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IMPROVE REVIEW BEZHE- 0 S0H®

FHPSRBET OIS FRIRETTEE. 2ANAT RARELEFTHNG. BAAEHEMBER M XTI b2
BENETS5EE, R TWRABREHITKE AF BESRINEEEX, MESIE. BFEEETERE, MMEPEFRERN

RERETESER.

IV E RN 5 B ARBR TN RETTHE
RTAL
BEEFHERHERAT

S ﬂél’:lj

OEEIEN (Atrial fibrillation, AF) {EA&RE WAOERK
BHRE, T-MEER. AF 3| EMRZHR, LDHRBETE
DIMERFLEEREREDEHRETRSRATREAN
£ 08, RANRBIM AF BEFHWEBTHE, et
HEAREE, XNTFMBREZEFR. DORBETEOMESMN
HNERERFRTSETHIBEFFEEENNE, B4 AF B
SRABAWL? NS AF MRER? AERELXTS
IHEERBRIHAEFTHAEIX S AF BRARE, FURIRTHAEFTHHE
S AF HREBEENG], R RRIIAEHAEREHITEEA
AF HRENEERE NS,

FRBRINEEFTHAERIT ‘B , B—WATRERERES
M ZHFREREER, SR RB TR BRI
MRS MER, BERIEOE ES. SR BERRZ. §
ERE. HH BTFUBSER, BAnURBENHITIE
KRB, EBRAE Graves K. TAMRREL. SLERT
%, HRET, AANEREHEFRIEKMIEM, LItk
EUNAREERE 1, FANEFREENNINEES SR
0.8%, 1.3% 2, RZSIWGIERA, FAIRARINAEIERS (FA7TSA
W) REMEMMEEOEKE. FIBGREBLE L ERR.
MEREMONRBEOMERKRNLEER, HR AF 2R
FRE DT EHZEZ—C,

©2022 IMPROVE MEDICAL All Rights Reserved

FITE AF WBRARZ—, FREEN AF BHEER
10% ~ 15% ¥, —TRXRFIEFREPIRERINAE E 2 00EE A BRI
BRERBRREESTEMELE AF NEKRERNAAREL
W, 5 60 % ERRIRERIIAMELL, FRERTHAEFTHEIA
EELETERIKIEN 3 ~ 5 15 s Frost RERIEMITT—
TUABFRAZ ), 3t 20 FEIEAZERIZSETHA 40628 IR T
£BE (20~89%) BISWERIG 30 RNHITHEH, WRE
BEMA AF HEHh, EREAM: & 83% (3362 ) BFR
Wizz B + 30 RAWIZH A AF B @BEBERTS
FITEMS. 10 FERA. LNBERFNERALEINGLZ
IEEBEAL AL (OR) 195% ClIERIMBTEELRE AF 5
BIIXBIEMS B M. FEIEK. RO OR. =M%
HEB. OITBERSE %,

—. BRBFERERGHE

BEIMNEHEFRFEMNRPARBEZE (Thyroid
Stimulating Hormone, TSH) . BIKARZE (Thyroid Hormones
Thyroxine, T4) M =FEFREEER (Triiodothyronine, T3)
BOREE ATHATE FRRAREVIRES, DIE R FIRAR RGBSR T,
BRBEKFEER BT DTS EERF M, F—LH
SIEEA, ERRBRAEY DAY T ER BT ERE SIE
HERAXRHERERN IR, FEREARET, 3 5
HERBHTHEPNRRRRNRGLES, WEERRE,

Yk SiE | Article Reading Guidance [ 1
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BEHEEE RNA RIBAERRALRRERNNERR. #8d
XA, OHEEENSHRZERE, MMSBOAAEATD)
BEFERS, MEIFERARET, PRERHFEDSFREHE
K (thyroid hormone receptor, TR) FoXAVESHHIRMIC
fERSaEtE, FIBATLMEBEREER, SIFREITHR
. Na /K" ATP B§Fll Na'/Ca** ATP BERYEMES,

Brl, EAEMRIEARRKEREEKTREISIEE AF
BEMEENNG, P3RFRBEKFASIIRKOEBE
. BRBRFEKIASS RO EEER UK RIRRRKTAH
B3 ROERBHREEN,

BERBEKTABSIROEBEN

Watanabe ZIZRAR T3 KTNSO B F R {HF4ERY
i8 (Action Potential Duration, APD) MEFEFFEEMN
mRNA FRAFBRIEM, SREW T3 WINT IMEERHR
DTAMBR, HEFEENBTEBTNEET APD, A
BB T B, Hu EATH S EARRNE. Al
BREMNBEET K, BENthER/NRSFNEAELE
AARAEAY APD K K(+)ii o-TPEM mRNA FMIEARKKFE
EZMBFVNEAALEN APD 4852, Kvl.5 Al Kv2.1 ERR
RAKFREAS, #—P UL THEASRELESELEN
APD FRERE, WREREE K(+) BRIEMEKRIL, APD
MBERAREAGEE, SBOBRIMRIFEKSE ], FREAH
INEITRIR, MITTRIEE AF RAEIET 7 AR ER,

R EKEABS| R OEEHED

BRBRRESS OINABNNEREZZAES, BRE
REFEYE, NMAENONAREHERRENFETIER.
B7l, PFRBERLTRESKERS, FAERARS HE
HFMAEE-1 (ET-1) SRMIWIEM, ET-1 BIXHOA
MBLIFRIENEZER, SRONAREXR. ONEE
07, REOEWIERNSRMEEAREMR, LERFIRMEIG
%, SBOBENARMK, DERET K, RS EE
I, XLEZHRITREEREEA AF RERESHNREREZ -,
B, OENARSLF—MHRERORS, WIELDN o
jun. Fas FREEASEHFELSNER-MELKERSR

(Renin-angiotensin System, RAS) REBNAZIE(ER, BEAT
EREMSBTCERGH, ERAS0AMRBET, #H—
TESRERIE. WIEEHISRIMEEDMRSS, K AF 5
— M EHENRE,

BERBEKTABSIROERBHIEN

BMRALN, BANSRREERSHRT REOEEN,

2 [ x#kSiE | Article Reading Guidance

EESHTOREBEMETE DR REATTEEROM
BER RAS BIRHEROABEFHERETRERITET,
HMSGRBSELNATIREER, NMABEER, B Bk
THRRRRZERONARE -5 LRREZEBSEM, 1§
BT B LRREMZ SMBENOENRBRE) LR RN
MR, SHEIWETREERE, MMAKRESTRED
BERBIEER,

=. BRAHEHBENMERKE

XERAEM, AF REZIINMERIEFRXELIE AF
BES 5 8. BA, BASH AF BEETREMMERE?
18T PubMed. Google Scholar #EZRAMEAFTHEX AF 25 LLIE
FRER AF B E SRR ZE PR TEES N

Chung-Wah Siu &EFEZE 160 ZRFL5HEH AF BE.
160 BFX AF WETEE UK 160 BERTTH AF BEERMD
MEREARRERBRITT IR, BEREM, E—ERE
A, 23F 15 8 (94%) BL5IEN AF BE. 5 &
(3.1%, p=.02) TERTTH AF BE. 18 (0.6%, p<.001)
T AF HWERFLEEWMRD TRRIVEZF, RSN AF &
B, ERMISHTAMEL, BRINEZRAREEMXFIEI, Xa]
BEIRTERITAH AT BENREERNEAT. B —IHH
5, 562 BRTLAH AF BE. 100 B&HE AF FIRTERELL
T 107 BT AF BEHITT 7988 3 MM, BTNE
¥ D-ZRAKFERIFEMENG, EREM, FAEH AF
AR D-ZRIAFKFBEEFTTERT AF A (0.66 = 0.06 vs.
0.34 £ 0.02 mg/l, p<0.001) FF AF BT (0.66 = 0.06 vs.
0.27 + 0.02 mg/l, p < 0.001) 22, XFRHF, SLEHW AF B
EiAtL, BAEH AF BENROMZEREEXES, B
BERIETR AF BENSERSHERMEZEFHIXE, Chan F
BT T —TUAHASERRST, 38 1997 £ 7 B ~ 2011 € 12 AK
9727 EREIFMRMY AF BEANTIE, HPE 642 &
(6.6%) FIBRTEEEERAM AF®, S£REI, FEISUHRAM
AF 8981 2 R, B 50 BRERETRIOMEZEHR (78%) ,
F7UiEX AF BERRHXIRE (BF3.9%) o

AT, RE—TIXTFInE AF AFINESEMAFIERR, X
20057 B 1 B ~ 2008 £ 12 A 31 BEEEREEFA—R
ERTiZHT AF BY 182678 ERIAEHIT T AIBEMFES (715
PEIFBTIEIN 1.5 ) , ARETERREEREEASHAKIEA
5REMERR MM ZFRRBXS, ZERMNEMYREIEES
FIlGARSSERIER (55 8 hR) ARHBIEHS, 72 AF BEPRLIMH
RSB MIGRRERE., XFRAGH AF BERSE
RAEMMENOEFELHMR. BAGH AF BE, BIUR



ENANBERUREREHITHUEDATT
b, XFRFTEREFIT AF &

AF FISBHHRERERK, BEXYE AF AEGRE
M, FERE. WT AF BERIFNEENZ RO, FH
AE, FHRERETEORMESHNEE, SFRTAR
##1T AF NKBAREEEERE N,

Tanase EAIE 791 & (700 BLIEM 91 BEM) BIRER
EREUFTEEE RIFITHNZIRNENN T PRERTIRERETSAE
X AF KRR, RIBRPRRREKTESRT 5 AHS5)
£ 6 DAMUR 12 MARENERIRRRORITGE, FETEHR
RHARIETIGEN AF RENER, EREM, KSWEE AF
WEEZIDEERAH, Gt 34.62% SHREABELE AF
HrEkREARE: &% (RR = 1.97) M 60 FLLE (RR =
1.33) , URMAREBERPEFEDTOE RR=331) « B0
£ (RR = 1.46) FOLFEEBT 80 /538 (RR = 1.38) , &
2, TitRIGERRMERXERLIGKRKRIMAN, BAAsERER
EABEERE AF NRIEINEX, XELERBRANETA
BHR1T AF KIS, REWE. REET, 7HEEFNT
P EOMEERNRE, TTIRE AF HOHZE, FBHAKZEH,
DARBELOERR I EREXEK!

. WEREREBM AF BENETSEE

AF ERTIBERZERENORERELE, BAXNTH
KBRS AF BEZIFEFINATSEE? FARMRBHITOM
S HASTSERIEENL? XERFEH—PHIRR
551

MRED, HRRRIIEELTFABRSH, AWSEsE
HEEEETREEEARFSEEOE, Fit, SITRRRYE AF
BE, AT LNAMERRBENWELINE, B 65%HNEE
EABIRRIRIEEEEIRSE 8 ~ 10 ARSBTMEEES
PR, X T EMERIRERINAE S EE B RAEBTTIE
SEMOENESE, AEROEER, AMERAERER 1%
(A—ZEETHEE *RE,; IC—AKEMETm)mimE) = m
X (RRHER. SIEFRFHERTIR &,

Hasan FABELERPAMNPRIBIEEESERRHRE
AT AF RAERERIAINTREME AF SHRREE,
NRPBITHEERP), Nakazawa FAPIHITT —IN[E MIEH
R, X 163 ZERRERIE AF BEHTFY 34 DPENKES, B
EHERRRSEN AF BENREEERL. SRRUEBXR
PENEBESR, TRRBRMEESRSZA, AF HRKE
BEA 13 MH. MRBEXTFRRBEEERS 4 MARE

©2022 IMPROVE MEDICAL All Rights Reserved
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M AF, WASREBRT, XRABINREAEFIRER
THAEIE RS2 Al AF FEEETEIRET 13 A, HBEMRE
EXTRRBEBRSHNBENAEE, W AF BRIREN
SEMOENTRER), VEERNTERRBRIEERES
16 BEG#TT.

FI, BRABBESMRIELT BAAEH AF BENME
XE=EM, EBEEEEFETESIN, EtIaKREETDIREH
FUEH AF BENTEATH, BRihEINIRIE CHADS,-
VASc S ITHENATT SRERIIERE, M 2014 5 AHA BEE
BIEEMEASGH AF BEIATHEFWTE: 1 H#E:

(1) BRIERER, AF SHPEERFERPZ AT
DEX (HERF C) ; (2) HTFEEEMPZARMETTI,
WEFIFZEMIERILEEEHETIIEROER (GHEES C)

A g

AF A YRR B AN EY.CBE 18 D00 BE A A% 2B AY
Rpe, XEFRATERMGE, RESHRE. ANFEOLNRE
IBETBOMERR. MR, 5FRIRThEEER ABE
tb, FRTTREN AF RRKBELN, BiEEFRAIEKMIE
e Ht, EFEIANHXERFTAR, TILHRTERENR
BT AR#T AF IKEIRES BN TREM T RERIBEN
AF, HNEATFMMEWRTSERE, AIRKBRDOMEREF™
BORMELE/BNRE,

2EXE

1. Garmendia Madariaga A, Santos Palacios S, Guillén-Grima
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2. Hollowell JG, Stachling NW, Flanders WD, et al. Serum
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population (1988 to 1994): National Health and Nutrition
Examination Survey (NHANES III) J Clin Endocrinol
Metab. 2002;87:489-99.
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4. Biondi B. Mechanisms in endocrinology: Heart failure and
thyroid dysfunction. Eur J Endocrinol. 2012
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hypothyroidism. Mayo Clin Proc 68:860—-866.
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Low serum thyrotropin concentrations as a risk factor for
atrial fibrillation in older persons. N Engl J Med. 1994 Nov
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FHXMBEAZIEENUSIFERSEXE, OETHERTEEBHLOOERR, ARAM, 49 10% ~ 30%HEH

BHEASIEN. BRTYSM0E. BRE. EEASELEESEAR, FAABNERERIENATESHMRS KT,

SENBEERZF

Frost L, Vestergaard P, Mosekilde L.
Hyperthyroidism and risk of atrial fibrillation or
flutter: a population-based study. Arch Intern
Med. 2004 Aug 9-23;164(15):1675-8.. Erratum in:
Arch Intern Med. 2005 Feb 14;165(3):307. PMID:
15302638.

B/E

ER LEHhERREEEFTHENE L OER. &
SHLE, REBREENEEEETRDN T RREEER
BEOEWEZENXR, MAREITTEXEEEE, FKi0
&Y 20 FETEAEERIZETEMN 20 ~ 89 ZHIRARTIRE
FUHEENEERK,

BiE: BIMEAZERBEFICARE THRBEREE
BRSHT A FIRERINAEFDHE S, TEXLEEETR, FKilH
ETMERIZEERAZHIE + 30 RIS BT
BHHEE. RIVMERSERIEDRITELES. 10 F
A, OMERRIIEESE HNR G [BIXRBERI B
(OR) #95%EEXIE (CD) o

LR 40628 FIFFLEED, 3362 Fl (8.3%) BERFTH
BZHIE £ 30 RNISHTABIZEN UTRRSE
B EINIXOIEX: B (OR: 1.8; 95% CI: 1.6 ~
1.9) , & 10 FEMBELR (OR: 1.7; 95% CI: 1.7 ~
1.8) , BRAMMOAER (OR: 1.8; 95% CI: 1.6 ~ 2.0) «
FEMMAECIERE (OR: 3.9; 95% CI: 3.5 ~ 4.4) FIOEE
iEREZR (OR: 2.6; 95%CI: 1.9~34) ,

6 [N szikisE | Article Abstract Collection

it Bt FEK; ROEOERS, TOMEOHRS
FMOEIRERS BB E RS E NI X g INE
*0

Tang YD, Kuzman JA, Said S, Anderson BE,
Wang X, Gerdes AM. Low thyroid function leads
to cardiac atrophy with chamber dilatation,
impaired myocardial blood flow, loss of arterioles,
and severe systolic dysfunction. Circulation. 2005

Nov 15;112(20):3122-30.
BE

BR. BARRRIEERERS ONRIEEX, BEHNEE
SHMHRRBRERERES SR ONIRE,

FEMER: B 0.025%NAERAEE (PTU) AT 6
A (pTU-S) A 1 & (PTU-L) , FEMEARFIRER
hEERB. MEBELHENE. EO0E (Left
Ventricular, LV) [RBEIAZE. 9BHNOANARKE
(KOH 77%) « (DAUMRE CRAMIK) « /EhRkES
WEFNERERE (FHRENE) o PTU-S M PTU-L KX
BOOOMES. OF. LV BEE. LV FMH%. LV 4
T BAINIEEREE R PR, WRARHRRY LV AIfZTE PTU-S
T 40%, 7 PTU-L AFIEINT 86%. PTU-S Al
PTU-L KEREFIKEARY LV ARERRT1E0, ERE PTU-L
ARETNAMKESEEIN, BARNTRIIAT,
PTU-S fl PTU-L KEMEEMNRA (BRE) OAMLRE
R, MURSZHERT PTU-S 1 PTU-L HUNGHRkKE



BEM/VNERKBRIERLD (FFLERFIELE, p <
0.05 KEK) o AFE/MBEM Ca*-ATP E§ (SERCA) -2a
M o-ALERE A BN RIAE FRERIEERBERRL,
TRSASESRN p-AEkE B ERAIRIAIL N,

&g REVEREREL, BREERRENZSE™
BRVHITHEWETREERMNOEERR/EELLIEIN. PTU-
L RERNOEY KERT—RIIANEEM, HERNOIR
18, FURBRIIGERIBAER T EhRkE BB RS EVOAN
M5 Fitt, HITHE TR E T IESED
FIRIBHY 2 DEEATHHIH

Zubair Khan M, Gupta A, Hodge J, et al. Clinical
outcomes of atrial fibrillation with
hyperthyroidism. J Arrhythm. 2021;37(4):942-948.
Published 2021 Jul 7.

BE

BHRNA: LEEE) (Afib) ERRERIIRETTARER—7H
BRI, BRIHERZ Afib HERHERRERIAETT
HHEVEERBVEE.

FBig: BINMRIRSERRERINGETTHR Afib BEMELL,
Afib FIFIRERIIBE T TH AV B E B EIFRIIRRA R,

RAE: HIERBEY ICD-10-CM 4RIZZEIRT 2015
~ 2017 FLEERRASREIEEFRR Afib FEFRERT)
BEUHERERIE. BEEBRN Afib MERTH
Afib XFLH,

HARGER: ZHRXT 68095278 BEEHIT TR, HHf
ET 9727295 & Afib BE, HA 90635 & (09%) £F
B, 5%F Afib WEEHELL, B Afib WEERINE
JRERES (0.9% vs. 0.4%, p <0.001) . FAZLEMI
DIMAEESMERREERRE, Afb SEFMEELR 2.08
(CI 2.07 ~2.10; p <.0001) » S&EETH Afib BH
1L, BFRITH Afib BEFEFRE (71 F vs. 15 %, p <
0.0001) FEEATERLZM (64% vs. 47%; p <
0.0001) o BEFRTTHI Afib BER CAD (36% vs. 44%,
p<.0001) « DEE (24.1% vs. 259%, p <.0001) . i
B (6.9% vs. 7.4%, p < .0001) « BIIE (60.7% vs.
64.4%, p < .0001) . ¥EFRE (29% vs.32%, p < .0001)
FOPE Z=MEBEARIT IR EHF A BB (10.5% vs. 12.2%,
p < .0001) » RFBEMNEREARME (14968 =T +
21871 37T vs. 15955 5T + 22 233 &L, p < .0001) ,
FPIERRATEIEAE (5.7 £ 6.6 K vs. 59 + 6.6 K, p

©2022 IMPROVE MEDICAL All Rights Reserved
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< .0001) , BERSETZ{R (3.3% vs. 4.8%, p < .0001o
Afib B BEMNERMEARE (51% vs. 425 p
<.0001) o

£i0: FRTENZTENRT, 5 Afib X, 5
REBRTH Afib BEELL, BRI Afib BEEFITH
IfERES R

KA OERKE; DEEh; B

Wong CL, Tam HV, Fok CV, Lam PE, Fung LM.
Thyrotoxic Atrial Fibrillation: Factors Associated
with Persistence and Risk of Ischemic Stroke. J

Thyroid Res. 2017;2017:4259183.
BE

BR: ODEEE (AF) BRRBRSERERLNOMER
Rz—s RA—MRBEZBFRIEEM, XAIERTE
KEER, FInsRmiEFX.

FiE: BATF 2004 £ 1 BE 2016 F 6 BE—RKMXER
T T —IEIPMERATIRRZY, LIGE B0 EEEIR R
RSB ENIEFRIHENSR, FASSHEE OB
FOER IR KRR B AT RE R 2o

R 7T 1918 BIZMTARKBRSENSZESD, 133 &

(6.9%) BELIM AF. 89 B (66.9%) BEXRETHR
MSEMRER, Hi 85 B (94%) BEEFRERINEELES
ZHIEZE 6 TERRETERER. HR 4 A
(33.1%) BIFEMET, FREEIEBENTRIMEZEH
REXAHRF LIETEHEAEUHRMNEE (159% vs.
10.1%; log-rank 0.442, p = 0.506) o KEFRIMIEZEFHY
BEERIRK (7111 Fvs. 6216 F, p=0.023) ,
FFH CHA,DS,-VASc IR BREANES (29 +1.7vs.23
+£17, p=0.153) o WRIEEL GEELLELEA 4.9, 95% CI
1.8 ~14.0, p=0.002) . WANAELEER (FAELEL
7 2.6, 95% CI 12 ~55, p=0014) , UNEZTLED
M, IZETRSER BRI FRRER KT (AR ERLL
fEEE 7 2.1, 95% CI1.2~3.5, p=0.008) 95 AF HUiS4:
FEHEX,

#iL: ZNZ—MBEFSIFTRRRSNE AF, FAE
FRBRTHEEIER 6 TART AR EBRIERERIL,
ERERHFERRESE AF FFERRANEE PMERE
SERMMEZR PR LR, FERFEN AF BXERRNEE,
TEHREFA, T 6 MARETEN, WEKRNBHN
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BT, PREERM M ZRPRY RIS,

Ponomartseva DA, Derevitskii 1V, Kovalchuk SV,
Babenko AY. Prediction model for thyrotoxic
atrial fibrillation: a retrospective study. BMC
Endocr Disord. 2021;21(1):150. Published 2021 Jul
11.

B/E

EENE: BRAMOEEE) (TAF) 2AIAMRTH—
BEHLE. PHIRIZE TAF BMAGHERAEE
BB, JAT, |\RAFH, Baf&E—MERE A
BUHARNEHW TR, Hltt, AARWENRRI—
TAF FUIMREY, HFFEHEEESIRAT TAF FUNAFH
BEMHTHE,

A% MXEERRR, FINT 420 ZEARHER
FLEEN 36 MAOFKTEMIERFDRTTIAZ, HH
30%RIBER TAF, B, BELMMGAITEAETET
XUHHIES TAF MIXR. AE, RIAB 8 MARMIH 2
FIDEBIEL T TAF TSR, HEIEEEER
SHENTHTT HR, XEARRIEIE 10 PMFE, XEFHE
RREEIINIRRSMEMMRE G HNEREEEN. &
&, BITEINBEIRANMRERLBREPEHN
TAF FUlgs#1THEZ o

R RERIFRISIRTUIERL R ARSI R ) 3588
B, ENGEEREN 84%, ENHE LR AUROC
A 0.89 ZIEBLEL T ARFIAIFIAY TAF KELEZR, WF
e MR, FRUIRBRINBETFTHAERYIFEEATIE). (ORI —Lf¥
REROIERS (GIRKSMIEMBRSOXR) . HITERN
FHRENELREENN TAF FUNRER, MERHRE
HHETED TAF FNEFEE (REEMHF) PAC.

PVC. BURBRINRETURHAERFSATIEL. FURBRINAETUHAERA
BB OERFNFES

#£ie: BIVFET—TBEFIN TAF BIERFSIREL,
EMYFERE—NATETF TAF XFENST IR, 1t
5h, BITEX T ENREEN TAF FUlAF, BEEKE
FENEHREEAMNTMNEF, XEERN TAF M
MRS TSI, HefF s —PRaEn, METF
TAF FNRB#H e IR S ERE B,

KR BT, OEEE; BAaMOREEE; MEXL
75 TUIREY; HEsFS)

8 E HEREE | Article Abstract Collection

Ellervik, Christina et al. “Assessment of the
Relationship Between Genetic Determinants of
Thyroid Function and Atrial Fibrillation: A
Mendelian Randomization Study.” JAMA
cardiology vol. 4,2 (2019): 144-152.

BE

EEM: ENREMRS, FERRKIRE (FT4) BN
REFRBERALOESEEH (AF) RRIZMEX, EBHE
ERMmE AR,

HRER: IHERIREISFIERT AF BOBEERRE.

®it. BENB5E: AREINEERBENE (MR)
BIE 11 TR, S47KFE MR 83 55114 B AF 5&f)
0 482295 RBEWR, FAEXLARRUMMS:,

2B 2ERASELRWAFSECENTENL FT4
MEFRBBEKTE. FEC=ZMPRREIR

(FT3) : FT4 tb=E, FRRBERBRE. fRELFRER
TEAAEB AT IRERIRE TEHER TR, &H1E/R
BENITERR SR TR ERRE XSO SHTE 2 MFEERR
MR ERAT 8N RRERSSHENL S REEE.

FTEERMEE: ZBMNEBRM AF.

LR HAFUKEDEIE 7679 B AF BEM 49233 25
BWR [FHEH (REIRE) 2 (3) %) 15859 &F
M (29.7%) 1o TEMRERENRZZEDTP, FT4 KF
(BnFHz) T AF BSCR2REEEH 1.55 (95% CI 1.09
~220; p=.02; P=76%) MESTEARDNF, FT
4 AF B9{EZ5LE (OR) 9 2.80 (95% CI 141 ~ 5.54; p
= .003; P = 64%) o FT4 BEEXRITSDS FT4 110
0.082SD (AWEIRZE: 0.007; p <.001) BX, B5AFE
X (RFEEL: 0.84; 95% CI10.62 ~ 1.14; p= 27) HEiB
B AF (OR: 1.32; 95% CI 0.64 ~2.73; p = 46) o TEL
BERAEIRBENN MR 1, BEFEREK FT4 12
EEERNSHEELX (OR: 1.01; 95% CI0.89 ~ 1.14; p
= 88) . #AmW, ETEEM FT3:.FT4 LEFEM, BE0
BN FRESERIE AP RIFIIAERIRS AF 8%, &k
FENMFENIIEZ OR 735059 (95% CI: 1.08 ~ 1.63; p
=.006) , %79 0.88 (95% CI0.84 ~0.92; p<.001) A0
0.94 (95% CI10.90~0.99; p=.009) , FEXKFZHHE
IR BIREN. R, 5588 %EMPREIENY
ESIAACEN RN IR FE R R S SETES
AF X, BETEERNFPRRINEETTHS AF 18X, MR-



Egger OR 9 1.31 (95% CI: 1.05~1.63; p=.02) , #H
KFEZHMBERE (p=.045) o

Lin YS, Tsai HY, Lin CY, et al. Risk of
Thromboembolism in Non-Valvular Atrial
Fibrillation With or Without Clinical
Hyperthyroidism. Glob Heart. 2021;16(1):45.
Published 2021 Jun 17.

HE

BR. BABERELETH (AF) BXRES. A
i, FRERTIREFTHIER AF BELZEMISHEESHIX
MEESMH.

Bir: ZMREEARE B RIRRINBETTHIERN AF
BEREMEIEERRINIL

A% £EERMETFIRNENERABSRE FAIZE
RERRIOAREIBE. AT ICAASIFIE S
RIMEAR, LHRIGRFATIN AF 8% (HT-AF 4) fEH
FTH AF 82 (FEERER AF 4B) , H™ CHA,DS,-VASc
KFTAD LR, ERERMZEPNE S Mg
=,

45 HT-AF A5 3880 I, IEEIRAR AF AF 178711
B, EIMEMITR I, 7F 43 + 3.2 FHREHHEN,
HT-AF BEMSERESHMROGEZPNEERRTIE
FUIRAR AF BE (D5I2E 100 AF 1.6 5 vs. 22 F
f; HR: 0.73; 95% CI 0.64 ~ 0.82 A= 100 AFE 14F
fFvs. 1.8 B, HR: 0.74; 95% CI 0.64 ~ 0.84) , XLt

BIEESHAESNRIIFIN AP RAEE. EAER
FUETIBY AF BES, CHA,DS,-VASc 4 < 4 BY, HT-
AF ABVERIM 22/ RV M1 TBI R S ERA R R
FIAEFIRAR AF 4B (HR: 0.41; 95% CI 0.35 ~ 048, p <
0.001) , MiTH > 58, ERHEKL (HR: 0.80; 95% CI
0.63~1.02, p = 0.071) o

538 SIFFIRER AF BEMELL, HT-AF BEMigteEE
VR ERRIN, IGEKFRTTAY AF BEHURRY CHALDS,-
VASc W5 BIERGE—T b,

=R BrAEROEEE (HT-AF) FAEREFOEERNE
BN MR ERMREERRE; £ CHADS-VASc < 4
B, FRBRINBEFUARRIE IS EEMHHINEG; Rt
— SRR RS TR AF BENEL, TEHERE
CHA,DS,-VASc R BIENERT;
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IMPROVE REVIEW BE8EE-I00 %

K. BURERTORETTHE; OSWED; MigtRE; FRiffE

ZEeh

Selmer C, Hansen ML, Olesen JB, et al. New-onset
atrial fibrillation is a predictor of subsequent
hyperthyroidism: a nationwide cohort study. PLoS
One. 2013;8(2):e57893.

BE

By AR ETEENRERERTIKANGL, B
WERThEETTH B ARFT AR EHE (AF) MEREAE
%, Bk OETEIESREINERA LR FRRIIEET

BEHRER.

FEMER: FIE 1997 £ 2009 FEAZERTE AF
ANRIEE, 1B afIMEER T R RREYNIER
9B £ EBIB M MEIKFEXBCRAE, HRRT Z Al
ERRBICHEERARRBRAYMNESE. FRIRIER
BHEM R BRI 9 FFIAEE A R ERpk M o R B R M E
KX 13 &, BANKREDAMEIEEEITI,
HWEBNRREA R MBS HITIAE, SEARH
FRIERIRIRAR BEERSE, HAN 145623 BFK
BEIERE [FHER 664 % (SD = 13.2) , 553%HF
], Hep 3% (4620 fil; 622% M%) ENRGEHI
BT, ME@BAEE (n = 3866889) RE 1% (48609
Bl; 2% AE) o AREMBEEFR, BINKUSER
ABEAELL, FIABEEXNRAXCSEEN. PES
MR RS, MEE 13 FRMRBRIFEEM, 4
REN 527352 EEZERRBHENEZHITHFH
ROMPREBEE,

#£i0: MAETUFERITN— I TNER. MiZESH
KA R EEEE N ESRRERIRE TR X L,

Parmar MS. Thyrotoxic atrial fibrillation.
MedGenMed. 2005;7(1):74. Published 2005 Jan 4.

BESNE

WE: DEUHRFIIRELNOEHARE, 7T 15%F
AREPRE, CE5MREENRESXREX, MmigieE
BESRAREHERS, ORTUEIITXLERERHNAS
AL EHREREE, XEBEFERESTE
FIOEZRIRIE, FRPRRINBETTARIEINERE,
METFHER K RERMEFERELM, RbSE
MHIEBRERL, FIKRGRRBET PRIRSE BT
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10.

B,\J"IEQEEO

NA: —I 52 SRR T OIENRESEER.
RDEOEER, OERMIVR, ARFEHH 157 Ko
wE 1 FENEE, EEEN 6 MAR, MAETR 1S
B, HHRHRHAR, B SR, 2EK
o MEXRY, tERERIRMFRE M FFIRARR AT
Ro FHEREM, OERHMNENRE, FAEEENAERH
THERRBRTIRERE BN, FRIRRIEER (TSH) KFEZ
&I, 79 0.01, HFEEFRERE (T4) A%, 79 60 pmollL
(IEE{EAN 9 ~23 pmol/L)

ZEEERCRIMALE? @ 2RRRESEOE
BiEhEEMEIUR AR OIHERIEFESS. AR
BRAYNRTATERTRERXOIFFRE (OETE
FONRIE) NEE, B, NRBEFLLBIONIR
IBEYEEIR, MUBRT ISR RAVOESS, EEIRY B RN
FRBSEBRRASEYATT. SHBATT BinZEih
DERMEFAEXOIER. N5 RRERIhEE TR
KERZBHRETTHIRT, B-B_ERRRAEIRIGFATRESSAIE
Fo DIERERMNRFRBERIRESE5HEBENE
i,

Giirdogan M, Ari H, Tenekecioglu E, et al.
Predictors of Atrial Fibrillation Recurrence in
Hyperthyroid and Euthyroid Patients. Arq Bras
Cardiol. 2016;106(2):84-91.

H/E

BEENE: OEEE) (AF) RRARERNOERE,
10% ~ 15%MPTTEESREXFOEKE. FRIEFRRE
TIREMEIER, SMXTFE FRIRIIRETTH BN L ETE
BE, AYHEERREFNE.

BN AARHNENSIMEEERITRAFRTTEE AF
ERINEZR,

M5A%E: BZMREE 33 SRREIEETHE 21 858
%) 48 BERIRDIBEER (17 BB BERERSM
AF BIBE, BETERED VB LBEENFIoEN
PRAMCERR, ICREIMERE,

SR PRRTHAETTHAMNTIYNEILTIEN 23.63 + 3.74
NA, BREEEEREAN 2278 £ 3.15 MA (p =
0.51) « FHENBNE 148 43.8%) 21 & 44.7%) &
EEREE AF (p = 093) » SENSTEEIADITE

10 [N 2B E | Article Abstract Collection

11.

12.

™ BEHENEREMEANE—TIRR, Radn
EbELEE7T 1.38 (95% CI 1.05 ~ 1.82; p = 0.02) ; FIRAR
INEEIEEALLELLA 142 (95% CI 1.05 ~ 191; p =
0.02)

Derevitskii IV, Savitskaya DA, Babenko AY,
Kovalchuk SV. The Atrial Fibrillation Risk Score
for Hyperthyroidism Patients. Computational
Science — ICCS 2020. 2020;12140:495-508.
Published 2020 May 23.

BE

RRERSE (TT) 5EFCERMOMEFETRNIEME
Ko TEMPRBSEHLEZ R OB (AF) .
IEHRR AF TINEFEBTFES A RIEEAE SN IGAYER
RIFFIESF AF (The thyrotoxic AF, TAF) BEHTR
BYFEA S FRERSEHI TR EIRG. TARNEE
Btr2eZ—MSEPRar AiZHT AF 757%E, ARRE
T TT BEREFTRXPCATH G 7E, XH75E
BERTHAENR R, XEETIEBLERINTR, BE
RERRIRSERERNRNEIEN. RIMERNSEFIS
EREFELSMERL, IRIEZSUIAEST B, SMIREES
MRS, A= E AR TN EFARBR S AF BIR
EHET R ERERIFINER, XERERRENERERRE
2, Fit, BRAILENRT AF NEFZRIZFR
HREY (decision-making system, DSS) HI—ZB57,

XA BERR; TRESE; NEYS; AR
PRRBEH R 8155

N J, Francis J. Atrial fibrillation and
hyperthyroidism. Indian Pacing Electrophysiol J.
2005;5(4):305-311. Published 2005 Oct 1.

BE

10% ~ 15%MERTTEESHIOEEER, MFFRRERER
ERZ0ETN— M KRER. PREZREI4ERE
ENPEERfUHFERRTIE). HEoRAmERDK O ZRARAY B B EANAR L
SERIRENE O AR B A IR, MMIRERUOESR
EiEh. BB THES BRI RASRRTOERE
BREZRIEM, MISBRTXRTS. BEOETERIF
TURE, LHEEFA, BRENREXRES, ALFEE
T TR, BURBRINDEETTHHERYATT RIfESIA 23
NEBERANZEOR. B-RARHF AR DR TEENE
DEBENOE MOECERRE. WIRKRTHSETEE



13.

FNB, AR ABT AN B-ZAEATAEE K
B, MAFRIRBRRIATIEINRIETIRK R TR G
Bl

X D/EEED; BT 12

Salem JE, Shoemaker MB, Bastarache L, et al.
Association of Thyroid Function Genetic
Predictors With Atrial Fibrillation: A Phenome-
Wide Association Study and Inverse-Variance
Weighted Average Meta-analysis. JAMA Cardiol.
2019;4(2):136-143.

BE

B2 FREEFKTEIREE~ERRFREREN
RIHNHETR B =HERET. FRERIIEETTHE RS EHZ
HERBRESRS 2R, HRAIIARSEEMOMERRS
HNEE, THEEREERHNOEREEH (AF) .

BBy MERBEERRENRRBRREKFTSETRZERX
%O

Bt KBNS5E: XMeREXKARITM™T 1318
PNRE, XURAEERIARNEERAXKARHEN
PRIRE AN LERTUNEFEX, ZAREIERCND
SMB5%, 2008 £ 5 AE 2016 & 11 A, MEBHH
B REIERIIERUNAR MEHITT 2. DM
2018 4 3 AFFiE.

FRERMER: SPRBEFRKTNSEETNAFEX
BYIRPRIZE

28 BERRENFRERZRKF,

LER: 1E 37154 A, 19330 A (52%) HBE. FIRER
RELERNA TS5 RRIRIEERIBIEZEMEX [LHELL
(OR) : 1.10; 95% CI 1.07 ~ .14, p=5x10"] , 5H
KRERTNBETUH MR AVIZHT E MK (OR: 0.64; 95%
CI 0.54 ~ 0.74; SFEUZETHERRKER, p = 2x10°
) o MEIERRIRXEF, REBMXBKZETOENITE
(OR: 0.93; 95% CI 0.9 ~0.95; p=9 x 107) o L&
9801 &IZHTL FFRERAE IR MEFITER 98,
AF XKEMBZRTEE (OR: 0.91; 95% CI 0.88 ~ 0.95; p =
29 x 10°) o ATERXMXE, HIEARE 17931 D
FBEEFIA 115142 MR SERAXBAREESE
BREBTAENERITT RAEIMESHEZED . SKM
Dift—rE, FTUMRFRRERRSEIN—1 SD SETHXEH
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14.

15.

IMPROVE REVIEW BE8EE-I00 %

FE{EE>* (OR: 0.86; 95% CI0.79 ~ 0.93; p =4.7 x 10°
9 o E—HAFEHAT 55 FHIETRE] (n = 745) FFTER
A (n = 1680) 1, HEENEEFREHEKTEES
EERNS AF ReaAtEx (OR: 0.91; 95% CI 0.83 ~
0.99; p=0.04) o

LCRIMEXM: XIASREE, E4£E EERNERT
B, BHEERERNFRRIGELEREFIN—MREEHE
Fo AT IIRKRPRERERNIRFORKREE AF BIX
b2, RIETRITNTRRBREYIESMEN AF BIX
b2, MERRBREEREATT FRERTRE IR ERT RESIE N
AF BXIE,

Krishnan SK, Dohrmann ML, Brietzke SA,
Fleming DA, Flaker GC. High prevalence of
iatrogenic hyperthyroidism in elderly patients
with atrial fibrillation in an anticoagulation clinic.

Mo Med. 2011;108(4):280-283.
BE

EESRRFEAATTHERIZOETL) (AF) NEESE
EF, BETRTHONFRRERINE, AMEREEIGE
TR ERBRTHREFUHHERI RS, TEHURR JISHEIARY 215 &
BEP, 41 BESTRREECAT, HP 15 BREN
BHR. A 8§ FREM AF SRERBIERTERNE
£ IEoh, o, RE 22 BRSERREBRFANES
SEHI TSH,
BREER) 0E, 22, HFWIE TSH EURE,
AF BEMFR MR RERTHREFUHE PIRER BRR1IZ.

(thyroid stimulating hormone, TSH, {&

EHURI IZHERRESE AF BEF, PREERRE.
37% BRI EIHEREBFIRIRThRETTE, BE R EEE
RRENEFRRENATHNRER, HEES AF 18
Ko AF BEEREFIRERINEETTHBISNZR AT REWARAL,
ERFSEZRRREAETNEE LG EHBENMmE
TSH

Goldstein SA, Green J, Huber K, et al.
Characteristics and Outcomes of Atrial
Fibrillation in Patients With Thyroid Disease
(from the ARISTOTLE Trial). Am J Cardiol.
2019;124(9):1406-1412.

BE

EE (AF) EHPRBERSETRRLESSERR
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16.

IR AF BEREMAER, Ioh, ERREERE
ER, MECATTIITR AF ABX IS ERHIERIEE
RERIRDIHAR. ERIKIIIRL AF BERXAE
i EEHIARD, WRTRIRDIIS EEME
AF BEFRER (= 18201) , NEWBETERN IR
FREREREHITAE (FRIFTHRERIRIE. FIRARTIAE
FUBERITEFRIRERTR. ) », NEMBERIIRPRER
ERENE (FRIRINEERE. FURERINBEFTHAE R
IRESR) o RE Cox REMIAZEZHIR LA TFLLIRER
RIFERENER, FAEEXETN Cox BREKER
MNETERRRBREFRELERZEN XK, £E
18021/18201 (99%) & BETEHEHN 73 HIHEAFHABEF R
BRIERE: 1656 (9%) BEHRRBIIEERIRE, 321
(2%) BEEFRERINEETIHIE, 16044 (89%) BBE
RERREER. 58P RIRERENEERL, PR
BRINER B PRBEEAHNEBEETRER LY
(60.4% vs. 32.1%; 52.0% vs. 32.1%; WE p <
0.0001) . FEERARELAIEIHRENZR. FREE
RENIEFREREEER. TICRRIREREINME, R
IISHEEMBIEMEM GEEIER p > 0.10) » B2,
REZENFAEEPRERNEETERHI L FEE
5, BiINIERERSHEMNN, TILREHE PRIRER
B, FRDIESHEEMABLL SRR LIRS,

Traube E, Coplan NL. Embolic risk in atrial
fibrillation that arises from hyperthyroidism:
review of the medical literature. Tex Heart Inst J.

2011;38(3):225-228.

H/E

Bl

EE RS WAV AE, &8 10% ~ 25%HI88
BRABERE, T RABNRRESEREP, BN
BB RS ER RS KIS, PRESESHERS
ENEMEREREEBE. BRI SRR QIR
FMMEOHIREB, RIS OESEPERMEERFR XL
ERHRER. BFL5RAAMBXNBkLLIEENR
&, SREREAELETEhINGEHhHERRERNE
BRAREANRIHS

FERFUEFITR IR S O B Bish R MAS S T EER
BHNH. ERAREHSSEIERPRM THEETERE
Wo TELE, HMBIMTERZXBHHEE T BNEEILE
1, UREX AR ITH0E Bsh B E Tl Mmis e RS
(EVapr
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17.

18.

Kigin: FUERABSHIE, LETE/EAYET; Uik
RGN TR, 1eE/FPSEE; BIES; OERR
BAER; Bi/HREMRTRS; EIXRAEAE
f; ERERER; mieeEMpMNTE; PRBRSEHL
fiE

Bielecka-Dabrowa A, Mikhailidis DP, Rysz J,
Banach M. The mechanisms of atrial fibrillation in
hyperthyroidism. Thyroid Res. 2009;2(1):4.
Published 2009 Apr 2.

BE

DEEIED (AF) B—ERNER, BSMAIRENZmEA
Fo AF FERRE BN OB SIS IO MAETZ
BEBINES, XEEBRRATTRERNCE, SEIEE. XM
H&RH. AF REESE 15%MNRRERThsETHEE
B, ME—MRABERN 4%, HEESHEN=ZMPRRS
B (T3) PEZEFENEL. AF NETEEMEEFLH
ERMIE M, 5, TLIGPREIRERTHEETTHEERS AF &
EERIEHN 3 EEXNERER. FRRSEYBEIR™%

(RRN) RS (REME) EREZM. FIRERH
X AF KSBIRIEE ARG, SE%ETAD
ERBIEIIMOEMRMRIRAOEENAR, BROER
EINSHAVRI, R OEFOEEM, BHNSHKE
WAFH AF NEBRHGIZ— NRERAEEAES
&8, WERIRERE AF, FRBRINBETTR SEERBALEF
SRlgERER X, XHATRESE AF,

Auer J, Scheibner P, Mische T, Langsteger W,
Eber O, Eber B. Subclinical hyperthyroidism as a
risk factor for atrial fibrillation. Am Heart J. 2001
Nov;142(5):838-42.

HE

B OEBIEhE AR EAMBEIRERIIBET AR, &
ITEAEE T IRPRFRBRTIRETTHHE, FURFRIRRRER
1%, MESERERRETESCERN, XREERER
EOEBRNERER.

FE BITRRT 23638 Ao HRIBERIAE MERFRIRE
REHTHE: ¥ 1| AENERERFRBERRELESE
(>04-50 mUL) BFE=MRREREBIERR
BRRRETESTEANZIRE (22300 BZiAE) ; &
2 AEEMERFRIFRME (<003 mUL) FHE=MHE
KIRRSBMFERRBEEREASHNEE (725 8%l



19.

£) ; B3 HAGEMERFRERER (<04 mUL)
B SRR R BRI E RN R R EEEE
ANZIRE (613 BRIHE) -

LR B 1 AFE 513 A (23%) MERRREELE
& $F24AhE 100 A (13.8%) BREMRR; $£34
B 78 A (127%) BLIGKE . MERFRRERR
B (< 04 mUL) BENOEFENERERN 13.3%, M
MERPRFRREEENEEN 23% (p <01) o 50
BREFREBERREEENZIAEMAL, DERPRERSR
. BE=HPRRRERNEERREEREEENT
REREETHMEITXEEA 52 (95% CI 2.1 ~ 8.7, p
<01) o

it MERRBRRRERS IO EE TS E
5 B E, TWIGERMAERE A FIRIRINAETTHHAE Z 8% B ER
BMX%s (Am Heart J2001; 142:838-42.)

Heeringa J, Hoogendoorn EH, van der Deure
WM, Hofman A, Peeters RP, Hop WC, den Heijer
M, Visser TJ, Witteman JC. High-normal thyroid
function and risk of atrial fibrillation: the
Rotterdam study. Arch Intern Med. 2008 Nov
10;168(20):2219-24.

BE

B5: BUAMILIGREYRITEE AR PR A A S SRR
I BRER. HIENEE—TET AR
RARERREYESELESS OETEEERIX R

FiE: 1E 1426 BIEPRBRBE (Thyroid-stimulating
hormone, TSH) KFIEEEEE (0.4 ~ 4.0 mU/L) BE
HEEEOEEHNRINEPRET TSH KFESOEEH
oz EIfIXFR. WHZA 1426 AR 1177 A, BITEGE
T EESEENAEE FIRARERKTE [0.86 ~ 1.94 ng/dL (3%
BASFREER, &L 12871) 1 SOEEEIZENX
B, TEFRMUREIA 8 EHAIE], HET 105 BRI EERHA.
ERRET S, 45 BRIRE. URIRE. FEREE.
WZEE. mlE. OIUEESE. B 0NRE. OBEL
WAEGERE. ¥ERRE. S AEEEE K EAHMER A B E]
&, B Cox LLBIBEEETET ZKLL (HRs) M 95%
EiEXE (Cls) -

#R: VEFENRKKS TSH KFEX, STEEEG
BJ HR 7 1.94 (95% CI 1.13 ~ 3.34, ESHREENL
; 8% p=002) . ZLEREENHEFRREEKTE
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20.

21.

IMPROVE REVIEW BE8EE-I00 %

S50BHoXEESRFEE (HR: 1.62; 95% C10.84 ~
3.14; RESREMDME; #EFp=0.06) .

0 ERRBRSMERTER, PREEESHAL
A ERI X RIS N,

Aras D, Maden O, Ozdemir O, Aras S, Topaloglu
S, Yetkin E, Demir AD, Soylu MO, Erdogan MF,
Kisacik HL, Korkmaz S. Simple
electrocardiographic markers for the prediction of
paroxysmal atrial fibrillation in hyperthyroidism.

Int J Cardiol. 2005 Mar 10;99(1):59-64.
BE

BR: PARMEMOETE (AF) NEERRE. &<
AHERIHEIRAFIIRRERTTEE AF BIFNER.

FEMSER: FRARBMOALAR: $—4A (57 BBER
RINEEIERMEEAN) « £24 (33 BLIGKBEAE
&) . F=A (69 ZPARFEE) MEMWA (31 BB
ERAHCREMEYE AF BE) . FH4A (114 + 8
ms) BIERA P RISEETE (P RAM) EESTE 4

(102 = 7 ms, p < 0.001) « B (106 = 7 ms, p <
0.001) F1E=4 (108 £ 9 ms, p < 0.005) . {EEIIAH
MASH PR (PWD) 4946 = 9 ms, XEESTH
—4H (29 +8ms, p<0.001) . A B36+9ms, p<
0.001) FIE=4 (38+8ms, p=0.001) o SHEEMAIE
kb, WIRKRERTEER P RAEN PWD 5, ST ED
AR TR RER. Pmax ¥ PWD, MEZLENTET
Pmax 1 PWD ZFE&L % AF HEETUNEFo 37.5 ms HY
PWD EREMASHMAEDT, REEN 0%, FHE
7 85%, PRMEFUMERZA 77%0

gie: AF|NE P HAEM PWD B, BMAILURAIRE
AF MEREE, XLEBRNOEESHETIRRFIE
TP IGPRER LB EBRTT R Ko

Zhang Y, Dedkov EI, Teplitsky D, et al. Both
hypothyroidism and hyperthyroidism increase
atrial fibrillation inducibility in rats. Circ

Arrhythm Electrophysiol. 2013;6(5):952-959.
BE

BE: BIHERE, ORI RBER SRS
718 (heart failure, HF) B9#R. RFFEX], HF S5
EEiED (AF) BIXPRIEINE X, RACEHTEFIRERIN
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22.

BETUHSIZIN AF WREE, (BRRERINGERIEY AF 1Y
FMETERL. AARPET TEFREHEKT (KEH
RERTIRE LR B RRBRTHRETTH) XYERRBRIIBRARR AF
BRI

BEMER: IBRE | DA MEE RIS RRIRIIEERIE
BB RBRTIBR K R BEAL 9 79 R BR T BB AR (n =
9) . FRAFTHAELER (n=9) FERERINEESTHA (n=
9) o KEDINERZREF. 3.3 mg L-BRERE (T4) ;|
20mg T4 #177 (60 XEEHHA) , HWHA 2 MR, AT
LEREY, HINFIRERTIAERE (FR)  FURBRINAEIER
FFIRBRINBETE (F7D) RS FRARKRIMLOHAE
ZERLOBEURZEREFSKTHRERRME, TMER LA BRI OBERE
AFVOBETHREIG N, EFORAN B FUfE DML B R A
FEEAARMEBEIET (L, BEEELINT BHNBRE.

AF BHEFRERRAN 78%, ERTAN 67%, EX AF
BOREERETIEItE K, MERBRTHAEERAEN 1% (B p <
0.05) . FRIEMOEERLAEN, BEEEH 43 72

Mo

10 EARRFIRBRIBRAER D, FRIRIIGERRTER
RERTNBETTH M SHE TS BIEE M. HITHERSE
8, SIEEOEBERNTR BTN AF FEIE
BHRRBREEK T,

K BRBRSER; BE; OEKE; BEE

Iwasaki T, Naka M, Hiramatsu K, Yamada T,
Niwa A, Aizawa T, Murakami M, Ishihara M,
Miyahara Y. Echocardiographic studies on the
relationship between atrial fibrillation and atrial
enlargement in patients with hyperthyroidism of

Graves' disease. Cardiology. 1989;76(1):10-7.
BE

ATHRRRESEBELLVEANNSOETE (AF) 2
BIIRR, T 92 B Graves TREEHITTHE, TN J
£ (23 FEMM 69 B, 7 ~71 ) B, 20%EE

1! [N STEHE | Article Abstract Collection

23.

AF: 31%H 40 A LBEBREE, M 40 FUATHEE
BEET, BEOMEETR 40 FUTHWEES 7%. 40
S ERERTNEES 2%, 40 FLULERTNEES
WUUFEALEYT K (B 40 2XK) . HOMERAT
40 FHEBER, AF BEMNIMES=HPRRIEEFEIR
IRRMBRARIEESTIE AF B,

Tanase DM, Ionescu SD, Ouatu A, Ambarus V,
Arsenescu-Georgescu C. Risk assessment in the
development of atrial fibrillation at patients with
associate thyroid dysfunctions. Rev Med Chir Soc
Med Nat Iasi. 2013 Jul-Sep;117(3):623-9. PMID:
24502026.

BE

PREARR OIEREN M E RANEEF TR, FEE
—MERNOEREE, SRIMEMDERIMLLIRBH
BREHREZR,

B ESEANRIRIRIISEREISEX A0 SRR L.

MERISE: BITARNESS5EEHEEBE0MNER
RNZiEE, XEZHENPREEERSUFEERFE
125, HESHESTRRIRIBEIESIAT, RIEXLE
o, BATEX T —1E 791 BFIREAMAVERZTHOR,
HepfE 700 B 91 2B, FRE 2 E86 52
i8], FHERLYA 60 ¥, RIBPREBEKEDNE
H, HRARE, 7E 6 MAM 12 MARITOMEBEMRR
BRI T,

SR FINERE, ASBREVETNEERETES
BA IR PR ERIR AR THAE FUHEAN T I R B R BR TH RS RUR fiE
H, DFIA 34.62%. 38.6%. IERRMAABENTE
fEleRER: M (RR=1.97) A& 60 FUE RR=
133) , URDMAFRERPEFEDOHE RR=331) |
mME (RR = 146) FOZFBE 80 /758 (RR =
1.38)0 SHILIGKRFRIRINEERBERE L EFTMNE
BREMEAEZ: BB [RR =221) . BOFEF RR =
2,0) « FtE 60 FLUE (RR = 1.90) ML (RR =
130) o XFABRRIEEEMA p AT (RR=0.99) |
ACEI (RR =0.85) F/SHUOELRELHY (RR=0.54) B
BE, ZAMRRTBHLERELETNERPER.

#£ie: TERImARRATAIEBWIGRERTZN, FRE
THREREASER S R £ OB TEIRIRIIE B X, KEERT
FETERERRRNER ERKERE,



24,

25.

Selmer C, Olesen JB, Hansen ML, Lindhardsen J,
Olsen AM, Madsen JC, Faber J, Hansen PR,
Pedersen OD, Torp-Pedersen C, Gislason GH. The
spectrum of thyroid disease and risk of new onset
atrial fibrillation: a large population cohort study.
BMJ. 2012 Nov 27;345:e7895.

BE

BR: E—1AETIRS, HROETENGS R
BRINAERIEMIR RO

®it: EFENERBENIRE, B3 MARENEE
AR HERERRE o

M= SRR RRIARERE,

ZIE: 586460 BREARNZIREIE, 7E 2000 ~ 2010 &F
fRiEl e EEE RS HE B RERIhaE TG, HEZH
&8 RRBER I OB ERIHYIE R,

TEERNE: ERBMROIRERED FIRERTRe bt
FSEXFL,

SR TEARABN 586460 BME [FF3Y (SD) &R
502 (16.9) %, By 39%] A, 562461 (96.0%) &
WRERINEEIERE, 1670 (03%) & EEBMFRRINEER
RIE, 12087 (2.0%) & EHFIRBRIIAERIREL IRPREH
s 3966 A (0.7%) BEARET, 6276 A (1.0%) B
IGFRFATT, 5FRBRINAEIEHH MAMELL, (CFEERRIRIN
MR FIRARHE (TSH) KERREEMmILIN, MSE
HERRIRIhEEFTH [REREL 112 (95% CI1.03~121) ]
B WK EFRARTIEEST#, TSH PRI [1.16 (099 ~
1.36) | FILIGARERFTE TSH &) [1.41 (125 ~ 1.59)]
BA £ AL G AR AR BR T A RUR AE AT 5 #1955 BUXL R 4R
e

#£i0: EENSSRIRESERZIIEX, EHRRERIIEE
HRETNMRR, FRRMEHETNGS, FE
TSH K5 ILIGRFIREEREE MBS SRR,

Baumgartner C, da Costa BR, Collet TH, et al.
Thyroid Function Within the Normal Range,
Subclinical Hypothyroidism, and the Risk of Atrial
Fibrillation. Circulation. 2017;136(22):2100-2116.

BE

BR. DEEE (AF) B—IFEEENRR, AR
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26.

IMPROVE REVIEW BE8EE-I00 %

DB, PRMFET, MRS AT XPLEZRR T ##RTRE
SFETES. TIRRRTTERE R EETRIXELIEM,
EETHE S CER R RERIIEE LS I IRPR R R
B SEEHEX.

Bk BATHTT —IMRGIEN, FMEIEEERATIFH
RET MBS E5EE, XEHTNE T EENFRIR
HREHIT&T AF Hff. M MEDLINE #1 EMBASE
BIRERIE, MITHAEI 2016 F£7 B 27 B. EIRARINEE
EERSEXARPKREHE (Thyroid Stimulating
Hormone, TSH) 7045 ~ 4.49mIU/, JLIGPREFIRBRINEE
BIBEE XA TSH £ 4.5 ~ 19.9mIU/N R RRARER
(fT4) BEBENKIKF, A Cox LEAIRPLRELE
FRBRTHAEIE B L IRPR IR ARDIAE RURSEE AR TSH
KFS AF BHRIXE, ERRIRINEEEENS5EH,
BATRIRET T4 /K5 AF BHZEIRIXE,

R ERE 11 MBATIR 30085 BB5%& (Bl 27955
AFE) 1, 1958 A (6.5%) BETIGKFRERINGERER
fE, 2574 N (8.6%) TEREIFHRIBIREN AF, TEFRBRIS
REEEHS 5 &R IGKR P RIRINERIBEN S 5EF,
B TSH 5&%4% AF REEERXME, THERIME
FAREENDTR, FREEER MEZNKRSH
T4 JKF5 AF KBRIEMNAER (T4 MmO USSR
RIS EBIERLL = 1.45; 95% CI 1.26 ~ 1.66; FIU5>
IS p < 0.001) o TEXNSCRITFERIOME BRI
TH—SEERE, HIHESEEEER.

2530 ERRIRTIEREIE B MET, BEMTEIR T4 KF
(3E TSH 7kF) 54 AF BIXRIEIIE <.

KW BE; TIRKFRERIIAERIRAE, (2R RERE
N

Sawin CT, Geller A, Wolf PA, Belanger AJ, Baker
E, Bacharach P, Wilson PW, Benjamin EJ,
D'Agostino RB. Low serum thyrotropin
concentrations as a risk factor for atrial
fibrillation in older persons. N Engl J Med. 1994
Nov 10;331(19):1249-52.

BE

BR RIERPRBRERER PRI THIERE
1%, (BHFIRERETDRB ZIRIRRRIMAIABR R, i)
MR T IRRFIRERIIEEE B IEFARRIERFRERE
RERERMERELETHNERER.
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27.

BiE: BITART 2007 B 60 FELL L&A LETFEIIA

(814 BHMR 1193 Bx) , LIFRET 10 FREIHERE
XMOEREIEE, SREREENERPRRERE
BTN {E <0.1mUL; 61 BFiRXE) ; BREMRE
(0.1 ~ 04 mUL; 187 EXZiAE) ; EBME (04 ~5.0
mU/L; 1576 ERiAE) ; BE > 5.0 mUL; 183 B
&) o

R 10 FhEipAE, ERFRIRERELD. BER
B4, EREANSEESSE 13 61 23 Fl. 133 fik
23 BlREOEER. MERFRREMESR (<01
mU/L) BIRIRE 10 EOFEEARIDR LR 28%, M
ERENRITREER 11%; LESMNEREELYE
EERETRAE 1000 AF 28 fl, TEREERHE
1000 AF 1051 (p = 0.005) . EAEEMEIEREZE
&, SImERFRBRREEENEFAMEL, WERR
KIRBRERNEFEZINE ZE OB THRIET KA
3.1 (95% CI 1.7 ~55; p<0001) o MERRERIRRE
BEMRESAEN 10 FERMALEXSEREATEEE

=
F+o

£30: 7£ 60 FT 60 F LA LRI AREF, (RMERFIRERE
ERESBETFRECETHHIXPIEIN=EEX,

Chaker L, Heeringa J, Dehghan A, Medici M,
Visser WE, Baumgartner C, Hofman A, Rodondi
N, Peeters RP, Franco OH. Normal Thyroid
Function and the Risk of Atrial Fibrillation: the
Rotterdam Study. J Clin Endocrinol Metab. 2015
Oct;100(10):3718-24.

BE

Bx: BREDETTHBOETE (AF) HEERKLE
%, BERZXTRREEES EENERNSEIAN
BXER.

B8 AHRETERIEBEEIES FRERIEES AF 2
ERIRER, HERTBENER KRR,

&it. EMS5%E: M Rotterdam i, BHITANT
9166 B > 45 $NE5E, RES5EH#TTIRFRERN
% (Thyroid Stimulating Hormone, TSH) #I/Si¥% T4

(free T4, FT4) MEH AF & (1997 ~ 2012 HiuBES
BHEl, 6.8 &) , HAP 399 FIEREBURAIM 403 FlBL
FEE (Gl

16 [ 2B E | Article Abstract Collection

28.

FBLERNE: ERNEF 3 NAE: 1) BT Cox Lhfl
RIS A EETXIERE (HRs) ; 2) FE
FFEMFETREN 10 FLITRPE; 3) 3§ FT4 IA
CHARGE-AF {888 (—MpRAREEFUIERE) 15
WHRETTo

SR LRESNSUHSREMEOUECH TR, &’
= FT4 KTESREM AF KBSEX (HR: 1.63; 95%
CI 1.19 ~ 222) o 10 FEXIREHEE FT4 FEmigm,
£ < 65 FMB5EDH 1% ~ 9%IEINEITE > 65 FNZ
BB 6% ~ 12%. & FT4 HRINFIELERET, FUNMEE
M AHBRNRE (c HITE: 0722 vs. 0.729; p
=.039) o TSHK¥F5 AF %o

£ IEESEEN FT4 KPS SIEI AF BIREE, &
HREFEZHEDR. B FT4 HNEIERER PSR
E7 NSN30

Worku B, Tortolani AJ, Gulkarov I, Isom OW,
Klein I. Preoperative hypothyroidism is a risk
factor for postoperative atrial fibrillation in
cardiac surgical patients. J Card Surg. 2015
Apr;30(4):307-12.

BE

BERMEN: EADTRREA T ORFARNG LR
IR TEZINMRHEEL, BENRBEILAG
BEAEE—EFR. ATH-—PREXMXR, &l
77— TR, HE BT FIRIRThRER
HNFERESREETRIREREBX,

FiE&: B2004 FE 5 BE 2011 78, 821 FIARFISEMAER
RIFIRERENBEES T ORFAR, EIREITEARH.
RPMARFELWE. IGFRMMA 2R, SERED
EB T,

SRR TYEMN 657 %, 36% (294) MBEERLM,

TIRFIFIMPEHN 48.6%, 18% (100) BIRKLNI=
8o 90% (682) MWEEFRRINGEEE, 10% (77) B
BEFRBINRERR, FRIRINAERRBENET A ER
BEES (33.4% vs. 22.5%; p = .033) . EZTEDH
B, RFRERSE (TSH) KFEAS (OR: 1.11; CI:

1.01 - 1.22; p =.030) RAEETHEIFNERR. Rai
24 /NARER B RAEEFTIEBRIFER (OR: 0.54;

CI 035 ~ 0.83; p = .005) ,» REFEEENERETIERA
EFK (9.1 X vs.6.5 K; p<.001)



29.

#£ie: EERMRT, RETRIRERIEERRSAREREE
BX. FEH—DHIAFTRIEEAT FRERINE
BMERNEYTSY), ATEESEETRMRTIRR
BRAFEFIFARS A FE BRI B E PR E

ERIRETS

Buccelletti F, Carroccia A, Marsiliani D, Gilardi E,
Silveri NG, Franceschi F. Utility of routine
thyroid-stimulating hormone determination in
new-onset atrial fibrillation in the ED. Am J
Emerg Med. 2011 Nov;29(9):1158-62. doi:
10.1016/j.2jem.2010.06.010. Epub 2010 Aug 13.
PMID: 20708873.

BE

BT BRIt O ESER—ERy D LEREERARR.
FRANENRNERILE (ED) WRENRFHEE
BHTEMERRBAE (TSH) WENBHE. HIHES
H—AIRPRITAE, HF TSH FIREIER, EULFIRERINEE
TM&RIHHRES ED MR R REAVETiEL,

Bk E—FAZERH TIEMEINRAR. EE4 30
NAW, FFr&EEmAE ED MRENFREEETNE
REREER. EREENIERFHENERISEEZNE
7o BIEADEATEARTFHEBLITVURTSHETF 0.35
wlU/mL A9 TSH K%,

LR ENAW 433 BEREF, 47 B (10.8%) B TSH
Bif. BERBEES FT3 M FT4 KESERX(Q
<.001), ERTEEAHETENREFNUNE, 235
XD, BEEFRERER (@ < .01 « BXAZEM
ERIAZME (p < 01) FISME (p = .10) S TSHHE
*, RERENTHERN 3%, FRUER 31%, T
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30.

IMPROVE REVIEW BE8EE-I00 %

0.02 (0.01~0.07) BIFAMEAMASALL

£t 1 10%NABEFERRIRIRETE. RER
BOIFRE BEHITRRIRINEERZ, BEIERERRIRER
A RS LENE PSR AT RER B FIRBI ED S
& (K TSH) £,

Traube E, Coplan NL. Embolic risk in atrial
fibrillation that arises from hyperthyroidism:
review of the medical literature. Tex Heart Inst J.
2011;38(3):225-8. PMID: 21720457; PMCID:
PMC3113146

BE
FERRTRELNOHEHLE, 498 10% ~ 25% RYEA

=
RRBESRE. T—RABNPRRSERED, 5

BREMEFIING KGN, FRRSE ST
BENHMERRREOFES M. GRIESRRIE IR
Rzt hzig, FRERES O ESE PP ETH
RHEERETERL. BIFE5SRIRERIIBETTHEXAIE
Priiete EpIRE, SIERFRESEOETEIINTEH
FREERENFEMARG, ERTUETITRRRERST
DEHEIRIM EERER B PN ERAREHSE
HismPiRE THEEF BRI, Eit, RIEE T ES

XEFRE T BRIWEEIEHE, UHESFRERIEE T
X EBEE M ERIRETS o
KA. JURST/RERE; OEWEh/AYArT; L

PRIRBEA TR, 122/MFANEH; BIEES; OIERR
BAEEE, PRI UHE A RIEMITRT, EAE
AR RRIAGE; KA, mietesE/MBAMiTH;
FRBREBAE/F R AEo
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Featured
Article

FECEERER T X T RRIRHENE O RREE S SWIRRBTEX SNSRI R, FERRMT XTFRRBPRERE LR
B (EER AF) RENERNTMNERES. L, ©EsRE T NEEAR N FRREERIIEEMEREHTRRERRS NS
B ENEEME,

AREARNEOREXREESREELIGKRBTRREXE

BE

—MKPESEIHRERABRESHNOREAENREN/RNER, FIANOEEE (AF) MOEHE (VF) o EREEAN
LB ERISERIIREHNHFENIRRAT, VF AIERH G, FHNAE, AERLTERNED, haFEHLEMRENE
EHE, LHEEEEPRNENE o Eit, AMTEIGKRETFHEN I RN BERN D FARCYBEREAR, EEE
SRS NER (AEFREE) HEBEN, RMNEERFTPRBIETREEEFRPROERBESESIH
BXo BNEREHT XTFRRBRSHENOERE (FER AF) REMELANEMNSMERS, b, EFRATHEBAR
UK FRBRDIRERERS AR M B E # TR R RS ENM BT ENEEE. 5SRRRERXNFRHETIRSIBEXEIER
Lo REEERZPEREINGIGTNRRREEMERED, SIERNETREENN, BRKEEMZFIRFITERETRBER
M. XAJREZTMFRERHIREBELERE, X NENFIRKKEPERN AF M REHkM&E. HFRREHER
BEZHENARER, EREENOREEHRERHEREENEITEY.

Rgin: FIREER; PREEERES; ORKE

1. N BRBEEERREER (T4) , ER—MENRERNEK
£, URDEMEHHR=ZMARBRREIR (13) . XY
20%HY T3 ERER=4E, 5 80%KE T4, HI Z7#HH 1
BIAERER R BRI IAES (IDs) F:fUifiR. 2 B! ID &1k FT4
N FT3 B9RIE, M3 B ID MEAEMT | B ID, HEEHK
EALOAARRIA, MR MEEERARE AR T3 £,

DEEE (AF) MOEGR (VF) ZIRKIEXEHER
EHHOERE, REFET—LER, BEAITAl AF M
VF &2 FhxoR R ch Rk AR E RS MY R A sh = B R E
% FIERRTONAMNENEER (BIREEEEER) 3
A &RER, RMARMABERNK (EAD) HILREERK

(DAD) » EESR#ITENET (RUREHTERERB FURBRREIR TH AR T EMB0(E R RBRS SRR U R
BX) | ARREERER (Cx) BEFI. ONEHEE (BB BEARFENREPRIESER (TSH) &6, XERT T E-#
AT, BBR) MAREAER, EMARERRPIRE K- FRIRBR A R IR BIER A —EB D1, FRRRRABETTH AT FUIR

WME 1 Fin, BREREE (TH) sIUASSREXENE], XU RRRE TSI AR, SR REIEERRNTERER. &

FMOLERBERENBEEINERS (ANS) MER-MEE EEBHETNRRRIA, FRRSETEZHTRRERD
KER-BERRZ (RAAS) KT, BETTH (W0 Graves & (BESRBIMEFRRERIIAETTH) 1. B
BRARE. RMFIRIRAESIRI T I, ERSRIRRIIEEN
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B 1. PREEE (TH) IZ2KRHSE5LERENTIERENRE:
FEY). R8s, BEHIRSL (ANS) MISE-MERKE-EERRS
(RAAS) A,

AR, REMEERESSIENNTEERFEEITH
FIRESEE FURRARIBETTHEE s LbSh, IRPRSERE A FRARBRTH
BEFUHEN— I T ABINRRARERIERRE, XERHFHY)
(BNRZHAER) BORRIEFFTE. FRlbzoh, EMBEBERRR
BESPEES T4 BORUTHHEIN &R £ EIRME R ITAIRE!

EUMTIGREK (BRYE) PRIREEHERZHT TH
DWIZSBNN D WER. TSH B FRIRIRIIAER SR
o TEIRPREARBRINBETTHHEE —MRABERRE L, HIEE
Ff. MRFBREMFI, REXABRMEMNIE TSH 7K
F (< 0.10 mlUL) , TS T4 # T3 REASETEN, F
RERTHAEIE BRSE XA TSH IKFAE 0.45 ~ 4.49 mIU/L SEE
AHRS. T2ERRESEFRTEETH, 2.5%WABMNE
TSH RFE&ECE TR,

TH @ 2R AMIFRER B FRNGIFEEERRZ MO
R ERRFERIThRE 2, Hitk, BT TH AUISMMSMER
OB AER. Ca MBMENELEAFRAMRM. TH X
HSYNXEABREFEILSHMORN OREENZ BN

[4,]5,17]o

AEEMMITIGPRRITE G MOVRRERNXE, LHZ
AFW7324, B UEREREE, BIEFERRBRTHAEIE B B9 ME
B, BEFEE T4 NREETENS AF KEREMEXY,
SRWmIARR, (NHRPREPRESKESIEH VF REREA
KRR E, KRHMYEMNIE TH HESEE AF

VELI526-27]

20 [e) zik#EiE | Featured Article

FZABNR, INRYE T4 KASSROIFARPHEF
UK T3 KTFRIZEMIGIN, HBIEERES, 5 TH METAE
KBV IRBR TN RE RS A AR BRI BT REXT D EXT DER BRI 5
MUK AR £ IRREX M, BHFEOEPENET
TH £YERNG, HEBRFORREMAETHRE, XME
AMEME SR T,

2. OEWEIA TH W{EORBRREESEZE
2.1. EF AF NEEHRR

XF AF, SH#ESHNONAEMUE Ca> AIRERR
ERUBENRER, MBEANLBROBALRRENERS
B (Cx) BEENSHAMIEERBEFERSATER B5523034, AF
510 Cx37 Ml Cx40 EEZSMAKERD, LUK GIAS (4R
Cx40) MIA4IREZRT, BATE AF FEAIES, BTFETM
BRI AT LURR 50% ~ 7T0% M BEREE, XEKE
BEMEAREER B RFRE, TH FIaERXLERETAIIK
HRZEZ—

FENERER, mzrE. EESERTREE. BEK
. BIE. MEERE. B BE. B feRREE
., MRHEEENRLESE, FTEhEERSBEEE
M1, HARAE4RES microRNA BAEMMEIR (MUEESR) #iLR
AF ZRHEIWL FTHHIANEERR, OEARNE. EAK
BERML. RIETE B REBERUNL M2-SEWHM p1-5 LR
REER B SMFNEET AF BRI REEEERM
M, BT XEARBIMIBMEENRY R BEMN R ROINLEE
1, AF BUARREEICEE M.

RIBFRMNE R-R BIHAF ECG HERKH P IRIRGIHAY
AF B—MIEBHZENOEXRE, 2SRONRE. #EESD
RFNFET ), BMEREEMIIRR AF & 1EH 52 XBRIE N
BXRE, PR URSSEMAA MR IR AF 24 BEER™
ENIRRAEBHELEENLEERE,

BENERERORREDYATT, BXERYET
TEeEERMALERMSMIEEE L, AAEREANXEAYFH
SRR —HREEENGC, HORREREYNSE
HRLE AF JAITH S LR, SREEE% AF 54, XA
BERREANBLBREERNIFEEED, ERAEH,
SEMNLEER. Cx43. Cx40 Ml Cx45 REBINABLEE
BRENEHRERRSS, QEHERANETELER
EIIREEEUATHNERENERA R, REWMLL, BiF
T RAINENEYREY (BEFFREBRSHHRE) N5
FRE (BFEBSNE) TEARIRHI AF SiFER



TUBREEERN S, BRIENE, 5BM4MEL, X
MH AF BXREREFEBEEFHE, FEFEFMIETX

B,

AT, RZRIANE, HESHASEERERS, X0
BERERBEFRNETN—NEEER, Alt, TERILIE
Pk AF B— 1M EENRRRH, FHIRRAESHREX, &
BB EURISHAMTS EVAREY S, BEREFREOEB
EiLRET, E—IEFTABENHARF, AF NBHEHNR
30%%1, FEEIEEMIEIF N if B BUFISHAK (NT-proBNP) LA
KA HMBERKRAF-23 (FGF-23) KFEFAE. XEIFEY
WASATUINSEZIRAE AF WEABRIRG AF BHO,
EXMERT, BATHSIEE TH RESHEX.

2.2. RS KERE AF

TH 85 AF #XMERZ—, HE AF BBEERAE
el = R4 IGINA Ak & S RHIEER AT RERIL N B S B B AR
B O AR R BUL KR TERN T, s R A B
TWIRFRERARINBEFUHER AF iASIG, XAEREDL @
ABREREN, HEEHBESMERO, BXE,
TSH /K < 0.1 mIU/L 5 AF X350 3 &5 %07, BIfETEN
& TSH K TFEBMRRRHED, 8 T4 RENMS AF BT
X, PURERINRME I IR PR FRBRThE U E B E M &
K PIRFHEREN PIREEE (FEAM AF XPeAIElR) BK
U, PR AF MARERTSUEETERRIRMUIA Graves
ROMBERRS, XEHRHY G EHBE TSH 2K TSH
BHEMENFES RN, RRERAMBRERESS T4 @ T3 1Y
BUWETE Graves BPFA S, TEZHTHIMES-1 SEMHEEM,
BIRIE, Graves HWAEIRBRIIBRAFI LUKRR AF Safa07, E1S
ARMRE, XMER TETNAESRNFENGST p1-8
BREAEM M2 SERZANESAE XY, XL FHE
N T4 TEMIER PHEH T BERESEY, BEOHER G E
BBEX p1-B LERZRAEZMAMBE BAS AF M VF HRES
X, Jiy, BEMEZESHAN TH R T OBEXT AF B
fE55ME. ErEE TH Xt AF KRR, AF MTHERTRA
EMEE, MENTIRRERIRIETHNEZEREESEMEX
M,

Le5h, TH #08 AF BePATENTE. Eit, &1EF 13
UNBIERE T4 HBMER TSH KFESHVEKREERE AF
SRBE XS, AEEESTEN, KB T4 KEHREM
SHRIFARMNINR, B, TH BRTABEUERNSER T

I, RERATERNBNESZE, B AF WEEZNHA
BIRARSEEE A RARRIIAA, 3Tt —FHRERPaMES,
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3. PEREBHEEMNEMOELRENRM
3.1 VF fa&ifv

*F VF ZEMEREGHOEBRENEBRENTZEER
AF BIRR2%, VF HBEFIEERERIBENIHRERERE R
BEN CaA B3R, HFEBVRRKENSHEY GO0
FEA. FECIIEREANSIRSM) NEETRE. FiEX
LEABZINFETARNEM, ANROFETHERS
(ANS) FEKLE, G1F TH, HEESIRIEFRY QRS &
SEAAMBEMFVEELRRE, YEMBETRHE
B, BEEREMBEEREHBE N OEBRENHINGIC
5495961, 1552, FEOMAPELLI T HITEHE. HEMIBEN
ROEKEN B ST B ShiF, XL H St
TERER, HAETAENBEERETL, E3# T EERN
EMEORKE,

REINREITAISIHEE VF ESHE, EXOBRIENT
KM ZE L, ERENOERRT, BEILEH—MIHEM
BORRENGINEREEEMN. FEit, BRSNS T3 KF
50FE, QTc 22X, 5 PR @A QRS HEZRAMEX

EUN

BFERMNZE, 755 AF fl VF REBXIRELEET
ESLNAINRERRE X, LNENERISSSHBRENR
T, EMEERES (AN MEaBMNE. SRR
IR MUEADEL R E R B AR,

REOHFRATNORAENERIE T#E, BHE
MEEORRESENOREERNARSIREIENETIRRA
B3, ANOEREREMBELRE VF AJREBEMIME VF
5IE2H%5E, BREERILE VF REF/REE R, XMNE-UD
BREAR, LURRRRLE VF BHHRK,

3.2 FREERSEERE VF NER

5 AF MBFEMLL, (XEAFIRBRINEETTHRES5IEN
VF REZRRE, HRFRERSHIRRINGEERABEM, X
FIEEREA VF 7 TH K FABEREMENBORE BN
MERSEERNER TEEISMI, AT, TEBE Graves
R KRR TTH BEP B LM T EROhTE, HESR
15 EBREREE. M2 B TSH A ESMANEEERE
K, B Graves MBVFRERIIFFA IR T EHORKE
WRE, BEHEBEIRENEFEN, FRERSHEN
MERIBES R E VFo

BB REFTRINE OB, (REFAEEEORE
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BRURENN, SRR RIS, $3Y g1 F p2 B LR
RAERMAE M2 SBEHZANIKELERNBINES0E
FELRREFXEMS0L, 7 g F FIRRENNSERZE
ARMOIBERSE, BRERSMOREE O
FERVRIZFUNRF, BEHAX ST E FEERNKEE
A UASRETOEERNE SRR REETERMS. B
et ORBERERIANZ OEREREN—MELH

(521

18R, HETERALENSERRBSEDRLFENE
EMOEIT R, 5ALIHEREARE, TH XEWEH VE
EERNEZMESFTOIERRR 18, H# B 5EERAMIFRE
44 TH fEREXI, HiF2HENS TH fE, BFH Cx43
BEMNEEBIERIMATE A P E AR,

X*F TH, BHOBARESEROEAENEHFESHE
FHEREQBEREA. BRTRRAFENE. FSRENS
EBUERTEINER A XN, LR RSESESREIH
TRBALRALAFIE, HA, BFXEEEMMNER
4558, FRIRINEETTHSIRE DA RIREMS, M
ESMERRE, XBEEEHEROERS LTS
BREM, TH EAIEBEE ANS N RZMEMOREE
BRES, AABLEIE, A TH #{TIBMEHSMEET =18

BB ERREESURIEE,
4. BRRBREMRE. BTHORKERK

4.1. FRERE (Thyroid Carcinoma TCA) FUBEEHIE. £5F
Efarr

FRBRBEEBIERELEPEALE (RAZBHEW
5~20 f8) , HEMEFERIISKELZRESMAZS, @
¥, 55 FLUEABR DR BIRERRE (differentiated thyroid
cancer DTCA) BYRREIM, ISR BRFRIFER
RENK DTCA AN, SR, Fo3 L BEREAIEIZ M FRAR
RRHFREAR DTCAY,

RIEMEUNHSSBENRHNG, HARS0MmER
PRI, BB TR B ED. R RE), &
RENEEMRIIL, BEEAHRIE RAS 2EMJETN BRAF KE
BUEIE#IT I, BRAFVE SRR RIIHHIEE Y RES B
EFHIREMATRER TCA HRHERAIFIKI2), RE DT
EMTHESYNMREER. Wiarr. BUAEENETHEZE

130]

TCA BENINEEEOIESRRBRIIBRA. MIMELE
BAKR (WNRBIBM) METIEM (radioactive iodine RAI)
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JHREY, AJSRE TSH MM T4 7877, FARIRMENZRKX
MBS EEXRBIGT /05, BT RREIT AR, 1§
FRERNEBNREEERE, HETAEA RAI BTN
WERHITHERHBIKEAE N, RETHEREE SPECT/CT BY/M
W BTN DTCA B HALE RI28.132,

ERRBUIFAEBHT RAI 5EREBENRDEX,
5 TCA ERBRLDER, HATiErEREN RALEMAEREY
MEEFE, AAEHRERNEEENZL LB SRR
Sefsiens, RE RAI BETEREIEA, (BEE DTCA BEH
B A g N8, B B IRERR TCA EFENEERE TR
1, BRZEXLERENER.

FARERA T4 #TINHIERT = TEERE TSH, (2#%AR
T FRBRARERY A KU, Fitk, ASMNEME T4 FE TSH K
F£5 DTCA HKHEIEEM, XMTENsXeBERH,
EXHERLBETH 4, KEER T4 87T 2% TH U5,
SEIRENILIRKFRBRINEE TS LUK A BAES 1-2 BT IR
FORIHARE 3 RY LMY, XEBERSRIHOEREHTE
%, M TSH kF5 AF XfeZEpfafxt ez RERRER
BRI EIREFBOIESE ),

BRTHMNRIE T4 5, BAEMERBUEIER TH 3047,
ZHRRZE (T3 MZERAEY) MUMEARZE (T4 8997
V) , FIRUEEHERNXG. 1ERaTMRHFEES
R, 2R, BRI SERRRFTRBEVAREE, PRESH
RIEFE S ERF RO M ERIO19), XRKE
R ER— k.

FURERH SES K T4 AT ERESENRT, M
TSH FRBHFIBRIRESNEERE MR, 22T, 1RIE
fEREZENESR, TSH MFEINELZENRAE Y, REN
e, WFARZE DTCA BEHH, RTFEFTE < 1 mlUL AY
TSH AFBHFI, ERZARIEREHNERT, XFFRE
E. ARG RAI B9ENFIE LR TH I0HSETT VSRR TR
SR EIRYIT IR AR, EMAIARTEE SE B 5 Rt
B, WRCEROEBRENRNRSE, SETERS.

4.2. FRERERIDENAT 50 RREHXE

AF MFRRBRET ZBIFEBR, HArRES RARE T
£KEF, W IGF-1. EGF #l FGFUY, [k4h, TH FHREMLMK
WHEFEEHEPEEEER, NMEHEMR. ZE4
MK B S RERRIRA BWIEAS TCA BENLZRNFIFR
RREEXI25), EEA, BMERIGKEARIFIIAEERE TSH
KEERERRWEEAN, KE AF HIXPothgnes,
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SUBCLINICAL

HYPERTHYROID
o (asymptomatic)

E .
L- THYROXINE TSH

REPLACEMENT

SUPPRESION

B 2. BRIREAT M EAMILIGRER BRI RETTHAES EERV LS Bih (AF) BYRTREREG

TCA SAFTEAN AF BIEAZX—EWIANZE AF BT
FMEF 0141550, EIFERNR, #Z DTCA AFEXOMm
ERRNEELE AF FIRIEMN, TR EIMHE XML
BEEN, XSREN—TMR—, ZMRRA DICA L
T TSH #MEMETF 0.1 mIUL MEBELRE AF HIREEREI,
—ER{IO R A I TSH K FEZBHF/EXREL, BRI TCA PATIH
RAI RFIFIES AF ZEIFEEREE,

BN — MR EMHR, S—RABIEL, DICA B
EH AF RFEES, LHEROERENLFEEE,
i, EREAIBENE AF BREZMUR MR TCA BEH
CREAMTRIEX (B 2) . KEAUTD AF BXHLE
FRBER. BWBIRG S B KILREE UL AR
%, NFPLPH. NERENMESE, LURMIENSBET
ERBERY, PREFEBN Y, XFSAELEBRE
ELMKEBES MR DICA ATIEXRRENER S
BRI,

EOVERESE, BT —EBHNEE, B TCA FE
ERHERSRAH—ERENORAERRER, flaiE
DEBREN p1-5_ERZEEM M2 SERZEBSHATVOA
EEEENTN, MR&RA, TSHM TH FJiETEERKERE
WS MEEARPEREQNRAY, FRBARTEERE
B 43 REMFEHEAR TCA 5 RIERBRDFR, HigftiER
MM IR S ATIRPRRL BN, TITESEIR 14 BRI BRTNAETT
HIFRROEARPERERD 43 EAFENRESENLE
AF # VF Ryfiie2noniedl, 53—, (OBEEEEH 40 L
JABFURE AFUS, EEER 43 MIEEERH 40 FERNRER
MEMREER/E, MMEROIUESHERORKER,

5. AEES5 TH RIULBEREESESNARNS FFH

TH 2O MBS IERISR AT I7200, Ik FE BT+
HIIENORRENABRTESERFH, R 1 547508
@i AF 8 VF REMNBRRELE RN TH 5 FEL .

5.1. BALERFEE
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PEFI MR, FRIRARTHREFTEIRASIEIN T 4RASERIEI]
EHREERNERNRIAKE, F52 KCNAS (Kvl.5)
# KCNBI (Kv2.1) , XEBMTFEENERNK K+ER, UK
/RADASIESS [HEIEAY HON2 #1 HON4 BEEU™S, Bk, 4
FFEREE ISR S I, BBIRAY KCNQI (KVLQT1) RHAT
2% KCNE1 (minK) HIREETE, Kvl.5 mRNA B EIETED
B ELERE K,

BABEMRARE, EHOMTES TH ETEESE HCN2
(1) BRIG M EERAEET KAERURNZME X
pesteel, FEXMERT, MIZEENRE, BREIENIFZE
B2 )= HON BETABEOENOEARTRE; Hit, €
AR SR RIBL BN R PRMAEIE X, FLLE,
TH AILIBUERRMA RS, SBREARE™, XBESHSHM
EREXESROANAMS R,

A& ENRYIE SR FTRE G INOVRR B HTESD, FEXN DAD
NEREXRKS, FER51KR AP, ERERBH k. MIH
FEBRETSRY Ikaon BRI T ORBAR R, BITKREBOE
ENfERBIIFLEAYE] (APD) MIERES k. BARIEMM L 8 Ca>
RBRUR LA X, MEEEOEFEN, SINRET
FEAEXEY APD ZBREHOIANZRIRERINEETTHIERE AF XL
BIE Bz e8], XUERAI RN P RBRrEaY
i8], FETREIEN PIRAIEEE, BESEAFIM,

BEEIENE, p-BLRREZFESNESEZEFN
HEEMEARAT L& Ca¥8BiR (ICa) FMPURERER K B
(i ) > MTISE APD FRIEHIF & HARE R AIAYIE NG,
M2 SEWZEE S SEZANEEIERING 1Ca FEM
SNEAZBERIETRIEER (I, Aa) > MTSFEBRLA

APD Z525%,

5.2. $BMICE Ca> 02

ARBERTETETNES Ca B ERE RER MM
Bl Ca* MIEFIZBAEMIRERE Ca*RE!, HLEM Ca*-ATP
(SERCA2a) WYERZFEMERFUKTHMESE THILUR 28
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Kv1.2; Kv 14 @& Tgueo173 K ERiE /485 APD
EEER43 TiRuon MR BBEHRET
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HCN2 (Ip) 3% e, 100] i&?ﬁﬁ%é‘%iﬁb
Ca2*ATP B HEL Caz‘ﬂtii
Na'K*ATP &8 EIERL BRI /LIBT3
L-Ca* B8 o7 25 Ca? &tii
Ryanodine & BENT) T Ca2'ih1g
Na'{Bi& b S BiR
Na/Ca 551 BER! 25 Ca?' QIR
KB SSELRLITT 4858 APD
B-& LIRZAEZIA HoEn RREEE

FRFREMBEITIG NI, XRBAKMXS Ca* BYIREUG
m, EE caBEAARHEBEAN Ca iR, BEH Ca®
EFA@ET ANIZMAY Ryanodine 2K (RyR) B Ca'ittiFE 5
THEEMINASE, 11 EAD % DAD, REEZIRULE,
DAD AIRER T FRERINAE ALY OB R IR, HEES
BULAEXT AF 1 VF RS RRMEIEINS, 14, TH EMT I B
W, SHUREA Ca N, FIRERET Na'/Ca® 3R ERHYNNER
REHRRIT, SHIEFHER Ca? M Ca IEINFIT BiEHERE

EBNSHAREEIRR, TTRESBESRISIEN, RHBAL
EnLI,

5.3. EEEOALAE. SHRZREEEEL

H BESHACMLERS, #BELELEEANFARN
DEARNBIIEIN, MTRHFERNE AF'S, XK, BRTET
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Abstract: A perennial task is to prevent the occurrence and/or recurrence of most frequent or
life-threatening cardiac arrhythmias such as atrial fibrillation (AF) and ventricular fibrillation (VF).
VF may be lethal in cases without an implantable cardioverter defibrillator or with failure of this
device. Incidences of AF, even the asymptomatic ones, jeopardize the patient’s life due to its
complication, notably the high risk of embolic stroke. Therefore, there has been a growing interest
in subclinical AF screening and searching for novel electrophysiological and molecular markers.
Considering the worldwide increase in cases of thyroid dysfunction and diseases, including thyroid
carcinoma, we aimed to explore the implication of thyroid hormones in pro-arrhythmic signaling in
the pathophysiological setting. The present review provides updated information about the impact of
altered thyroid status on both the occurrence and recurrence of cardiac arrhythmias, predominantly
AF. Moreover, it emphasizes the importance of both thyroid status monitoring and AF screening in
the general population, as well as in patients with thyroid dysfunction and malignancies. Real-world
data on early AF identification in relation to thyroid function are scarce. Even though symptomatic AF
is rare in patients with thyroid malignancies, who are under thyroid suppressive therapy, clinicians
should be aware of potential interaction with asymptomatic AE. It may prevent adverse consequences
and improve the quality of life. This issue may be challenging for an updated registry of AF in clinical
practice. Thyroid hormones should be considered a biomarker for cardiac arrhythmias screening and
their tailored management because of their multifaceted cellular actions.

Keywords: thyroid diseases; thyroid hormone signaling; cardiac arrhythmias

1. Introduction

Atrial fibrillation (AF) and ventricular fibrillation (VF) are clinically relevant and potentially
life-threatening arrhythmias. Despite some differences, both AF and VF have been assumed to occur due
to abnormalities in the electrical activity involved in impulse initiation and impulse propagation [1-9].
The former is due to an enhanced automaticity of the cardiomyocytes (i.e., pacemaker-like activity)
or triggered activity expressed as early after-depolarization (EAD) or delayed after-depolarization
(DAD). The latter is associated with a conduction block promoting a re-entrant excitation (most likely
due to an electrical uncoupling), disorders at the intercellular connexin (Cx) channels, myocardial
structural remodeling (hypertrophy and/or fibrosis, adiposity), and variations in the refractory periods.
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As mentioned in this review and depicted in Figure 1, thyroid hormones (TH) can be involved in all of
these mechanisms, as well as in the modulation of the autonomous nervous system (ANS) and the
renin—angiotensin—aldosterone system (RAAS) that affect arrhythmogenesis.

_ THYROID HORMONES

TRIGGERS
ectopic AP
SUBSTRATE DAD / ANS/RAAS

altered J humoral
conduction modulation

ATRIAL FIBRILLATION
Ventricular Fibrillation

Figure 1. An excess of thyroid hormones (TH) promotes the occurrence of the main factors
involved in cardiac arrhythmogenesis: Substrate, triggers, autonomous nervous system (ANS),
and renin-angiotensin—aldosterone system (RAAS) imbalance.

The thyroid gland produces thyroxine (T4), which is a relatively inactive prohormone, and lower
amounts of the active hormone, triiodothyronine (T3). About 20% of T3 is made by the thyroid gland
and the other 80% comes from T4 upon conversion by type 1 iodothyronine deiodinases (IDs), which is
widely distributed. Type 2 ID catalyzes the inactivation of FT4 and FT3 while type 3 ID acts like type 1
ID, and is expressed in skeletal and cardiac muscles, thus providing local intracellular production of
Ts [10].

The release of TH from the thyroid gland is controlled by the thyrotrophin-releasing hormone from
the hypothalamus in the brain and by the thyroid-stimulating hormone (TSH) produced by the pituitary
gland. This forms part of a feedback loop known as the hypothalamic—pituitary—thyroid axis [11].
The thyroid gland can become overactive in hyperthyroidism or underactive in hypothyroidism.
The latter is often accompanied by an enlargement of the thyroid gland known as goiter. Thyrotoxicosis
may be the result of hyperthyroidism as in Graves’ disease (autoimmune hyperthyroidism),
inflammation of the thyroid, benign thyroid tumor, or due to factors that affect hypothalamic,
pituitary, or thyroid function [12]. Hyperthyroidism can also be caused by an acquired immune
deficiency syndrome along with anti-retroviral therapy [13]. Moreover, a not-so-infrequent cause of
hyperthyroidism in clinical practice is an iatrogenic one due to the adverse action of drugs, namely
amiodarone. Apart from that, various gastrointestinal disorders may impede the absorption of T4 and
increase the risk of developing iatrogenic hyperthyroidism [14].

Both overt and subclinical (latent) hyperthyroidism are endocrine disorders that occur as a result
of excessive TH secretion. TSH is a sensitive indicator of thyroid function. Subclinical hyperthyroidism
is common in the general population and its frequency is variable, depending on age, sex, and iodine
status [15-17], and has been defined as lower serum TSH levels (<0.10 mlU/L), while the free T4 and
T3 concentrations are within the reference range. The euthyroid status is defined as the condition
wherein the TSH level is within the range from 0.45 to 4.49 mlU/L. In the National Health and Nutrition
Examination Survey, 2.5% of the population had a serum TSH below the lower limit of the reference
range [18].

TH affect heart metabolism, electrical properties, and function through the interplay of genomic
and non-genomic mechanisms of action [17,19-22]. Accordingly, chronic and acute changes in the
circulating TH have a fundamental impact on cardiac electrophysiology, Ca?* handling, and structural
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remodeling. Disorders of these cellular factors due to a TH imbalance affect the susceptibility of the
heart to arrhythmias [4,15,17].

Both overt and subclinical hyperthyroidism in humans increases the risk for cardiac arrhythmias,
especially AF [17,23,24]. Recent data indicate that even in euthyroid individuals, the high-normal
range of the circulating free Ty is associated with an increased AF incidence [25]. The incidence of VF
attributed solely to the thyroid status imbalance is less frequent in humans, unlike the experimental
animals, which are prone to both AF and VF in response to an excess of TH [15,26,27].

It should be noted that an exogenous T4 administration results in similar increases in circulation,
as well as the T3 levels, in cardiac tissues [28]. Evidence suggests that thyroid dysfunction and thyroid
diseases associated with a TH suppressive therapy may exert a clinically relevant impact on the
susceptibility of the heart to arrhythmias, as well as the outcomes of treatment. This issue is even more
complicated due to the fact that TH biosynthesis machinery has been detected in the heart and has
been altered due to cardiac pathology [29].

2. Atrial Fibrillation and Pro-Arrhythmic Signaling of TH

2.1. A Short Overview on AF

Concerning AF, the cardiomyocyte sleeves overlapping the pulmonary veins along with Ca?*
handling disorders are the sources of the ectopic electrical activity, while re-entry circuits are promoted
by the atrial tissue heterogeneity and disorders in the intercellular electrical coupling mediated by
connexin (Cx) channels [3,5,8,9,30-34]. The association of AF with the atrial Cx37 and Cx40 gene
polymorphisms [35], as well as somatic mutations in GJA5 (encoding Cx40), have been identified in
AF [36,37]. As a pulmonary veins isolation-based approach can resolve AF in 50%—-70% of patients,
it implies that other drivers of AF remain to be determined [38]. TH may be one of those drivers for AF.

Risk factors for AF, such as aging, obstructive sleep apnea, diabetes, hypertension, dyslipidemia,
obesity, cancer, renal dysfunction, and thyroid diseases, which are all accompanied by deleterious
oxidative stress, may act synergistically to cause AF [5,15,39-44], whereby the noncoding microRNAs
translate cellular stressors, such as reactive oxygen species, into AF pathogenesis [45]. Emerging
evidence suggests a significant role of the altered atrial metabolism, phosphorylation of proteins,
inflammatory and autoimmune channelopathies, and presence of autoantibodies to the M2-muscarinic
and (3 1-adrenergic receptors in the pathogenesis of AF [46-54]. Due to these mentioned chronic stressors
implicated in electrical remodeling and poor risk factors control, the incidence of AF increases globally.

AF, as recognized according to an irregular R-R interval and a missing P wave in an ECG,
is a highly prevalent arrhythmia promoting heart failure, embolic stroke, and death [55]. Even short,
subclinical episodes of AF are associated with an increased risk of stroke [56]. Paroxysmal, as well as
sustained and permanent forms of AF, confer a significant clinical burden and worsens the patient’s
quality of life.

Management of AF includes antiarrhythmic drug therapies that are often ineffective in terminating
AF or preventing its recurrences, possibly because these drugs target a single pathophysiological
mechanism [8]. Catheter ablation of the arrhythmogenic triggers, another option of AF treatment,
does not prevent recurrence of AF, probably because of the persistence of the arrhythmogenic
substrate [55,57]. In the advanced form of AF, the abnormal atrial substrate, Cx43, Cx40, and Cx45
abnormalities are thought to act as drivers of arrhythmia perpetuation [35,41,58,59]. Modulation of
the autonomic nervous system has shown promising alternatives to the standard AF treatment [60].
Nevertheless, a better understanding of the modifiable biomarkers, including an altered thyroid status,
and molecular factors, including autoantibodies, may provide us with a chance to prevent AF or to
tailor the treatment to avoid harmful consequences. It is noteworthy that women have worse and often
atypical symptoms, as well as a higher risk for stroke and death, associated with AF compared to the
risk in men [61].
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It should, however, be emphasized that a considerable number of individuals have no AF
symptoms [62,63], which is a major difficulty in an arrhythmia screening for detection of AF. Therefore,
silent or subclinical AF is a major health concern, particularly because of its association with stroke.
There is a need for novel approaches, as well as diagnostic and prognostic biomarkers [64]. Intermittent
hand-held ECG recording revealed that the prevalence of AF in a population-based study was about
30% [65]. Patients with AF exhibit increased levels of the circulating N-terminal B-type natriuretic
peptide (NT-proBNP), as well as the fibroblast growth factor-23 (FGF-23). Elevation of these markers
can predict the development of AF in high-risk subjects or identify patients with AF [66-68]. In this
context, it appears relevant to monitor TH status as well.

2.2. Thyroid Status Imbalance Promoting AF

TH are one of the factors associated with AF and potential drivers of AF [16,22,69]. Increased
automaticity and an enhanced triggered activity may increase the arrhythmogenic activity of
cardiomyocytes at the pulmonary veins in hyperthyroidism [70]. The propensity for AF is increased in
animals [71], as well as in humans with overt or subclinical hyperthyroidism that is more common
in the general population and often accompanies various diseases [15,72,73]. Indeed, TSH levels
<0.1 mIU/L have been linked with a three-fold increase in AF risk [17]. Even in euthyroid subjects
with normal serum TSH levels, the free T4 concentration has been independently associated with
AF [74]. Maximum P-wave duration and P-wave dispersion (indicators for the risk of paroxysmal
AF) were longer in patients with endogenous and exogenous subclinical hyperthyroidism [72].
The incidence of paroxysmal AF is higher in toxic nodular goiter [75] and in patients suffering from
Graves’ disease [76,77], which is caused by the presence of TSH autoantibodies directed toward the
G protein-coupled TSH receptor [78]. The rate of intra- and extra-thyroidal conversion of T4 to Tj is
elevated in Graves’ disease mostly due to an increased deiodase-1 activity. Thyroidectomy in Graves’
disease has been reported to abolish the AF load [77]. It is worthwhile to note that the occurrence
of AF in this condition is associated with concomitant autoantibodies toward the 31-adrenergic and
the M2 muscarinic receptors [79-83]. These autoantibodies and T4 facilitated the induction of AF in
animal models as well [82]. Autoantibodies activating the G protein-coupled (31-adrenergic receptors
in the heart have been implicated in the development of both AF and VF [84-87]. Thus, autonomic
autoantibodies along with TH potentiate the vulnerability of the heart to AF. Considering the impact
of TH on the development of AF, the screening for AF is highly relevant not only in patients with
an overt but particularly with a subclinical hyperthyroidism.

Moreover, TH affect the outcomes after an invasive treatment of AF. Accordingly, high circulating
T3, as well as high-normal T4 or lower TSH levels, have been associated with AF recurrence after
an arrhythmogenic foci ablation [23,88-91]. Free T, levels influence the success rate of ablation
procedures even in the normal range. Likewise, TH replacement therapy exerts an impact on the
AF ablation outcome [92]. Despite sophisticated invasive approaches, the recurrence of AF remains
an unresolved problem in clinical practice, challenging for further research [8].

3. Impact of Thyroid Hormones on Ventricular Arrhythmias

3.1. A Brief Overview on VF

Concerning VF, development of this life-threatening arrhythmia is similar to the development
of a multifactorial AF [2,6,93]. VF is triggered by the dysfunction of ion and connexin channels
along with abnormal Ca?*-handling and facilitated in the presence of an arrhythmogenic structural
substrate (such as myocardial hypertrophy, fibrosis, and misdistribution of connexins). All these
events are influenced by the modulating factors, such an ischemia or autonomous nervous system
(ANS) and hormonal imbalance, including TH. Specific QRS complex patterns, recognized due to
hypertrophy, may potentially predict ventricular arrhythmias [94]. When structural abnormalities
are not evident, autoimmune channelopathies have been established as a novel mechanism in
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cardiac arrhythmias [51-54,95,96]. In particular, proarrhythmic autoantibodies targeting calcium,
potassium, or sodium channels and anti-desmosome antibodies in the heart have been identified.
These autoantibodies promote conduction disturbances and induce substantial electrophysiological
changes facilitating life-threatening ventricular arrhythmias.

Despite recognizing the basic mechanisms that can cause VF, the changes in the cardiac electrical
properties remain poorly understood. Electrical disturbances result from the immediate operation of
one or other arrhythmogenic mechanisms in different heart conditions. Accordingly, higher levels of
total T3 have been positively associated with the heart rate, Q1Ic, and negatively associated with the PR
interval and QRS duration [97].

Notably, many pathophysiological processes implicated in the development of AF and VF are
linked to a mitochondrial dysfunction, which causes an altered calcium homeostasis, an excess
of reactive oxygen species formation (oxidative stress), and alterations in the oxygen consumption.
Mitochondria are considered to be a metabolic sink and [98] the targets for suppressing arrhythmias [99].

Despite the progress in the treatment of heart diseases and the management of arrhythmias,
sudden cardiac death, occurring due to malignant ventricular arrhythmias, remains a major cause
of mortality globally [93]. An implantable cardioverter defibrillator may be efficient in preventing
sudden death due to VF when it occurs but cannot prevent VF development and/or its recurrence.
This issue remains to be investigated to reduce the risk of an incident VE.

3.2. Thyroid Status Imbalance Promotes VF

In contrast to the prevalence of AF, the incidence of VF attributed solely to the hyperthyroid
status is less common and registered with a frequency similar to that in the euthyroid population [15].
It is likely because VF is exceptional in those cases where TH levels are elevated but without
the observation of an arrhythmogenic structural substrate or channelopathies [100]. Nevertheless,
ventricular tachycardia has been registered in hyperthyroid patients suffering from Grave’s disease and
it has been associated with the interaction of autoantibodies of the 31-adrenergic, the M2 muscarinic,
and the TSH-receptors [75]. While thyroidectomy in Graves’ disease attenuates the occurrence of
ventricular arrhythmias [77], it seems likely that VF may occur in individuals with an altered thyroid
status when accompanied by the presence of the autoantibodies.

Autoimmunity may alter the myocardial electrical properties promoting idiopathic ventricular
arrhythmias [101,102]. Recent data strongly point out the implication of autoantibodies toward
the f1 and B2 adrenergic or the M2 muscarinic receptors and the myosin heavy chain in the
occurrence of cardiac rhythm disturbances [80,84,86,87,103]. Anti- adrenergic and anti-muscarinic
receptor antibodies affect the myocardial electrophysiological properties and have been reported to
be the independent predictors of sudden cardiac death in patients with various heart diseases [104].
The dysregulating effects of the autoantibodies against the calcium and potassium ion channels can
play the basis for autoimmune phenocopies of genetic cardiac channelopathies [53]. Autoimmune
cardiac channelopathies have been suggested as a novel mechanism in the development of cardiac
arrhythmias [52].

Occasionally, acute thyrotoxicosis accompanied by severe hypokalemia can induce a persistent
ventricular tachycardia [105]. Unlike poor evidence in humans, the impact of TH on the development
of VF in experimental animals is well documented [26,106-108] and associated with both the genomic
and non-genomic TH actions [109]. Perhaps because of high TH dose, the oxidative stress-related
impairment of ion and Cx43 channels is more pronounced in animal models.

Concerning TH, the prevalence of atrial versus ventricular arrhythmias may be explained by the
chamber-related differences in the expression of ion and connexin channels, the duration of the effective
refractory period, conduction velocity, and local activation time [15,110,111], as well as in numerous
signaling pathways [112] and distinct tissue pro-fibrotic properties [32]. Certainly, hyperthyroidism
promotes a myocardial electrical instability [113] due to an increased excitability and shortening of
the repolarization, thereby facilitating triggered activity and ventricular premature beats that often

30 [¢] xik/Esg | Original Article Reading



initiate malignant arrhythmias in a structurally altered heart [114]. TH may also affect ventricular
arrhythmogenesis via an influence of the ANS [115] as the density of the adrenergic binding sites has
been shown to be enhanced by a chronic or an acute treatment with TH [116,117].

4. Thyroid Malignancies, Treatment, and Risk for Arrhythmias

4.1. Pathomechanisms, Incidence, and Treatment of Thyroid Carcinoma (TCA)

Thyroid dysfunction and diseases are more prevalent in women (about 5-20 times higher than
those in men) and their incidence is more pronounced with age [118]. Likewise, the incidence of
differentiated thyroid cancer (DTCA) increases in the population over 55 years [119]. Papillary and
follicular thyroid carcinoma are the most common types of DTCA [120]. Undifferentiated medullary
and anaplastic thyroid cancer have, however, a less favorable prognosis than that for DTCA ([121].

Inflammation and oxidative stress are involved in the pathogenesis of cancer in a manner similar to
that in cardiovascular diseases [122-125] by contributing to the initiation, progression, and complication
of these diseases [126]. The genetic landscape is clearly evident and gene rearrangements are classified
according to a spectrum of the RAS-like and BRAF-like tumors [127]. BRAFV®%F mutation positivity
and mutations in the telomerase reverse transcriptase promoter may also be prognostic in TCA
progression or recurrence [128,129]. A mutational analysis helps to define the appropriate initial
management, adjuvant therapy, surveillance protocols, and treatment [130].

Standard management of the TCA patients includes a total thyroidectomy, a neck lymph node
dissection (if indicated), and radioactive iodine (RAI) ablation followed by a TSH suppressive Ty
therapy. Surgery is the primary crucial treatment to remove the tumor and the involved regional lymph
nodes, to facilitate an accurate staging of the disease, to minimize the risk of disease recurrence and
metastasis, and to facilitate a postoperative treatment with RAI and an accurate long-term surveillance
for recurrence [131]. The accuracy of the post-radioiodine SPECT/CT predicts a long-term outcome of
DTCA [128,132].

Total thyroidectomy followed by RAI has been associated with benefits in high-risk patients,
as well as in the decrease in TCA recurrence. Current guidelines recommend an individualized
approach for RAI indication [133] because its benefit in low-risk patients was not supported by
evidence [134-136]. Despite the potential adverse effects of RAI, its application increases in patients
with DTCA [137,138]. Decreased quality of life in TCA survivors has been recently reported [139],
but there is a lack of information about arrhythmias.

Post-surgery suppressive therapy with T4 downregulates the pituitary TSH that promotes growth
of the residual malignant thyroid cells [140]. Thus, lowering the TSH levels with an exogenous Ty is
involved in the long-term management of DTCA [141]. The benefit of this therapy has been established
for high-risk but not for low-risk patients [134]. Long-term treatment with Ty affects the TH metabolism
and results in a stable subclinical hyperthyroid state along with the down-regulation of deiodinases 1-2
and upregulation of deiodinase 3 [142]. Whether these patients exhibit cardiac rhythm disturbances
is not known, while an inverse correlation between TSH levels and the risk of AF has been well
established in a benign thyroid disease [143].

Besides exogenous T4, TH analogs possessing a thyroidomimetic activity, such as triiodothyroacetic
acid (an acetic acid metabolite of T3) and tetraiodothyroacetic acid (a derivate of Ty), reduce the risk
of cancer progression, enhance therapeutic effects, and suppress cancer recurrence [144]. However,
all exogenous approaches exert adverse cardiovascular effects as indicated by earlier and recent
studies [140,145-149]. It is challenging for cardiac arrhythmia screening.

The thyroid axis ‘set-points’ are significantly altered after a long-term T4 therapy and the dosage
required for the TSH suppression may be reduced over time [150]. However, the appropriate degree of
TSH suppression remains unsettled according to discrepancies among guidelines [151]. Nevertheless,
TSH in the low-normal range <1 mIU/L seems to be preferable in most patients with DTCA [133].
In the absence of prospective trials, the discussion still remains concerning the extent of surgery,
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benefit and dosing of postoperative RAI as well as the optimal level and duration of a TH-suppressive
therapy [134]. The updated trials should also pay attention to arrhythmia risk stratification when
considering predisposition to AF, including asymptomatic.

4.2. Thyroid Carcinoma Suppressive Therapy and Risk for Cardiac Arrhythmias

There is a link between AF and thyroid nodules, whereby cytokines and growth factors, such as
IGF-1, EGF, and FGF, may be involved [152]. Moreover, TH regulate oxidative metabolism and
plays an important role in the production of free oxygen radicals, thereby promoting oxidative stress.
This event, as well as autoimmune thyroiditis, has been shown to be involved in the pathogenesis,
as well as adverse effects in patients suffering from TCA [122-125]. Elderly persons, even clinically
euthyroid but with low or low-normal TSH level, are at increased risk for AF [153].

TCA is considered an independent predictor for AF along with well-known AF risk
factors [140,154,155]. Notably, the increased risk of AF in patients treated for DTCA but without
pre-existing cardiovascular disease may warrant periodic screening for this arrhythmia [156]. This is
in line with a recent study indicating that patients with DTCA along with TSH suppression below
0.1 mIU/L have a higher risk of AF [151]. Some trials did not find an association between the TSH
level but have found an association between the cumulative dose of RAI and AF within the TCA
cohort [140].

According to a Swedish Nationwide Study, DTCA patients have a higher AF incidence compared
to the general population, and females face a slightly higher incidence of cerebrovascular disease [157].
Thus, it appears relevant to pay attention to the AF risk factors as well as to an early identification
of cardiac rhythm disturbances in TCA patients during their follow up (Figure 2). It may prevent
AF-related complications and reduce the symptoms. The need for accurate risk stratification and
long-term outcome data to support the treatment decisions is highly relevant for those with early-stage,
very low-risk tumors, as well as for those with advanced and metastatic disease [134]. There is also
limited information regarding the DTCA treatment-related morbidity associated with a long-term
hypocalcemia [158] that may provoke rhythm disturbances.

RADIO-IODINE SUBCLINICAL
ABLATION HYPERTHYROID
o stalus | RISK FOR AF
| |
L- THYROXINE TSH
REPLACEMENT SUPPRESION

Figure 2. Algorithm of the thyroid cancer therapy and possible risk for development of atrial fibrillation
(AF) due to subclinical hyperthyroidism.

In the context of arrhythmias, an interesting question arises as to whether TCA patients during
follow-up exhibit some specific risk factors for cardiac arrhythmias, such as the pro-arrhythmic
31-adrenergic and M2 muscarinic receptor autoantibodies or changes in the myocardial connexins.
It has been shown that TSH and TH regulate the expression of connexins in a variety of target tissues,
including the thyroid gland [159]. Reduced connexin-43 expression in the thyroid tissue differentiates
TCA from a benign disease and provides clinical utility as a marker for malignancy [160,161],
while decreased connexin-43 protein abundance in the cardiac tissue in the experimental hyperthyroid
setting increases the propensity to AF and VF [26,27,108,162]. On the other hand, the upregulation
of atrial connexin-40 precedes AF as well [163]. Alteration of both connexin-43 and connexin-40
abundance impairs an intercellular electrical coupling, thereby affecting the myocardial conduction
and facilitating cardiac arrhythmias [5,6].
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5. Cellular and Molecular Actions Potentially Involved in Pro-Arrhythmic Signaling of TH

TH are powerful modulators of electrical properties of the heart [15,17,23,164], thus playing
an important role in the development of cardiac arrhythmias that occur due to electrical disturbances.
Molecular targets for TH implicated in electrical instability that may facilitate AF or VF occurrence
have been summarized in Table 1.

Table 1. Cellular actions potentially involved in pro-arrhythmic signaling of TH in the heart.

Target Molecule Action Response/Putative Effects
Nuclear TH receptor-mediated actions
HCN2 channels Upregulation [165,166] Enhanced pacemaker activity
Na* K* ATPase Upregulation [167] Hyperpolarization/Enhanced excitability
Ca®* ATPase Upregulation [168] Altered Ca?* handling/Triggered activity
Ryanodine receptor Upregulation [106] Spontaneous Ca?* leak/Triggered activity
Kv1.5; 4.2; 4.3 channels Upregulation [169] K* current increase/Shortening APD
Connexin-40 Upregulation [163] Altered intercellular electrical coupling
1-adrenergic receptor Upregulation [170] Sympathetic overdrive
a-myosin heavy chain Upregulation [171] Structural remodeling/Enhanced contractility
Phospholamban Downregulation [168] Altered Ca?* handling/Triggered activity
Na/Ca exchanger Downregulation [168] Altered Ca?* handling/Ca®" overload
L-Ca?* channels Downregulation [172] Altered Ca?* handling/Triggered activity
Kv 1.2; Kv 1.4 channels Downregulation [169,173] K* current increase/Shortening APD
Connexin-43 Downregulation [107] Altered intercellular electrical coupling
al-adrenergic receptor Downregulation [116] Sympathetic overdrive
Protein kinase C-¢ Downregulation [174] Reduced protein (Cx) phosphorylation
-myosin heavy chain Downregulation [171] Structural remodeling/Enhanced contractility

Non-nuclear receptor-mediated actions of TH

HCN2 (If) current Activation [165,166] Enhanced pacemaker activity

Ca’* ATPase Activation [172] Altered Ca”* handling
Na* K* ATPase Activation [21,167] Hyperpolarization/Enhanced excitability
L-Ca®* channels Suppression [172] Altered Ca?* handling
Ryanodine channels Activation [175] Altered Ca2* handling
Na+ channels Activation [176,177] Hyperpolarization
Na/Ca exchanger Activation [21] Altered CaZ* handling
K* channels Activation [21,177] Shortening APD

-adrenergic receptors Activation [117] Sympathetic overdrive

5.1. Targeting Cardiac Ion Channels

Microarrays analyses showed that the hyperthyroid status increased the expression levels of genes
encoding the voltage-gated potassium channel proteins, notably KCNA5 (Kv1.5) and KCNBI (Kv2.1),
that contributed to the main repolarizing K* currents, as well as the HCN2 and HCN4 genes encoding
pacemaker If channels [178]. In contrast, the expression of KCNQ1 (KvLQT1) and its regulator KCNE1
(minK) generating the slow component of cardiac delayed rectification, Ixs current, was decreased.
The up-regulation of Kv1.5 mRNA was greater in the atrium than that in the ventricle.

Electrophysiological studies revealed that the sinus tachycardia was related to the effect of
TH on the rate of diastolic depolarization of the pacemaker cells via the increase in the pacemaker
HCN2 (If) current [165,166]. In this context, it should be noted that the hyperpolarization-activated
cyclic nucleotide-gated HCN channels isoforms are also expressed in the atrial and ventricular tissue;
therefore, they may be implicated in promoting a triggered activity in a pathophysiological setting [179].
Indeed, TH can activate electrical triggers inducing an abnormal depolarization [180] that often arises
from the cardiomyocytes overlapping the pulmonary veins.

Enhanced triggered activity may increase the arrhythmogenic activity due to a higher incidence
of DAD that often initiate AF [70]. Delayed-rectifier Ik, and acetylcholine-regulated Ix ¢ currents
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are present solely in the atrial tissue [181]. The shortening of the action potential duration (APD)
in hyperthyroid rat atria was linked with a remarkably increased Ik, and a decreased L-type Ca®*
current [169,173,182], while the latter was increased in the ventricle [172]. Th shortening of the APD
associated with decreased refractoriness has been considered as one of the main mechanisms for the
risk of AF in hyperthyroidism [166,173,183]. These conditions likely affect the P-wave duration and
may increase the P-wave dispersion predisposing to an AF [184].

It is noteworthy that the interaction of f1-adrenergic receptor autoantibodies with the target
receptor amplifies the L-type Ca?* current (Ic,) and rapid delayed rectifier K* currents (Iys, Ii),
which result in a decreased APD and the increase in the membrane potential during the plateau
phase [53]. Interaction of the M2 muscarinic receptor autoantibodies with the target receptor inhibits
ICa and increases the outward acetylcholine-regulated potassium current (Ix ach), which results in
a hyperpolarization and shortening of APD [85].

5.2. Targeting Cardiac Ca’* Handling

Thyroid status affects myocardial Ca?* handling and intracellular free Ca?* concentration by
regulating the transcription of the genes involved in Ca®* cycling [11]. Both gene expression and
protein levels of sarcoplasmic reticulum Ca?*-ATPase (SERCA2a) increase in response to TH [15],
along with suppression of phospholamban expression [169]. It suggests an increase in Ca?* uptake by
sarcoplasmic reticulum whereby its Ca?* overload may facilitate spontaneous Ca?* leaks. An abnormal
Ca?* cycling and Ca®* leak through the ryanodine receptor (RyR) in sarcoplasmic reticulum are
involved in the occurrence of triggered activity such as EAD or DAD, followed by premature
contraction [170]. DAD may occur during tachycardia in hyperthyroidism and contribute directly to
increased susceptibility of the heart to AF and VF [8]. Moreover, TH increased the Iy, current, resulting
in an increase in intracellular Ca?* likely via an accelerated reverse mode of Na*/Ca?* exchanger [167].
High diastolic Ca?* and Ca®* overloads inhibit intercellular communication mediated by connexin
channels that may result in a slower or block of conduction promoting re-entrant arrhythmias [171,174].

5.3. Targeting Myocardial Metabolism, Structure, and Intercellular Coupling

TH induce a hyperdynamic cardiovascular state accompanied by an elevation of the left atrial
pressure and increase in the size of the atria that facilitates a paroxysmal AF [185]. It suggests
that, apart from the ion and Ca®*-handling alterations, AF occurrence is promoted by the
presence of a structural arrhythmogenic substrate, such as hypertrophy. This is linked with
alterations in the expression, phosphorylation, and distribution of the Cx40, Cx43, and Cx45
channels [35,41,58,59,162,163]. Impairment of the connexin channels deteriorates the electrical coupling
required for an AP propagation, thereby affecting the myocardial conduction and promoting re-entry
mechanisms [8]. Hyperthyroid rats exhibited a down-regulation of Cx43 in both the atrial and
ventricular tissues and were prone to an electrically inducible AF and VF [21,101,158]. In this context,
it should be noted that functional phosphorylated forms of Cx43 were markedly suppressed in both
the atria and ventricles of hyperthyroid rats. It can be attributed to the down-regulation of the protein
kinase C epsilon (PKCe) that is suppressed by TH [15,20].

Moreover, a cardiac overload of various etiologies (including hyperthyroidism) is associated
with an altered myocardial redox state and oxidative stress, which impairs the function of numerous
target proteins including the ion and connexin channels, thereby facilitating the development of AF or
VEF [5,6].

5.4. Targeting ANS and RAAS

TH interact with the sympathetic nervous system by augmenting responsiveness to a sympathetic
stimulation presumably via modulating the adrenergic receptor function and/or density. Myocardial
adrenergic receptor binding sites have been shown to be enhanced by a chronic, as well as an acute
treatment with TH [15]. There is also cross-talk between TH and the renin—angiotensin—-aldosterone
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system [186]. TH activate RAAS through the TH response elements (TREs), thereby increasing the
expression of mRNA for renin. Taken together, it seems realistic that ANS and RAAS may be additional
players implicated in the development of arrhythmias in hyperthyroidism.

6. Conclusions

TH regulate multiple nuclear and extra-nuclear processes that operate to maintain the cardiac
function. An overt or more frequent subclinical hyperthyroid state due to thyroid diseases disturb this
regulation, promoting the development of cardiac arrhythmias, mostly AF. Disorders in the intracellular
Ca®* due to an altered Ca?* handling, along with alteration of the expression and function of the HCN,
Na*, K*, and Ca?* channel and an impairment in the connexin channel-mediated cell-to-cell coupling,
seem to be crucial factors in the proarrhythmic signaling of TH. Accordingly, it appears that the
long-term subclinical hyperthyroid state including a TSH suppressive therapy with L-thyroxine may
increase the risk for AF in post-thyroidectomy patients. Though relatively uncommon, perhaps because
of a lack of real evidence due to limitations in the screening process [187], awareness about potential
interactions promoting AF, particularly asymptomatic, and to prevent undesirable consequences
is required.
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