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Abstract

Objective: Considerable evidence showed that thyroid hormones have impact on homocysteine (Hcy)
level which was strongly associated with cardiovascular disease. However, only a few research have
shed light on the correlation between thyroid hormones sensitivity and Hcy. Consequently, our
study aimed to explore how Hcy correlated with thyroid sensitivity-related parameters as well as
the mediating role of creatinine (Cr) in euthyroid Chinese adults. Methods: This research included
9713 euthyroid participants in total. Thyroid hormones sensitivity indicators were derived from
thyroid hormones. Linear regression models and logistic regression models were utilized to assess
the correlation of thyroid hormones sensitivity with Hcy. Mediation analyses were performed to
assess the statistical mediating role of creatinine. Results: As depicted in the outcomes of multiple
linear regression and logistic regression analysis, indices of thyroid hormones sensitivity, including
thyroid stimulating hormone index (TSHI), thyroid stimulating hormone resistance index (TT4RI),
thyroid feedback quantile-based index (TFQI) and parametric thyroid feedback quantile-based in-
dex (PTFQI), were positively associated with Hcy level. Cr statistically significantly mediated 23.96%,
24.88%, 22.10% and 22.87% effect of TSHI, TT4Ql, TFQI and PTFQI on Hcy. Conclusions: Reduced
thyroid hormones sensitivity related to elevated Hcy level and Cr might statistically mediate this
association. As this was a cross-sectional study, it could not establish causal relationships. Future
prospective studies were needed to further validate causality.
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1. 5]

AR B R (Hey) & — R &b A 2R, TR P =4, [R5 P b iR - ZEim i ff
SRR AEERUS AT, HrP B 44 & B12. 44 % Bo AR S 5[1]. & A 2L 2 B & R [fURE (HHey)
T E SONIMLF B2 B ER K T 10 pmol/L (BUARYE A FlbR#E, KT 15 pmol/L) [2]. [FIZL T &2
TEREETEA(ROS) AL, 75 5 4 KA AR 1%, M T (e B 25 5 B 2R B [E| BE(LDL-C) AL, S T8
M REZ B[ 1] 5T ABFICRIN, o A AL~ e R IURE 5 o L 50075 (S T IR S o « (O IR B 25 ) % 1)
MIZR[31[4], RN SR BIRRARERIE[S] AEHHFRAT6]. 181 1 R [ 7)F0 FFOIR BRI [ 8] 9145 22 R
LIPS

ik

5

FOR BRI R AR AR R R 28 R R R o A 70 B () 284~ Ik S R /K SPAN AN 9 FROIR IR 35 (F T4)
FEAHAAK[10]. {E Bamashmoos 55 NIIBFFiH, S55EIRER T FT4 7k, [FIZL P2 B o A FOIR B
(TSH)Z EARSE, A9 25 =M HCIR SR 2 BR(FT3) JE 5K 117 1 tH A UE45 2 B [F) 2L 2 ok 2 B A FT3 [ ) F AR 56
KAR[12]. RLEHE TS RAFAEE A — T LR, HURIRBERBURIE TG 51 AT R . HUIR BRI
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RRUBMEFREUE  Laclaustra 25 N ZE— 32, AbAT125 B8 2 HUR BRI R 07 mp LB 1 T HUR BRI
EPERR R, TR R HOR AR S IR SRR RO IR R SR S 2 AR G, AL
BEIRIB[13]s R RERIAE[14] AERERE[1S)AVE FRERAA[16]. AUH BB FUARZR T H R IR 3R SO Fi [R] 2
FPRAIR R R[17], HATZR R RPIRRR D Bk, RS R RS E R IE ) 68
TR RO N H, FOBR i g Uk P A () 28~ B 2 R PR DG, FE 231 ALEF(Co) i AR I B DR AE H R
Mgt =R e

2. AREH®
2.1. FAEAEE

AT A A T T U AN T 2019 4E 1 H 1 HEI 2023 457 A 31 H AR FEATT K 2285 24 B B @ AR i
T % o At A B R CodE AT (g BREAAAS: (1) AN o A SR 22 ORACAS TSR FH 38— A RV EHR o HERR AR TEE QD T
(1) BEEGRARE: (2) FRIRDIBE AT BONTE: (3) BRAEA HURBRAO « 7™ 5 DO R4 35 A A b
FINEE; (4) AR FORBRIIRE 29I N . IRZ8 9713 NN EIB L rf . ARF TR T ERiAG B2
T LR LS NOBR &R KRB A 5 2025 B8 1178 5).

2.2. BUEEREMENX

ZHFMNCFRE. A3E77 0, B SR 25 58 AR Al i @ R R e . RS S
PR AR R E R ISR . T RIS I AR A TSI = B R A, AP 4R MCV). 2
MAEFBG). SHMERLTC) HM=ER(TG). =% FE & E HE EE(HDL-C). %% B i & 1 I [ % (LDL-C).
TP BE IR (ALP). B NFAZAM(ALT) JRER(UA). FEMLIMZLEE HI(HbALC). Crv Hey. TSH. FT4 A1 FT3.

FOIR AR T 6 IE 5 € N IE & 5 FE A TSH (0.35~4.94 mIU/L). FT4 (9.00~19.05 pmol/L) % FT3 (2.63~5.70
pmol/L), HA FUAR BB BOELE IR A FOR RS R 294 . AR L 3L UURE AR 7, R 3L R R
I4EHHey) € XA Hey >10 pmol/L [18]. S5t & 45 Z(BM) I 115577 O AR H (k) Bk BA & =1 HI°F- 77 (m?).
2.3. RRBRM R BURMIEH

e FUR BRIBCR PR 2(TSHI) L {2 FUR SR IR PTE EU(TT4AR) « FUR IR S b5 20 B By TFQD A S 4 R
JiR 2 15t 3 Sr BFE EU(PTFQI) 2 5 FH (4 A AR B Ut 48 4. Hoh TFQI A1 PTFQI I HUE Y5 -1
B 1, FAECRET W - EAR - FURIRGIHPT St FT4 40 SR, 10 E 200 3R B U B . TSHI Al
TT4RI 3R T FUR IR R BRI 281, R AR R Ut Fe i S A =R R . (1) TSHI =
InTSH (mIU/L) + 0.1345 x FT4 (pmol/L); (2) TT4RI =FT4 (pmol/L) x TSH (mIU/L): (3) TFQI = (cdf) FT4 —
(1 —cdf TSH): (4) PTFQI = ¢ ((FT4 — uFT4)/6FT4) — (1 —¢ ((In TSH —pln TSH)/cln TSH)) [13].

2.4. BARSHR

iz H Kolmogorov-Smirnov 46 47 ESAL B K IEASYERES, M6 IES DM KNDESA BRI AMIME + 45
W2, DG RS RIESAR EFRR RO B (Y AR EE), ZHIA BRI SR g H « /e s -
e U e, 7R B ERRNIR(EDE), 18HRITRIIET AR LR . 38 2 513 20 BRI
RBUBVESREOR Hey MIER, FRlHT 2 LB MR LE . FORIRECER UM 20 HHey (R FIC R iz
T Logiste [FIA53 4. 8L 1 R A%, A0S 2 YR T VRGN, A0S TR R s AN B A T AR A
R 3 FEARTY 2 [3ERE E5INT MCV. FBG. HbAlc. ALT. ALP. TG. LDL-C. HDL-C il UA. AT #
5 Bk ok R AR, TADEIZYERN . W (<65 & F1=265 %) BMI (<24 kg/m? F1>24 kg/m?). W 5. 1K
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W 52 A1 MCV (100 fL F1>100 fL)EAT 7 WAL AT [z F 28 1k 11 U5 23 BT FROIR i R s v A b 5 LG
Z (B A, WUEFS Hey Z (MBI . ), 18It Bootstrap /71, R WLEF/E F R AR 2 stk 48
5 Hey KECH G SR A 808 . BT HR B8 PR R T PR R 4RI TR0 A /RS FE L. MCV.,
FBG. HbAlc. ALT. ALP. TG. LDL-C. HDL-C I UA.

FIr A s 73 Ak SPSS 26.0 #l R #BAF(IAS 4.4.1), LA P<0.05 AH S REN.

3. 58
3.1. B ABEAFT

T PR AR BB IE . ABFFEANT 9713 LTF A AHRAER B SEE N, AE8 A1 3L
N 50 (44~57)%, 3N T AF HHey 4H.(n = 3598)F1 HHey #H(n = 6115). H:1 6210 (63.93%) A Bk, H B
BAHEA T ST HHey B%. BAM S, HHey 4A % m/KFH MCV. BMI. FBG. HbAlc. ALT.

ALP. TC. TG. LDL-C. UA. Cr. FT3. FT4. TSHI. TT4RI. TFQI A1 PTFQI, ¥#{&/ HDL-C.

Table 1. Characteristics of participants

* 1. 25ENHIE

= BB =9713) 4 HHcy ZH(n = 3598) HHcy ZH(n = 6115) P18
WD) 50 (44~57) 48 (43~55) 52 (45~58) <0.001

P51 <0.001

Eeis 3503 (36.07) 2325 (64.62) 1178 (19.26)

Piyis 6210 (63.93) 1273 (35.38) 4937 (80.74)

W S G, %) 2374 (24.44) 518 (14.40) 1856 (30.35) <0.001
RBGZ, %) 3358 (34.57) 921 (25.60) 2437 (39.85) <0.001
BMI (kg/m?) 24.20 (22.13~26.30) 23.27 (21.36~25.45) 24.64 (22.70~26.70) <0.001

MCV (L) 92.10 (89.60~94.70) 91.80 (89.20~94.40) 92.30 (89.80~94.90) <0.001
FBG (mmol/L) 5.22 (4.89~5.68) 5.12 (4.81~5.53) 5.28 (4.94~5.75) <0.001
HbAlc (%) 5.60 (5.30~5.90) 5.50 (5.30~5.80) 5.60 (5.30~5.90) <0.001
ALT (U/L) 20.00 (15.00~30.00) 18.00 (13.00~26.00) 22.00 (16.00~33.00) <0.001
ALP (U/L) 71.00 (58.00~85.00) 66.00 (54.00~81.00) 73.00 (61.00~87.00) <0.001
TC (mmol/L) 5.08 (4.46~5.76) 5.06 (4.43~5.73) 5.09 (4.47~5.77) 0.206
TG (mmol/L) 1.39 (0.96~2.05) 1.20 (0.85~1.75) 1.51 (1.05~2.20) <0.001
HDL-C (mmol/L) 1.24 (1.06~1.46) 1.32 (1.12~1.55) 1.20 (1.04~1.41) <0.001
LDL-C (mmol/L) 3.20 (2.68~3.72) 3.16 (2.66~3.67) 3.22 (2.70~3.74) <0.001
UA (umol/L) 360.00 (297.60~424.00)  312.00 (263.30~375.00)  386.00 (329.30~444.00)  <0.001
Cr (umol/L) 74.00 (63.00~84.00) 63.00 (56.00~74.00) 79.00 (70.00~88.00) <0.001
Hey (umol/L) 10.90 (9.20~13.10) 8.70 (7.70~9.40) 12.40 (11.10~14.30) <0.001
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TSH (mIU/L) 1.58 (1.14~2.21) 1.58 (1.13~2.24) 1.58 (1.14~2.19) 0.445
FT3 (pmol/L) 4.55 (4.18~4.92) 4.44 (4.07~4.81) 4.61 (4.25~4.98) <0.001
FT4 (pmol/L) 12.61 (11.84~13.51) 12.36 (11.58~13.26) 12.74 (11.97~13.64) <0.001
TSHI 2.16 +0.49 2.14+0.50 2.18+0.49 <0.001
TT4RI 19.96 (14.46~27.83) 19.60 (14.18~27.78) 20.15 (14.60~27.86) 0.075
TFQI ~0.04 (-0.31~0.21) ~0.08 (~0.36~0.17) ~0.01 (~0.29~0.23) <0.001
PTFQI 0.00 (—0.27~0.25) ~0.05 (-0.33~0.21) 0.01 (~0.28~0.23) <0.001

vE: Hey (FIZUEBEEER): HHey (R F AR RRINAE): BMI (B A EH8%50):; MCV CPHIIYiuikFN); FBG (i
MFE); HbAlc LA EH); ALT (BHHEZN); ALP (BMEBEEREY); TC (SHMERE); TG (Hih=H5); HDL-C (=%
S e R A NEERE); LDL-C (K25 E I E A HEEE): UA (RER): Cr(WLET); TSH (M2 HUIR S E); FT3 (5 Al
RIREER); FT4 (75 HFARIEZR): TSHI ({2 RIS R AR 50; TT4RI ({2 FOR BRI R HEPIHRE0;  TFQI (R IR S 5 43
PEHBED; PTFQI (B IRAR S i o B 50)

3.2. FURBRAMRBURIEIEEA Hey X R

R BARTRMERIAMSER ., ERE T ZHMAZE)S, TSH(B=0.216, P <0.001), FT4 (B=2.344,P<
0.001), TSHI (B=0.508, P<0.001), TT4RI(B=0.021, P<0.001), TFQI(B=0.810, P<0.001)F1 PTEQI (B
=0.767, P < 0.001)f1 Hey A5, 1 FT3 1 Hey MITGK.

Table 2. Linear regression analysis for the correlation of thyroid parameters and homocysteine in all participants

2. PR R MR RAE R 4 M R X R &M RVA DR

iR 1 i Eill) A 3

B (95%CI) P1ia B (95%CI) P1E B (95%CI) P1E

TSH —0.061 (—0.185, 0.063) 0.335 0.236 (0.117, 0.354) <0.001 0.216 (0.099, 0.334) <0.001
FT3 1.524 (1.218, 1.830) <0.001  0.146 (-0.161, 0.452) 0.351 —0.063 (—0.371, 0.245) 0.689
FT4 4.333 (3.279, 5.387) <0.001 2.446 (1.438, 3.453) <0.001 2.344 (1.334,3.354) <0.001
TSHI 0.217 (0.000, 0.434) 0.050 0.550 (0.3435,0.755)  <0.001 0.508 (0.304, 0.712) <0.001
TT4RI 0.004 (—0.006, 0.013) 0.477 0.023 (0.014, 0.033) <0.001 0.021 (0.012, 0.031) <0.001
TFQI 0.764 (0.477, 1.051) <0.001 0.869 (0.598, 1.139) <0.001 0.810 (0.540, 1.079) <0.001
PTFQI 0.726 (0.445, 1.007) <0.001 0.823 (0.558, 1.088) <0.001 0.767 (0.503, 1.031) <0.001

VE: BIRY 1. RUEEE, BLR 2. JHEEMERI. GERS. WM SR, UK A BA R B A, A 3. REEMEN. ERE. TR
SN, SRR EIRS. YA, S, B g e, SEEEE. MR . =, K
AR R EEE . B A A RH R BEAURER . TSH (2 FUIRARILE); FT3 (I =R IR ZR); FT4 (O & R
MRZ): TSHI(fE BRI E TR £ TT4RI (e RIS EEILPTIEED): TRQI (AR R 15 b 8k640): PTFQI (4 H
RBRSR A LB e 2 CL(BAF X E).

N T DA BRI R SR E R 2R Hey BIC R, TA PR AR IR U Fe B DY 7 6 5o 4,
Hey 7342754 HHey, #4T T Logiste [BIHZ 4T, THE T EUAE EL(OR)HT 95% B X [H(CI), &5 % 3 fr
7~o TSHI. TT4RI. TFQI F1 PTFQI H x5 7K1 173 2H 5 B /K P 1 43 40 AH LE 350 i HHey RS i

DOI: 10.12677/acm.2026.163953 1684 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.163953

WSS, RN

Table 3. Logistic regression analysis for the correlation of thyroid hormone sensitivity and hyperhomocysteinemia

3. FRIRA RS MRS F R M RELMAE X R logistic VA4

W, SRFURRE. T AMARTR,

| BT 2 B 3
OR (95%CT) PE OR (95%CI) PiE OR (95%CI) P1ia
TSHI
201 (~, 1.834] 1.000 (Reference) 1.000 (Reference) 1.000 (Reference)
2H 2 (1.834,2.161] 1.104 (0.983, 1.239) 0.094 1.217 (1.067, 1.389)  0.003 1.195 (1.046, 1.367) 0.009
41 3 (2.161, 2.503] 1.247 (1.109, 1.401)  <0.001  1.512(1.323,1.729) <0.001  1.503(1.313,1.722)  <0.001
2H 4 (2.503, ~] 1.178 (1.049, 1.323) 0.006 1.686(1.474,1.928) <0.001  1.621(1.414,1.858)  <0.001
TT4RI
21 1 (~, 14.460] 1.000 (Reference) 1.000 (Reference) 1.000 (Reference)
2H 2 (14.460, 19.961] 1.055 (0.940, 1.185) 0.362 1.161 (1.018, 1.325)  0.026 1.156 (1.011, 1.321) 0.034
2H 3 (19.961, 27.830] 1.162 (1.034, 1.306) 0.016 1.434 (1.255,1.639)  <0.001  1.419(1.239, 1.625)  <0.001
2H 4 (27.830, ~] 1.085 (0.966, 1.218) 0.170 1.607 (1.405,1.838)  <0.001  1.555(1.357,1.783)  <0.001
TFQI
2H 1 (~—-0.314] 1.000 (Reference) 1.000 (Reference) 1.000 (Reference)
2 2 (-0.314,-0.035]  1.274(1.136,1.430)  <0.001  1.350(1.183,1.540) <0.001  1.353(1.184,1.547)  <0.001
20 3 (-0.035, 0.208] 1.478 (1.316,1.659)  <0.001  1.693 (1.482,1.933) <0.001  1.661 (1.451,1.901) <0.001
2H 4 (0.208, ~] 1.547 (1.377,1.739)  <0.001  1.851(1.619,2.116) <0.001  1.791 (1.563,2.053)  <0.001
PTFQI
2 1 (~,—0.274] 1.000 (Reference) 1.000 (Reference) 1.000 (Reference)
712 (-0.274,-0.004]  1.276 (1.138,1.432)  <0.001  1.464 (1.283,1.670) <0.001  1.453(1.270,1.661)  <0.001
2H 3 (=0.004, 0.252] 1.362(1.214,1.529)  <0.001 1.614 (1.414,1.842) <0.001  1.578(1.379, 1.805)  <0.001
H 4 (0.252, ~] 1.588(1.413,1.785)  <0.001  1.927 (1.685,2.204) <0.001  1.860 (1.622,2.132)  <0.001
e BERY 1 RUEEE, AT 2. UREEVERN. AERE. WOESE. UM SRR S AT E TR A R 3. RPN ARRS. WOEER. K

TR PR . WA IR . H =0, (K AR E A e

W e P TG 2 1 L B AT R R . TSH (IR BRI ES): FT3 (S =IEDRIEEIR): FT4 (5 BRI EE): TSHI (2 FIR
BRI IRED); TT4RI (2 HURIR R P8 20 TRQI (FURIR 570 A 338 %0);  PTFQI (S5 R IR S 5t 7 A 336 %0); OR
(ELfEE)s CICEfE X ).

3.3. LHTHT

Ve AERE . BMIL MR SE . PG SRR MOV #EAT R 20 70 4, HOIR BRI R UL Fi 20/ HHey (8] 5%
AR —BUE(E 1),

3.4. AT oA

e AR A A &5, TSHI (B=1.616, P<0.001). TT4RI (B=0.070, P<0.001). TFQI (B =2.389,
P <0.001)f1 PTFQI (B=2.339, P<0.001)5 Cr 215, Cr(B=0.077, P<0.001)5 Hey 21EAHX. 7EH
AorHTH, Cr 75 HUR BRSER BUB R BOR Hey 1026 R RIER Gt R B . TR R 5 I AL
NAEII KT 20% (5 4).
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B
WL n (%) OR (95%C1) Pl RHARMIPH W n (%) OR (95%CI) P H{EAPH
SRR 9713 (100.00) 1.437 (1.303, 1.584) ] <0.001 AR 9713 (100.00) 1.014 (1.010, 1.019) - <0.001
R 0.503 PRI 0.861
7 3503 (36.07) 1.469 (1.264, 1.707) fad <0.001 “M 3503 (36.07) 1.014 (1.007, 1.020) [ <0.001
Bt 6210 (63.93) 1.394 (1.223, 1.588) [ <0.001 Bt 6210 (63.93)  1.015 (1.008, 1.021) [ <0.001
AR 0.454 i 0.287
<60 8036 (82.73) 1.430 (1.285, 1.591) g} <0.001 <60 8036 (82.73) 1.014 (1.009, 1.019) F=f <0.001
260 1677 (17.27) 1.489 (1.157, 1.918) (el 0.002 260 1677 (17.27)  1.018 (1.006, 1.030) == 0.003
BMI 0.773 BMI 0.957
<24 4580 (47.15) 1.496 (1.301, 1.719) Fed <0.001 <24 4580 (47.15) 1.015 (1.009, 1.022) Fed <0.001
>24 5133 (52.85) 1.382 (1.203, 1.586) ol <0.001 =24 5133 (52.85) 1.013 (1.007, 1.020) et <0.001
WA 0.104 U3¢] 0.023
% 7339(75.56) 1.374 (1.229, 1.536) ot <0.001 % 7339(75.56) 1.012 (1.007, 1.017) ol <0.001
2 2374 (24.44) 1.689 (1.371, 2.080) — <0.001 2 2374 (24.44) 1.026 (1.015, 1.038) = <0.001
7eil] 0.626 IR 0.260
% 6355(65.43) 1404 (1.245, 1.582) et <0.001 % 6355(65.43) 1.012 (1.007, 1.018) o <0.001
2 3358 (34.57) 1.492 (1.258, 1.769) [ <0.001 S 3358(34.57) 1.019 (1.010, 1.027) [, <0.001
MCV MCV
<100 9411(96.89) 1.419 (1.285, 1.567) = <0.001 0.204 <100 9411(96.89) 1.014 (1.009, 1.019) [ <0.001 0.295
>100 302 (3.11) 2.237 (1.195, 4.187) | —— 0.012 >100 302 (3.11) 1.032 (1.000, 1.064) | — 0.048
—r T T 1T 1 1 T 1
0 1 2 3 4 5 0.95 1 1.05 1.1
C D
L% n (%) OR (95%CI) Piii ZHAFHPIE TEH n (%) OR (95%CI) Pl RHAFHPIH
BB 9713 (100.00) 1.782 (1.564, 2.030) [ <0.001 SABE 9713 (100.00) 1.767 (1.555, 2.008) [ <0.001
TR 0.117 I 0.076
Zt 3503 (36.07) 1.954 (1.600, 2.385) = <0.001 ZM 3503 (36.07)  1.969 (1.612, 2.404) e <0.001
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Figure 1. Forest plots showing subgroup analyses of the association of TSHI (A), TT4RI (B), TFQI (C), PTFQI (D) quartiles
and Hcy level.
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