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[H#EZE] B8 A& F RIS EF A K P42 F KA % % (thyroid-stimulating hormone, TSH) 7K F 5 ¥ K i
£ % (thyroid nodules, TN) Z ¢ % %, Fixk L2022 F9 A—2023 49 AT A A aFTERKFZHFTER
MERERZ T CREKE TN 3416 L4 ERAAB R R, B Logistic & )2 A 44 TSH & 3 = 44
5 TN thAa ki, Ft AT R4, R 5k TN A4k, TN A4kt 41 ¥ L& M #H =3
KA R R BR/ 7 B T KM & (free triiodothyronine/free thyroxine, FT3/FT4) 5+ % 4L & % W, TN 4L & = st 7
Ik B R B2 (free triiodothyronine, FT3) . TSH. # & = B ( triglyceride, TG) . /& B& (uric acid, UA) . & & &
(total protein, ALB) /K -F # A&, % % JE 5 & & 2 B] B ( high density lipoprotein, HDL-C) 7 -F | 8 %4 J& ( systolic
blood pressure, SBP) # & (P<0.05), % B % Logistic 5 #7427+ , 4k TSH K -F AF & TN 4 it F e 2 338 e
(P<0.001) . TSH =445 420 % TSH 2149 TN # i R & 2 % TSH 4149 1. 980 4% ( P<0.001) . TSH 5
TN B R (O AW P ALNTSHS A A X FEEEEERIERA(RE P>0.05), &it £
WIKAEh AL B ABE P K iE TSH KPS TINKRERGE mmt REEEAETP R EELE 4 FlE
A& TSH A B89 ¥ IR B4 JE
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Association between thyroid-stimulating hormone and thyroid nodules in
people with normal thyroid function
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[ Abstract] Objective To investigate the relationship between thyroid-stimulating hormone ( TSH )
levels and thyroid nodules ( TN) in euthyroid populations. Methods A total of 3 416 healthy adults
with complete baseline data from a hospital health management center in Guangdong Province from
September 2022 to September 2023 were considered as the study subjects. The logistic regression
models were applied to investigate the correlations between TSH levels and their tertiles with TNs.
Subgroup analyses were performed based on different stratifications. Results Compared to the non-

TN group, TNs were more common in women, the age group over 41 years, and the free
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triiodothyronine/free thyroxine ratio ( FT3/FT4 ) abnormal group. The levels of FT3, TSH,

triglyceride (TG) , uric acid(UA) , and albumin( ALB) were even lower in TN group; additionally,

the high density lipoprotein ( HDL-C) level and systolic blood pressure ( SBP) were much higher ( all

P<0.05). After adjusting for confounding factors, individuals with low TSH levels had a significantly
increased risk of TN detection( P<0.001). In the TSH tertile groups, the low TSH group had a 1. 980-
fold higher risk of TN detection compared to the high TSH group ( P <0. 001 ). No significant

interaction of TSH with other baseline characteristics was found in the subgroup analysis of TSH and

TN detected risk associations (interaction P>0.05). Conclusion In euthyroid individuals, low serum

TSH levels are associated with an increased risk of TN detection, suggesting that greater attention

should be paid to thyroid health in individuals over 40 years old with low TSH levels during health

examinations.

[ Key words] thyroid nodule; thyroid-stimulating hormone ; cross-sectional study; subgroup analysis

FHCHR IR 45 45 (thyroid nodule, TN) 4248 R i
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] P A O T 90 A 28, 2009—2015 4F A E i A TN
B K R 13. 4% i E 38 A0 2] 22. 50% 2, H R
SRR fERERERPN TN BB RIR 2
T A R F IR IR & ( thyroid-stimulating
hormone, TSH) J& /% Bt F AR It ) fi6 e BURR A H A,
TSH W] LU i3 4 B F HOBR A 400 7t 2% 1T i TSH 22 14
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ISR SR 75 0 2359 (AT RN % i e 3 DG B VE
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PEECHE A AR ST I 2 R HOR AR DD BB IE W R
I3 TSH K5 TN WEEC R, FIX I TN (1) 4
T A A BB AR

1 AMEH®

1.1 AR &

W4E 2022 4F 9 H—2023 4 9 ATE] KA
BB K 2 7 R B 3G 3k B DX i e A 3 o ik A 7 HOIR
JRAE e K AR R D) e A A, L3 2 B5 i o 4 1 fid B
HEAN 3416 AR TR, HEBRARIE: (1) HURIR T
AR HER ARG IAIT S (66 1) 5 (2) HURIZIIRE S
B (167 1) 5(3) AL HURAECL 61) 5 (4) HURAR
PN HUIR R AAE AT RE , an HIR AR R T e A8 AR
JUR L7 R, [R] RN (489 1)) , e 2 693 24 fi
KA BT, 1 18~81 %, AR &R T
BERIK 2 R e B Z St (RS R
NFEC-2024-488) .
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RBEMAA , R AR 25 I Dk il T A R A
oA A SR kAT BRI IR & R B A S0 B AT R
M 43Hr, L H [E B (total cholesterol, TC) , H il =
fi ( triglyceride, TG) . = % B A5 & (1 IH [& B ( high
density lipoprotein, HDL-C) Ik %5 i Jig 25 11 J1H [ B
(low density lipoprotein, LDL-C) %5 i Ifil 4 ( fasting
plasma glucose, GLU) JRWZ (uric acid, UA) [
[ (albumin, ALB) . il fH [ % ( total cholesterol,
TC) H1 BS-2000M 4 H 3 A= Ak 73 M AR I ( 2R 31T 31
Tty T IR A RS 7)) o FT3 FT4 TSH i
CL-2000i 4= H 3lifk.27 & 5 552 o A 3Ok (TRII
Bt WS TR A PR A ) o >R HNH-219 42
2 B e (A AT [ B e o A IR I AR
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i (body mass index, BMI) , >Rk 4 H 3+ 1L &
T+ (K% Bk 4 8 HBP-9020 ) I+ Wi 4 JE ( systolic
blood pressure, SBP) 1 &F 5K H ( diastolic blood
pressure, DBP) . HUIRMHE A K A R IR (4, B U
PRI AY (3% K F] MyLabClass ) 46 ], 7 3k #5 %

7.5 MHz,
1.2.2 #idpE (1) TN, 482 E R 5 )

IR LU TF () A . (2) HUIRIRIDAE S
O R LU 2z — &4 ) . FT3<2.76 pmol/L 5>
6. 45 pmol/L;FT4<11. 20 pmol/L 1% >23. 81 pmol/L;
TSH<0. 35 mIU/L 5{>5. 10 mIU/L, (3) AM&E AR
IR R A Z Y . FT3/FT4 /N F AR AR
O, (4) FATRIGr . IRIE T EASR G R AR, B
HESE S dEBEREE T 22 CHEZE, ES 5d P
BT 10 THAZTE R 10~22 THE KN,
e B ARARIER 2 S B AR 22 2 ASZ2 15,2022 45
11 A 12 HAFK,2023 454 H20 HAXE, (5) HE/
HEFEZ RS . e AR T A 40 e PR 2
SHE ITAGPRE: BMI<I8. 5 kg/m® BTt (R ik,
BMI= 18. 5 kg/m® H <24 kg/m® N5 1A &
BMI=24 kg/m” H. <28 kg/m’> NIrfi i & , BMI =
28 kg/m” MALRE,
1.3 %itsan

i SPSS 26 4t it # {4, £ i Kolmogorov-
Smirnov £ 50 BEORHE A 2 IER A0, iR ES
AR TR GOR A AR 1E 25 (X2s) TR, IR
B I T OREF H BCR DY B[ M (P,
Pos) 13  THECRORVR B R L E 2 [ n (%) 1 64T
Hik % TN ZHAE TN 2858 %5 52 19 it PR 9 k) 1k
1725 VRS0 Hoh 4328 sl PG 34 | 20 ) LA
K X Rde, AR T ORI 4 L ]
Mann-Whitney U K50 ; IEZS 7040 11 & 7R 2H )
ISR IS A ¢ K535, >R A Logistic [l =45 A1
PR TSH M H =i 845 TN A et SR
FRAGIPES, 745 (RCS) 4087 TSH 5 TN A5 & 2
NCER,IE 4 A0 8 AR M) FT3/FT4
SBP “FiRZ4 R, 8 2t (LR b 36 ] 7 Al 2 5¢ &R
EBAETE; A M e (ORs) 55 95% & 15 IX 1]
(95%CI) , ARYEAS[R] () FE LR B AF AT W20 43 M7, 22
HRTIR FHRUA LA, teieA | Jose BAE ALY Y
ZREGSAGITYEX, WHASHHEH RIET
4. 3.2 FEATEE S B, T A R B 2 SR B A 5, P <
0.05 HAEGIFE L,
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2.1 —fFH

YN 2 693 £ faFEMA RS 2R 25 R
1432 5], S K H R 53, 2%, B AR RN
47.0% , T PER RN 62. 1%, TN fE & (x* =
59.481,P<0.001) ,41 LI FAFIRA (x* =116. 756,
P<0.001) FT3/FT4 %4 (Z=16.925,P<0.001)
R, 59F TN 414k, TN 41 FT3(Z=-5.957,
P<0.001) . TSH(Z=-7.127,P<0.001) . TG(Z=
-2.106,P=0.035) UA(Z=-5.391,P<0.001) .
ALB(Z=-5.713,P<0.001) /K5 X, HDL-C( Z=
-3.01,P=0.003) 7K SBP(Z=3.2661, P =
0.001) B &, R 1,

2.2 TN # % B % Logistic 4 #7

PIJg A i PR IR 41 o R A8 ) DL R R 43
Mrifiide ok 19 A8 & £ 17 Z &R Logistic 7115 7317,
Pk (OR = 2. 202,95% ClL: 1. 746 ~2. 777, P <
0.001) .41 % Ll I (OR=2.339,95%CI; 1. 962 ~
2.789,P < 0. 001) . FT3/FT4 5% % (OR = 1. 288,
95%CI: 1. 084 ~1. 530, P = 0. 004) . BMI ( OR =
0.993,95% CI; 0. 965 ~1. 022, P = 0. 632) . SBP
(OR=1.007,95%CI; 1.001~1.012,P=0.013) .
TSH(OR=0.756,95%CI; 0. 696~0. 821,P<0. 001)
S TN S fER R &=, Lk 2,

2.3 TSH 5 TN # b K489 % 8%

i B8 = ks TSH ZKF-43 WA TSH 4H(0. 35~
1.589 mU/L) , ¥ TSH £ (1. 590~2. 392 mU/L) &%
= TSH #4H (2.393~5. 10 mU/L) ., 7EHIERIf A
TSH £H TN £ 3 A9 XU 2 55 TSH ZHAY 1. 860 £% ( P<
0.001) , AR PER 5K TSH 41 TN A9AS H XL
W25 TSH 41/ 2. 007 £% (P<0.001) , &% 14 51
4£4%  FT3/FT4,SBP . FT3 TSH, TG HDL-C, UA,
ALB 51K TSH £ TN £ i3 XU 2 =5 TSH ZH11%1. 980
fi5(P<0.001), RCS 4377~ , TSH 5 TN XU 5 9k
LY SE(P=0.003) , 24 TSH<1. 8 mU/L i}, TN
AU Bt TSH F#AR b 2 7455 ; TSH=1. 8 mU/L i, X{
Bt TR, IR RS, TSH &K 1 mU/L,
TN XU 3N 24. 3% , W3 3,

2.4 TSH 5 TN # ik K e % Bk g 20 5 7

T B0k TSH 55 FHCHR R 45 77 4G HB XU 1) O 2R
JE A R AR Ay 2 AN [A], ARAIE ST DL TSH = 43 i 5k
R o SR R AT 3 B B, S (AP ) S [ AF
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B4 A FE = TSH 4146 1 TN XURS 82 fi%
TSH 411i% ., H. TSH 5K [\l 19 3L 28R AF 1 W 4 A A7

%40

%1 3E TN A TN AHEEZ R

Tab.1 Comparison of general data between thyroid nodule group and non-nodule group

[”<%)9M(P25’P75)]

TEAGIT B XL HAEH (2 H P>0.05), 0L

ks Mt (N=2693) JE TN 41 (n=1261) TN 4l (n=1432) X'z P
5 59.481 <0. 001
B 1595(59.2) 845(53.0) 750(47.0)
ik 1098(40.8) 416(37.9) 682(62.1)
iR % 116. 756 <0. 001
18~40 1436(53.3) 812(56.5) 624(43.5)
=41 1257(46.7) 449(35.7) 808(64.3)
FT3/FT4 34 16. 925 <0.001
7 1347(50.0) 684(50. 8) 663(49.2)
£ 1346(50.0) 577(42.9) 769(57.1)
= 0.397 0.529
# Fk 921(34.2) 439(47.7) 482(52.3)
=2 1772(65.8) 822(46.4) 950(53.6)
BML/ (kg-m™?) 23.81(21.42,26.20) 23.91(21.5,26.35) 23.71(21.37,26.10) -1.308 0. 191
SBP/mmHg 118(109,131) 117(108,129) 119(109,132) 3.266 0. 001
DBP/mmHg 72(64,80) 71(65,79) 72(64,80) 0.639 0.523
GLU/(mmol-L™") 5.44(5.16,5.79) 5.43(5.15,5.75) 5.45(5.17,5.84) 1.953 0. 051
FT3/(pmol-L™") 4.54(4.18,4.91) 4.62(4.24,4.98) 4.49(4.15,4.84) -5.957 <0.001
FT4/(pmol-L™") 17.69(16.07,19.45) 17.67(16.05,19.49) 17.70(16. 11,19. 43) -0. 482 0.63
TSH/(mU-L™") 1.946(1.408,2.710) 2.073(1.528,2.847) 1.824(1.323,2.523) -7.127 <0. 001
TC/(mmol-L™") 5.03(4.46,5.66) 5.02(4.41,5.63) 5.04(4.51,5.69) -1.65 0.099
TG/ (mmol-L™") 1.22(0.82,1.89) 1.24(0.85,1.97) 1.2(0.805,1. 84) -2.106 0.035
HDL-C/(mmol-L™") 1.33(1.12,1.59) 1.32(1.1,1.55) 1.35(1.14,1.62) -3.01 0. 003
LDL-C/( mmol-L™") 3.26(2.72,3.80) 3.25(2.71,3.77) 3.27(2.73,3.81) -0.673 0. 501
UA/(umol -L™") 372.24(299.80,450.21)  386.10(313.77,462.64)  358.37(292.71,439.77) -5.391 <0.001
ALB/(g-L™") 43.94(41.93,45.95) 44.39(42.25,46.41) 43.62(41.66,45.64) -5.713 <0.001
1 mmHg=0. 133 kPa
%2 TN ZWMEZEK S EZE Logistic B35 #7
Tab.2 Multivariate Logistic regression analysis of influencing factors of thyroid nodules
95%CI
A i B S.E. Wald P OR
TR B
Zk 0.789 0.118 44,395 <0.001 2.202 1.746 2.777
=41 % 0. 850 0. 090 89. 644 <0.001 2.339 1.962 2.789
FT3/FT4 5% 0.253 0.088 8.254 0. 004 1.288 1. 084 1.530
BMI -0. 007 0.015 0.230 0. 632 0.993 0.965 1.022
SBP 0. 007 0. 003 6.234 0.013 1. 007 1. 001 1.012
FT3 0. 068 0. 099 0. 477 0. 490 1.071 0.882 1.300
TSH -0.28 0.042 44.1 <0. 001 0.756 0. 696 0. 821
TG -0.018 0.029 0.411 0.521 0.982 0.928 1.039
HDL-C 0. 055 0.14 0. 154 0. 694 1. 056 0. 803 1.389
UA 0 0 0. 159 0.69 1. 000 0.999 1.001
ALB 0. 003 0.01 0.112 0.738 1.003 0.983 1.024
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Tab.3 The association between TSH and TN
AL 1 R 2 Y 3
OR(95%CI) P OR(95%CI) P OR(95%CI) P
1% TSH 21 S% <0.001 b= <0.001 5% <0.001
' TSH 2 1.328(1.103~1.599) 0.003 1.371(1.130~1. 663) 0. 001 1.354(1.116~1.644) 0. 002
= TSH 4 1.860( 1.541~2.244) <0.001 2.007(1.649~2.443) <0.001 1.980( 1.625~2.413) <0. 001
RERY 1, JOURE AR 2, JREEAR IR AR B 3, PR PRI AR IE FT3/FT4 . SBP FT3 TSH,TG ,HDL-C UA ,ALB
F4 TSH 5 TN #&H XU BRI 2H 43 1
Tab.4 Subgroup analysis of the association between TSH and TN
{i% TSH £ *H TSH £ 5 TSH 4 N
AR n He (% ) ZH P
OR(95%CI) P OR(95%CI) P OR(95%CI) P
W4 1 0.327
Bk 1595 59.2 %% 0.62(0.49~0.79)  <0.001  0.53(0.42~0.68)  <0.001
Begca 1098 40. 8 5% 0.80(0.57~1.11) 0.187  0.45(0.32~0.62)  <0.001
W4 2 0.202
18~40 % 1436 53.3 5% 0.84(0.64~1.09) 0.179  0.60(0.46~0.78)  <0.001
=41 % 1257 46.7 5% 0.58(0.42~0.77)  <0.001  0.46(0.34~0.62)  <0.001

W 1. PR FT3/FT4 SBP FT3  TSH . TG .HDL-C \UA ALB;W.4H 2. {#% 5] FT3/FT4 SBP FT3 TSH.TG HDL-C UA ALB

RS BMI TR0 TSH 5 TN (1568 A HF
4% BMI 43 JZHEAT 4153 BT, BMI<24 kg/m® M IF
R ,24<BMI<28 kg/m’ A#HE ,BMI =28 kg/m’
FRERE, FEIE R AR ABE(n=1235) ",k TSH 41
TN £t XU 2 %6, o TSH 415 & TSH 411
OR fH 34 1. 32(95%CI; 1.05~1.66) F1 1. 91
(1.52~2.39) ;BB AHBE(n=1012) ", & TSH
ZHOR fH M 1.28(0.98~1.67) Fl 1. 85(1. 43 ~
2.39) ; HEE A BE (n=446) 11, %% OR {H K 1. 15
(0.82~1.61)F11.72(1.21~2.45) , #t—F @t
SR ILAS G R B8, TSH 5 BMI A2 BEAE LG 2+
X(P=0.176) , /= oIS Aot 1 7 o E s IR,
I TSH AHERY TN A i JAUSE 34 82 3% 7% TSH A
i, HAZOCHAR T BMIARZAS

3 i

TN — E & — > ERPE AR B, HORIRES 1
F LRI RRBRIE 120 T8 r 48 th A5 Bl & o PR i
TN K R 0] 53k 20%~76%" . TN 1 & 4%
Zo P R 2 | AN (] e S MR AR, TN AR &z H
T HE R RS AR, AR SR, 7t ks
J& TN [ fER R 27 1 TSH 5 TN 56 &
A, LD SRui i as " (sl , TN
M &S TSH TGk, {HiX B pff 53 A FEX N Hh 247
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N, Dauksiene 25" i) —T0 & T 48 ~49 % HUAR IR 3
REIE & AFERIBRFFEIA N, B K TSH 2 TN £
RIEANR RN & . Liang %7 % BL7ENE Bk K2 48
NHEH TN RS A, A58 SR R T i 3, 40
A 18~81 2 NHF, 38 o0 75 i A & B TN S it 32
}53.2% , M (62.1%) BE T B (47.0%),
41 B UL NBER R 5A 64. 3%, £ Logistic 7]
H53 BT 7K P TSHCIE 3 SN ) & TN By
SEfERR N ZE 5 Shin 45 7 E TR A — 2
HR A HUAR BRZS 5 F0 40 A AL R IR B 1236 45
CHS R ) I, A R AN A X AR v A
FEEAT FECIR B8 75 0 A | DASBE S ad BE 32 W 72 A R
BEAERIE RN, ST R B A A I H £ K
R (2022) ) H UK AR BRI BER I AN A T B AR
GIH " TSH 5k FUR BRI REAG 2 9 — Ze 3845,
B3RS B AU IS R I AT I R SR
e, HUR R D BRI & F MV AL 30100 H | B AR XT
T B 17T FF R B e e D) 5 22 B 22 s ) AR R
AT R FH = o0 50 85000 21 8 202 O A WF o8 A BE
TSH #4b T 52 55 % 1F % 5 [l (0. 35~5. 10 mU/L) ,
=B 2 AT A 520 1 T DX ] P R R
REICFR o AHESE B UAE H [ A g b DX %) FRORR B ) R
1EH ABER &L, RIE TSH /KF4bF1E 5 2% 6 B
(0.35~5.10 mU/L) N, Ak K F B9 TSH ( O1;
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0.35~1.589 mU/L) 4/5-5 H R A 485 15 Ay Az o XU i
FHEOMAR 5 (V9 )5 L i L OR = 1. 980, 95% CI.
1.625~2.413) , X—{K TSH-TN Bt & IR 78
KA A (A 38, ] L2 0K TSH 7K
T 1.589 mU/L 1E Rk A7 HBR i 8 75 i 25 7 — 1> B
TR . XA Bl T4 = 0 A (0 X1, iR BB
BT BRI IR, SEEURG AR A B

FEARAMATE | HR IR 276 TSH RS TR
A BREETT Y A IEST AR B I TSH AR B
PRRRZ 18] () 4. 28 G, TAh TSH Wl BEZE S 15 A9 TE Al
TR RAEEA Y e A~ AR, TSH K5
TN b XU Z ) 6 R 2 ARG, 158, FE G IR
Hh 3 A AR FEODR R B 2K LT TSH ZKSF- 1 41 2]
EWIRLHERL T, LLAE4E /N TN B H 1),
I, 7E S X | R AR 2 T R4 Bh T4/
FFOPR B (A BEURD TS 39 (9 TN B0 B {E 2 70 E el
XAIRTTRCR AR IH 2 X H % T TSH KX
TN A6z XURS: 67 1] 5% 0 B4 P . HL UG 7 ] G R Al
PR A FR IR A A7 AE FLAh AL, L] fig 55 R
BRAE R G BR R (1L A0 AR K T g P L IGF
ST TSH i EAT Joy s (2 20 it a4 A iV FA O
BIFEINA TSH K22 st 4 R R i A HERR
15t DR 2R [ )5 e 2 IR R 45 50 08 i, e 4h, H
T 22 B0 WF 98 A il 55 TSH /K F 5 BHL IF A 56 ¢
Z FR[E TIDE 5 H 84 /8 TN BB R %
WA BE I R R, 7EFRBLUK -5 TN BRI HERTF 5T
SRR =300 we/L J& TN i &™) ik
ANHEBRAE HR R T8 1E 38 FE A = TSH KX TN
B 5 s PR AR TN A 4P A A8 58 E AL
Ak, R4 NHANES 1.7~k TSH Fifi 45 #% 38 K i 7
0 EARRRSE T TN R TSH AR 488 24
NAIK TSH W] RE S W AE 26V A6 1 FOIR IR B DI fig =
F NI TN A4 H R, 22, B ok H 4
TH2F 00 AR BE N DA R 1 Y LN 55 TSH ZKF 2 TN
USSR B A

AU FE R e R 2R 32 52 D S 6 =8 s oy
AT R Z B 2R R Z B, A 5T es i,
TSH 7K AT RESZ P B RAR I Z0 ) Bty
B RYRR , AHIE ST T SE R A PR AR R AR T
- 8.00~11.30 47 , RHFRMA T EWIHER, IFR
Pt AR R O ISR AT TR T, 25 b
JIFIR  ABIFGE I 0 4 3 a7 4 o ) AR
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