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Abstract

Objective: To investigate the relationship between thyroid function and bone mineral density
(BMD) in patients with type 2 diabetes mellitus (T2DM), aiming to provide novel clinical insights for
the management of osteopenia and osteoporosis. Methods: In this retrospective study, 648 T2DM in-
patients who completed BMD assessments and thyroid function tests (FT3, FT4, and TSH) at
Wuxue No. 1 People’s Hospital (March 2023 - January 2025) were enrolled. Left radial and ulnar
BMD were measured by dual-energy X-ray absorptiometry. Participants were categorized into normal
BMD (n=358), osteopenia (n=166), and osteoporosis (n=124) groups. Comparative analysis of

BMD, absolute T-scores, thyroid parameters, and clinical indicators was conducted, followed by cor-
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relation assessments with BMD. Results: FT3 levels differed significantly among groups(P<0. 05),
whereas FT4 and TSH did not (P=>0. 05). After adjusting for confounders, FT3 inversely correlated
with left ulna BMD and T-scores (P<Z0. 05) but not with left radius parameters (P>>0.05). FT4 and
TSH showed no significant correlations with BMD/T-scores at either site (P>>0. 05). Multivariate re-
gression identified elevated FT3 as an independent risk factor for reduced left ulna BMD (P<Z0. 05) but
not for left radius BMD (P>>0. 05). ROC analysis for FT3 predicting osteoporosis yielded an AUC of
0.577 (95%CI: 0.521-0.632), with a cutofl 2.975 (sensitivity: 0.529, specificity: 0. 605,
P<C0.05). Conclusion: Elevated FT3 levels were associated with decreased BMD in T2DM,

exhibiting site-specific effects. FT3 may serve as a predictor for osteoporosis risk in this cohort.
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OP) ¢ fiE J2& B & 9 /> F & f 45 0 i 38 3 72
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AR AE BTG b R RO B 36 18 R (2024 4F
J) T2DM 2 Wi 45 2947 XURE X 2kl ik (dual en-
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bin, HGB) . Ifi. /M ¥ i1 %% (platelet count, PLT) |, %
1M 7 B2 4K B (mean platelet volume, MPV) | Ifil /N 47
PR AL A 9 i (platelet distribution width, PDW) | i
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# 1 (globulin, GLOB) | K & % g & 3% % % M (as-
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B R IR 2 (free thyroxine ,F'T4)
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A G E L

2 H#HR

2.1 T2DM EEAEABEESABEIEREMNL
B 648 fl T2DM M # h B & > B R
25.62% (166/648) , & 0T i A3 AE H 6 220 19. 14 %
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IE R AL R R AL A R B AR R R e R
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(P<<0.05), L% 1.
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JG 3% PE A & (P=>0.05) , FT4 #1 TSH 5 45 3 7
BMD 5 T{E¥JC W E WA (P>0.05), W& 3.
FEIE (R A A B R B30 OB R R AR I
MR RS E RN % . HbA1c INS .C-PE .FBG,
HGB.PLT.MPV .PDW.TP.GLOB.ALB . ALT,
AST.ALP,UREA,CREA.UA,CysC.TC. TG,
HDLC .LDL-C K .Ca A4t & I & il & B8 B I
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*1 3AEIGKRER LR [Wﬂ(%);;iS;M(stsPn”
WA Epne U J A AL
A o F/H/¥ P
(n=358) (n=166) (n=124)

HEHCH) 232(64.80)" 65(39.16)" 18(14.52) 101.222 <0.001
il R 2 /AR 6.50(1.00,10.00)" 00(2.00,10.00)* 10.00(5.00,17.00) 22.132 <<0.001
PR & kg 65.00(58.00,70.48)" 64.00(55.00,69.00)" 59.00(51.00,66.00) 23.029 <0.001
s/ % 58.00(51.00,66.00)" 63.50(57.00,69.00)" 71.00(63.00,76.00) 107.870 <0.001
fEBEREL/d 8.00(7.00,10.00)* 8.00(7.00,11.00) 10.00(8.00,13.00) 30.772 <0.001
FT3/pgmL ' 3.00(2.64,3.36)" 3.03(2.68,3.45)" 2.85(2.54,3.22) 7.165 0.028
FT4/ngsdL ! 0.96(0.84,1.11) 0.95(0.82,1.11) 0.96(0.79,1.20) 0.376 0.829
TSH/pIUsmL ! 2.03(1.30,3.03) 2.025(1.20,3.27) 2.26(1.43,4.09) 4.425 0.109
HBAlc/ % 9.95(8.00,11.90)" 9.20(7.60,11.00) 8.40(7.10,10.50) 19.567 <<0.001
INS/pIUmL ! 6.77(3.80,11.10)" 7.96(5.29,13.83)" 8.30(5.18,13.31) 12.359 0.002
C-PE/ng'mL ! 1.72(1.25,2.34) 1.94(1.30,2.65) 1.82(1.27,2.56) 3.063 0.216
FBG/mmolsL. ! 9.62(7.14,12.70) 9.175(6.93,12.53) 8.12(6.01,11.66) 11.969 0.003
TP/gL ! 65.55(61.70,69.38) 67.05(63.08,69.93) 66.05(62.12,70.06) 4.848 0.089
GLOB/g L™} 24.48(21.71,27.00) 24.91(22.53,29.00) 25.02(22.66,28.68) 10.081 0.006
ALB/g L} 40.84+4.31 40.99+4.27 40.344-3.87 0.918 0.400
ALT/U-L™! 19.00(14.00,29.25) 20.00(14.00, 28.50) 17.00(13,26.75.00) 4.937 0.085
AST/U-L ! 20.00(16.00, 26.00) 22.00(17.00,27.25) 20.50(17.00,27.75) 4.168 0.124
ALP/U-L"! 81.50(66.00,99.25) 87.00(69.00,110.00) 85.00(67.00,112.75) 5.192 0.075
UREA/mmol-L ! 5.42(4.49,6.45)" 49(4.61,6.92) 5.93(4.88,7.15) 6.231 0.044
CREA/mmolsL. ! 65.50(53.00,79.00) 50(52.00,77.00) 66.00(51.00,82.00) 1.103 0.576
UA/pmoleL ! 309.50(246.00, 364.00) 310.00.(241.00,379.00) 305.50(235.25, 384.50) 0.036 0.982
CysC/pmolsL ™! 90(0.70,1.06)" 0.92(0.77,1.14)" 1.04(0.85,1.32) 25.313 <0.001
TG/mmolel ™ 1.48(0.98,2.18) 1.42(1.04,2.00) 1.50(0.99,2.17) 0.091 0.955
TC/mmol-L ! 4.60(3.75,5.33) 4.57(3.85,5.41) 4.67(3.61,5.36) 0.122 0.941
HDLC/mmol-L ! 1.02(0.86,1.19) 1.03(0.88,1.25) .09(0.87,1.31) 3.593 0.166
LDLC/mmol-L. ! 3.0140.95 2.9840.99 2.90£0.93 0.709 0.493
K/mmol-L 4.07+£0.45 4.0840.44 4.0540.46 0.208 0.812
Ca/mmolsL. ! 2.2240.13 2.2440.14 2.2240.13 2.057 0.129
HGB/g:L ! 135.00(124.00,148.00)" 130.50(117.75,141.00)™ 122.00(113.00,132.75) 53.934 <<0.001
PLT/X10%L ! 194.00(157.00, 238.00) 192.00(145.00,228.25) 180.00(136.00, 229.25) 5.076 0.079
MPV/{L 10.80(9.70,11.90) 11.10(9.90,12.20) 10.75(9.60,12.00) 3.291 0.193
PDW/% 16.40(16.10,16.60) 16.40(16.10,16.60) 16.30(16.10,16.50) 2.270 0.321
SR Ay 167(46.65) 83(50.00) 61(49.19) 0.599 0.741
o I 152(42.46) 81(48.80) 61(49.19) 2.742 0.254
fig 17 BT 114(31.84) 50(30.12) 26(20.97) 5.326 0.070
AT B A8 86(24.02) 30(18.07) 35(28.23) 4.326 0.115
S L ot 5 5 A% 281(78.49)" 137(82.53)" 116(93.55) 14.404 0.001
B Uk A 102(28.49) 36(21.69) 40(32.26) 4.401 0.111
ot £ 2% g s 124(34.64) 66(39.76) 56(45.16) 4.637 0.098

TP T3 e = MU IR 2% F T4, s HRARIR % TSH. (2 HARIRI E s HBA Le. ML M LA 115 INS. B 2 ;C-PE. CHK;FBG. 48 M 5
TP. BHEM;GLOB. BREH;ALB. HEMALT. WRAMREIEL B AST. RARRAILEFEM ; ALP. PERRAET ; UREA. JRZ ;CREA. I LET;
UA. JRFR ;CysC. BEINE C; TG, Hl =g ; TC. MM R HDLC. = % B2 JE 8 (A IR E s LDLC. N9 B2 A8 28 1 AR st K. 895 Ca. 45 s HGB. 402K
FPLT. M/MEGMPV. S MOAE PDW . /MR SERE . 58 BRI L gE " P<<0.05; 5 B 1F 7 41 L4z ,'P<<0.05,

i, OP BN NS WAR M , W S BUe 4E N

TN CE TR R R BBk R T
(e A N S O = e Y ORI RN oy (S

BRA R o RSB 4T B 38 3 40 9 A R B R 3k 4% A A0 IR
JiLEF 4 Sk T2 RUHT B R AN I A 40 o A5 AR G
W oM Ay B A 2L, LR T W AR 0 i DR AT 4
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*z2 T2DM £& & &AL BMD K T{E 5 & Tl [E & Pearson/Spearman 18 X £ 5 fr &5 R
- ZEf R B BMD L R T {8 ZE e & BMD feMike s T1E
e r/rs P r/rs P r/rs P r/rs P
P51 —0.600" <£0.001 —0.4227 <0.001 —0.659" <£0.001 —0.456" <£0.001
A —0.352" <£0.001 —0.357" <£0.001 —0.439" <£0.001 —0.462" <£0.001
il b —0.193" <£0.001 —0.1817 <£0.001 —0.215" <20.001 —0.206™ <£0.001
R Jo 0.254" <<0.001 0.180™ <£0.001 0.342" <£0.001 0.270™ <£0.001
FT3 0.083" 0.035 0.048 0.222 0.120™ 0.002 0.082" 0.038
FT4 0.001 0.183 0.047 0.228 0.022 0.572 0.009 0.816
TSH —0.121" 0.002 —0.095" 0.015 —0.101" 0.010 —0.072 0.067
HBA1C 0.198™ <£0.001 0.199™ <20.001 0.173" <0.001 0.178" <0.001
INS —0.136" 0.001 —0.119” 0.002 —0.168™ <£0.001 —0.155™ <£0.001
FBG 0.123™ 0.002 0.138™ <£0.001 0.110™ 0.005 0.130™ 0.001
HGB 0.3217 <£0.001 0.242” <£0.001 0.358™ <£0.001 0.322” <£0.001
GLOB —0.112" 0.004 —0.109™ 0.006 —0.129™ 0.001 —0.1317 0.001
ALP —0.073 0.064 —0.071 0.071 —0.112" 0.004 —0.121" 0.002
UREA —0.040 0.308 —0.067 0.086 —0.075 0.057 —0.113" 0.004
& It L —0.067 0.090 —0.048 0.220 —0.093" 0.018 —0.079" 0.043
Jo o o A2 —0.114™ 0.004 —0.133" 0.001 —0.129™ 0.001 —0.149" <20.001
TE: " P<<0.01(XUR); ' P<<0.05(ME) -
#*3 KRERT2DMEEZHBUESEERTES FIRIRIIEE =T Spearman X D4R
. AR BMD LA R T B ZeMigE s BMD ZeMikE s TAE
e s P rs P rs P rs P
FT3 —0.087" 0.033 —0.087" 0.032 0.046 0.252 0.052 0.204
FT4 0.020 0.630 0.018 0.664 —0.007 0.868 —0.030 0.463
TSH —0.028 0.486 —0.032 0.436 0.046 0.259 0.037 0.362
TE:P<<0.05(XUR) .
*4 T2DMEEBMDEMEZZTHEZRLEIFSHER
K] A% A8 B SE Beta t P
LM R BMD (g 1.369 0.072 — 18.974 <<0.001
P51 —0.270 0.016 —0.540 —17.246 <20.001
AR —0.006 0.001 —0.241 —7.42 <<0.001
HBA1C 0.011 0.003 0.111 3.612 <0.001
FT3 —0.024 0.010 —0.072 —2.310 0.021
UREA —0.008 0.004 —0.068 —2.181 0.030
& IR I 0.033 0.016 0.066 2.123 0.034
e e BMD g 1.378 0.050 — 27.420 <20.001
£ 51 —0.229 0.012 —0.551 —19.076 <20.001
4E —0.006 0.001 —0.316 —10.595 <20.001
UREA —0.006 0.003 —0.063 —2.173 0.030
FBG 0.005 0.001 0.089 3.099 0.002
ALP —0.001 <0.001 —0.067 —2.326 0.020
CRIRAINS 0.028 0.012 0.067 2.293 0.022
GLOB —0.003 0.001 —0.056 —1.966 0.050

TE = 260 RCE BMD Sy [R5 655 (1 ] )9 A58 700 o ik B3k g /4% o Ay 2 e R 550 W8 IS B IR 0 800 I S MR BT i\ F T4, TSHINS .FBG \HGB .
PDW .GLOB.ALB.AST ALP.CREA ,Cys C .HDLC .4 Jf J& [l il 4 - & %iE (P=>0.05) , A5 B 44 J5 19 R* 4 0.411; Z2 BB BMD Sy 545 e 119
[ 1 AR v e 5 10 8 A A AT g R A M DR R R RN T R R & FT3.FT4.TSH . HBA1C.INS .HGB.PDW ,ALB AST .CREA .
Cys C HDLC , J& [l i 4 95 48 (P=>0.05) , #5824 J5 (1 R* hy 0.491,
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Hill e A EgE SR H4k T2DM B & BMD 1 fig
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