Tang Z, Zhang |, Zhou Q, Xu S, Cai Z, Jiang G. Thyroid Cancer
"epidemic": a socio-environmental health problem needs
collaborative efforts. Environ Sci Technol. 2020; 54(7):3725-7.
pmid: 32191442 doi: 10.1021/acs.est.0c00852

4. KushchayevaYS, Kushchayev SV, Startzell M, Cochran E, Auh S,
Dai Y, et al. Thyroid abnormalities in patients with extreme
insulin resistance syndromes. ] Clin Endocrinol Metab.
2019;104(6):2216-28. pmid: 30657911 doi: 10.1210/jc.2018-
02289

5. Zhao ], Zhang Q, Yang Y, Yao J, Liao L, et al. High prevalence of
thyroid carcinoma in patients with insulin resistance: a meta-
analysis of case-control studies. Aging (Albany NY).
2021;13(18):22232-41. pmid: 34550096 doi:
10.18632/aging.203529

6. Faggi L, Giustina A, Tulipano G. Effects of metformin on cell
growth and AMPK activity in pituitary adenoma cell cultures,
focusing on the interaction with adenylyl cyclase activating
signals. Mol Cell Endocrinol. 2018;470:60-74. pmid: 28962892
doi: 10.1016/j.mce.2017.09.030

7. Riemann A, Blaschke M, Jauho-Ghadimi A, Siggelkow H, Gollisch
KSC. Metformin improves the hepatic steatosis index in non-
obese patients with polycystic ovary syndrome. ] Clin Med.
2022;11(15):4294. pmid: 35893386 doi:
10.3390/jcm11154294.

¥

VEoF 15 g 01,5 oY 0o VA 09 (STl (Kb 3y pole olEiils alxo

V) Sl 2l 65 daag s Ohlom o Jy e ooe a8
Obdls 58 (s y98 oo ole & B pan a5 8ls slis 35 ol S o ROtONd
g 6,5 o5 3 PCOD (Polycystic Ovary Syndrome) 4,
(VY) 0s TSH asie j2als @ pie

0ol 4 orie e ygiie 4 Wsly o LiS pimen ) Sen g Anil
lio 93 (VF) 09— 0 (ralg—adl @ pslio Glom ;0 dg 55 Jous o3l
ohSKen g HE 5 (Y0) anlllas V () 5l o), Ko  SUI Ko 3JUTL
Swgpd Jou ol (pals pass o Sl Gizres wlllas O (o 2 L O )
losls GLas 1y ceysiie b gloys JLows

5ol A o e ypite a5 Wols Gl 3 o K  Vigersky
o (e ygiie a5 sl o 35 Ko DOS SaNtOS (YY) 095 o TSH
(YA) 098 g0 g i Sl o ojlusl [rals cgo g ool uals |, TSH

BB palS Coge Craejgiie a5 wiols (L 35 ol 5o 4 Olgun
B 598 Slalllas gl (Y1) 34 oo duyg s (sloJgai ojlail ala>da
103,55 awb 1) bt cpl Sldlas dan axdl ail oo pol> asllas

alailg 45 (6013l 10 e gite a5 wisls yLis )] Sen o KrysSiak
(74 3o Yo I, TSH clons sng s (6, o5 oo (39,8 550] Syan
by heo YA 51 YL TSH 3145 wisls olss o IKen o Karimifar
TSH $145 5,50 50 was oo ualS | o] gl (e jgitie il 5
o3l 5 53b g 220 VL1, TSH la o 8L VIR 1 a8 il
V) 9,8 am g Jgs

8. Kurelac I, Umesh Ganesh N, Iorio M, Porcelli AM, Gasparre G.
The multifaceted effects of metformin on tumor
microenvironment. Semin Cell Dev Biol. 2020;98:90-7. pmid:
31091466 doi: 10.1016/j.semcdb.2019.05.010

9. Cannarella R, Condorelli RA, Barbagallo F, Aversa A, Calogero
AE, La Vignera S. TSH lowering effects of metformin: a possible
mechanism of action. ] Endocrinol Invest. 2021;44(7):1547-50.
pmid: 33058005 doi: 10.1007/s40618-020-01445-9.

10. He X, Wu D, Hu C, Xu T, Liu Y, Liu C, et al. Role of metformin in
the treatment of patients with thyroid nodules and insulin
resistance: a systematic review and meta-analysis. Thyroid.
2019;29(3):359-67. pmid: 30595105 doi:
10.1089/thy.2017.0707.

11. Smith TJ. Insulin-like growth factor pathway and the thyroid.
Front Endocrinol (Lausanne). 2021;12:653627. pmid:
34149612 doi: 10.3389/fendo.2021.653627.

12. Tsui S, Naik V, Hoa N, Hwang CJ, Afifiyan NF, Sinha Hikim A, et
al. Evidence for an association between thyroid-stimulating
hormone and insulin-like growth factor 1 receptors: a tale of
two antigens implicated in Graves' disease. ] Immunol. 2008;
181(6):4397-405. pmid: 18768899 doi:
10.4049/jimmunol.181.6.4397

13. Kanigur Sultuybek G, Soydas T, Yenmis G. NF-xB as the
mediator of metformin's effect on ageing and ageing-related
diseases. Clin Exp Pharmacol Physiol. 2019;46(5):413-22.
pmid: 30754072 doi: 10.1111/1440-1681.13073

14. Rotondi M, Coperchini F, Pignatti P, Magri F, Chiovato L.
Metformin reverts the secretion of CXCL8 induced by TNF-a in
primary cultures of human thyroid cells: an additional indirect
anti-tumor effect of the drug. ] Clin Endocrinol Metab.
2015;100(3):E427-32. pmid: 25590211 doi: 10.1210/jc.2014-
3045

15. Bayliss JA, Lemus MB, Santos VV, Deo M, Davies JS, Kemp BE, et
al. Metformin Prevents Nigrostriatal Dopamine Degeneration



16.

17.

18.

19.

20.

21.

22.

23.

24.

les g (oMb [ d gy SS9 9 (oo y9itn

Independent of AMPK Activation in Dopamine Neurons. PLoS
One. 2016;11(7):e0159381. pmid: 27467571  doi:
10.1371/journal.pone.0159381

Joffe BI, Distiller LA. Diabetes mellitus and hypothyroidism:
Strange bedfellows or mutual companions? World ] Diabetes.
2014;5(6):901-4. pmid: 25512794 doi: 10.4239/wjd.v5.i6.901
Tseng CH. Metformin significantly reduces incident prostate
cancer risk in Taiwanese men with type 2 diabetes mellitus. Eur
] Cancer. 2014;50(16):2831-7. pmid: 25201464 doi:
10.1016/j.ejca.2014.08.007

Chen G, Nicula D, Renko K, Derwahl M. Synergistic anti-
proliferative effect of metformin and sorafenib on growth of
anaplastic thyroid cancer cells and their stem cells. Oncol Rep.
2015;33(4):1994-2000. pmid: 25683253 doi:
10.3892/0r.2015.3805

Han G, Gong H, Wang Y, Guo S, Liu K. AMPK/mTOR-mediated
inhibition of survivin partly contributes to metformin-induced
apoptosis in human gastric cancer cell. Cancer Biol Ther.
2015;16(1):77-87. pmid: 25456211 doi:
10.4161/15384047.2014.987021.

Karimifar M, Aminorroaya A, Amini M, Mirfendereski T, Iraj B,
Feizi A, et al. Effect of metformin on thyroid stimulating
hormone and thyroid volume in patients with prediabetes: A
randomized placebo-controlled clinical trial. ] Res Med Sci.
2014;19(11):1019-26. pmid: 25657744

Rezzdnico ], Rezzdnico M, Pusiol E, Pitoia F, Niepomniszcze H.
Metformin treatment for small benign thyroid nodules in
patients with insulin resistance. Metab Syndr Relat Disord.
2011;9(1):69-75. pmid: 21128816 doi:
10.1089/met.2010.0026

Cappelli C, Rotondi M, Pirola I, Agosti B, Formenti A, Zarra E, et
al. Thyreotropin levels in diabetic patients on metformin
treatment. Eur ] Endocrinol. 2012;167(2):261-5. pmid:
22645202 doi: 10.1530/EJE-12-0225

Lupoli R, Di Minno A, Tortora A, Ambrosino P, Lupoli GA, Di
Minno MN. Effects of treatment with metformin on TSH levels:
a meta-analysis of literature studies. ] Clin Endocrinol Metab.
2014;99(1):E143-148. pmid: 24203069 doi: 10.1210/jc.2013-
2965

Rotondi M, Cappelli C, Magri F, Botta R, Dionisio R, Iacobello C,
et al. Thyroidal effect of metformin treatment in patients with
polycystic ovary syndrome. Clin Endocrinol (Oxf).
2011;75(3):378-81. pmid: 21521311 doi: 10.1111/}.1365-
2265.2011.04042 x.

122

25.

26.

27.

28.

29.

30.

31

32.

Anil C, Kut A, Atesagaoglu B, Nar A, Bascil Tutuncu N, Gursoy A.
Metformin decreases thyroid volume and nodule size in
subjects with insulin resistance: a preliminary study. Med Princ
Pract. 2016;25(3):233-6. pmid: 26618447 doi:
10.1159/000442821.

Sui M, YuY, Zhang H, Di H, Liu C, Fan Y. Efficacy of metformin
for benign thyroid nodules in subjects with insulin resistance:
a systematic review and meta-analysis. Front Endocrinol
(Lausanne). 2018;9:494. pmid: 30233494 doi:
10.3389/fendo.2018.00494

Vigersky RA, Filmore-Nassar A, Glass AR. Thyrotropin
suppression by metformin. ] Clin Endocrinol Metab.
2006;91(1):225-7. pmid: 16219720 doi: 10.1210/jc.2005-
1210.

Dos Santos PB, Gertrudes LN, Concei¢do FL, de Andrade BM, de
Carvalho DP, Vaisman M, et al. Effects of metformin on TSH
levels and benign nodular goiter volume in patients without
insulin resistance or iodine insufficiency. Front Endocrinol
(Lausanne).  2019;10:465.  pmid: 31379740  doi:
10.3389/fendo.2019.00465

Olgun ME, Pire G, Giiney IB. Effects of metformin therapy on
thyroid volume and functions in patients with newly diagnosed
type 2 diabetes mellitus: a single-center prospective study.
Endocr  Metab  Immune  Disord Drug  Targets.
2024;24(15):1842-55. pmid: 38676519 doi:
10.2174/0118715303307313240315162000

Krysiak R, Szkrobka W, Okopien B. The effect of metformin on
hypothalamic-pituitary-thyroid axis activity in women with
interferon-induced hypothyroidism: a pilot study. Exp Clin
Endocrinol Diabetes. 2016;124(2):71-6. pmid: 26895275 doi:
10.1055/s-0035-1565207

Becker C, Jick SS, Meier CR, Bodmer M. No evidence for a
decreased risk of thyroid cancer in association with use of
metformin or other antidiabetic drugs: a case-control study.
BMC Cancer. 2015;15:719. pmid: 26475035 10.1186/s12885-
015-1719-6. doi:

Layegh P, Asadi A, Jangjoo A, Layegh P, Nematy M, Salehi M, et
al. "Comparison of thyroid volume, TSH, free t4 and the
prevalence of thyroid nodules in obese and non-obese subjects
and correlation of these parameters with insulin resistance
status". Caspian ] Intern Med. 2020;11(3):278-82. pmid:
32874434 doi: 10.22088/cjim.11.3.278.



