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Abstract

Objective: To investigate the correlation between insulin resistance replacement indexes (triglyc-
eride-glucose index and insulin resistance metabolic score) and the severity of osteoporosis in pa-
tients with type 2 diabetes. Methods: 387 T2DM patients were included and divided into normal
bone mineral density group (135 cases), low bone mass group (164 cases) and osteoporosis group
(88 cases) according to BMD. General data and bone mineral density were collected, and triglycer-
ide-glucose index (TyG) and insulin resistance metabolic score (METS-IR) were calculated. Univari-
ate and multivariate logistic regression methods were used to analyze the relationship between
TyG, MET-IR and bone mineral density. Results: METSIR and TyG in OP group and low bone mass
group were higher than those in normal bone density group. METS-IR and TyG in OP group were
higher than those in low bone mass group. METS-IR and TyG were positively correlated with the
disease progression of osteoporosis caused by diabetes (p < 0.05); METS-IR and TyG were independ-
ent factors of type 2 diabetes mellitus combined with osteoporosis (all p < 0.05). Conclusion: The
higher the degree of insulin resistance, the greater the risk of osteoporosis.
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1. 5|8

B TR B RE (OP) A& — Fft i 5 4 0 385 K 111 R A R R R IR o JUARRAE A T el B B 5 R AR
Sy RA N E 1. 2 BB PRI (T2DM) 2 K 2 OP FIIG I 3 i UG B m o — SUIF e 4 H 1 0 PR B
JREFARE IS, A OP 2 H % R Gkl FRIm 1) 5 B2 ROE (2] [3]

Ji 15 RARPUAR) L OP A4 22 FLAbAR A A% BEAE BRAR M o B0 RO AR IR FEA5 2 IR Ao e
FIPPA(HOMA-IR), SR, B0X AR Ee 52 i B 200 T 7 B B 4 D e i3 i NI A BR (4] BRIk, K&
TR 7 AR H 5 TR IR PEA5 484, #1401 TyG $8%0M METS-IR [5]-[7].

SRIMT, ERRER 2 (AR ST R B IR 58 %5 B 2 [AMFAE U G, AR 5T R B T2DM &35 1 IR Al RE<2 i 55
i 5 2B B ) AR BB [8]-[10]. IAIBE, TR &5 OP Z ISR RAVRAFLE G [11]. N T ARV 1),
FEAWFFT,  FRATE 5 AR B AT/ FR(TyG, METS-IR) VPG i & =3P, IR 7S BN
FeFR(TyG, METS-IR) 5 T2DM H & & B A XS 195 & o

ZHF TG T2DM &3 OP XK R 3R, X% T2DM FR 35 (1) B B i R 4 B EL AT 8 B I PR 2 o
OP J& T2DM (1 WFEASE, W50 A0 T00r] DLA 2B B US4 o 3 AR Vs T

2. MERE5F*®
2.1. JR

[ o WAL o B R A R e N 2 WA Ak 2023 &2 7 H & 2024 4 7 H 2N T2DM B4 387 . 44
NFRifE: (1) Frf B3 %4 T2DM W[ 12]; (2) BA 524 BMD FlIILE 50k i 2 (3) BMD
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FIDEE: R RURE X 2R 8% B o0 T QORI R ME 1A 25 B e 3¢ T {E . R4 5t AR 2352 i) OP 1217
FRUE[13], ABFFOK T<-2.5 % 308 OP 41, BB/ (2.5 < T < —1O)FIIEH & & (T > -1.0)49F OP 41.
HEBRERIEE: (1) 1 ROMEERA . SESRREIR PSR RS T KB AG : (2) W PR e 4 RIS 5 05
Ve SRR S IR RO s (3) ST BRI . Sl EVEORG . I LA B FROR A FFOIR 35 RS
B (4) EO NS A SR E e A EE ;s (5) AR I 52 ma 8 R At i 2454 (o v e e
TR, ERN TR A D FURF BER RS IR (6) IMREUR A RN B E . AU
T R T H RIS M BB FE 2 A (KYLL-2024-1680), WO IR AN S AT AT AR 5 A A
PN NG B BB R 2 E 5 B ) S 5 R B2 IE S B T8 B AR if

22. &

2.2.1. HHERE

AR AN R ARG B4 MR, R BB, 6% AR 77 U N ik g s g il WO
S PRI ) BRI A AR S U AR B AR AR b AR AN R s Al
PERAF S . BmHT). KEMWT). 465 SBP). &5k E(DBP). LR MHR)ZEIE R, Hit A%
(body mass index, BMI). FHsc4s A&7 5K B AFER H & 3 G BCFE{E, BMI = WT(kg)/[HT(m)]?.

2.2.2. MEIBHR

T AT T R IR BB R(EIEEE S 8h ULL)## kil 4 mL, W& &0 EE(Te). Him =B
(TG) =% P Ne & A MH [ RE(HDL-c) %% R 8 I E B (LDL-c)« H4H(WBC). 415 FH(HB). i)
R(PPLT). HEA. NWARZEHEHIALT). REDARALEHIF(AST). SAHZE(TBIL). JE45EHA
F(BU). 4B MHLERBC). 25-F4E4EH DK RIMEAEA . RUEF. JREEE/WE . Bk %
(eGFR). ¢ ik, ZIEIMHE(FPG). &5 2 /NI L hPG) FIFEAL 1ML ZT 2 (HbALc). 2irb TyG 6% =In[TG
(mg/dL) x FPG (mg/dL)/2]- METS-IR =In [2 x FPG (mg/dL) + TG (mg/dL)] x BMI (kg/m2)/In [HDL-C (mg/dL)]
[14].

2.2.3. GiitiEAE

i SPSS 26.0 Giil AT Gt 22T, FFA B A % £ ArEZEX £ SD)fiR, XK
FIMSTAREA ¢ IO HEAT I ZHIA EL L, K] One-Way ANOVA 40 iEAT 22 2HIAI EL A R4S 40 A BB A o
Ar B (VY53 A7 E] B IMIQR) KR 7R, K F] Kruskal-Wallis H #3596 37547 2 48] LA . 505 LA BRI 2R n(%)
Foor, BB X2 K5 . KHRAIE 2 HT TyG. METS-IR. AL 2T 8 11 /K1 595009 7™ 5 A2 BE (KA
KMo RHTET Logistic [EIVAS: M5 IR & HH BB AA I R 25, p <0.05 RZERA S FE L.

3. 58
3.1. 3 A B E E KGR FFIE

3 44 HB. WBC. PLT. TBIL. BC. BU. ALB. ALT. AST. eGFR. JX A& A/MWEF. RMEAEA.
HR. BEPRI H PRI AE . B8RO0 B0 5 R s PR X S 52+ 0 PR s i BBl L/ A b s o A e 2
5 B PRIR AL L R IRE s MR s R s i R SR KT B S X (p > 0.05), A OP
Wb i E . FRdETERIEFH, 57 OP 41, K E4l METSIR. TyG & TEHEIEFH: &
OP #1 GLU. &JH[EEE. TC. LDL-C. METS-IR. TyG & TKH 241, OP 444 % D /K*F. HDL-C.
BMI X FHEIEFY; OP H4:4% D /KF. BMUETKE &L T2DM A I OP 4Lt f5l(65.91%)
T H1%(34.09%), ZRIAGIHEE L(p <0.05). W& 1.
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Table 1. Basic clinical features of patients in 3 groups

@ 1.3 (A FE R E AR REFE

EEEN

T2DM 4

T2DM-EHE4]  T2DM-HFRBMAR)  F/H/X p

25-¥2 44 3 DHR (%) 15.97 (11.5) 15.71 (10.33) 13.13 (10.19) 14.317 0.001

GLU 7.23 (3.80) 8.44 (4.73) 9.70 (6.91) 33.063  <0.001

TG 3.89 (1.34) 4.17 (1.44) 4.54 (1.92)® 16.958  <0.001

TC 1.46 (1.18) 1.56 (1.43) 2.13 (2.06)® 18979  <0.001

HDL-C 1.04 (0.33) 0.96 (0.34) 0.89 (0.29) 14.459 0.001

LDL-C 2.35(1.02) 2.54 (1.07) 2.70 (1.27)* 13.097 0.001

A AIRARE 4= 8.60 (3.00) 8.90 (3.65) 9.55 (3.03)® 7.651 0.022

METSIR 25.98 (5.79) 28.28 (6.31)a 29.59 (5.75)® 20.990  <0.001

TyG 9.17 (1.12) 9.40 (0.99)a 9.76 (1.18) 40412 <0.001

GR 54.5 (15.00) 58.50 (18.00) 60.50 (14.00)? 11.656 0.003

BMI 25.22 (3.62) 24.99 (3.77) 23.74 (4.14) 10.049 0.007

HB 145.50 (27.00) 143.50 (23.75) 139.50 (22.50) 4.623 0.099

WBC 6.71 (2.62) 6.38 (2.09) 6.06 (2.42) 2.816 0.245

PLT 211.00 (78.25) 213.00 (79.00) 218.00 (81.50) 0.902 0.637

TBIL 10.92 (6.88) 10.57 (7.17) 10.58 (6.36) 0.005 0.998

BC 2.96 (1.55) 2.66 (1.77) 2.35 (2.05) 4.806 0.090

BU 7.21 (4.65) 6.97 (5.18) 6.91 (4.64) 0.088 0.957

ALB 40.51 (4.68) 40.07 (6.13) 39.82 (5.02) 1.343 0.511

ALT 21.25 (17.40) 21.00 (19.80) 18.70 (14.30) 1.435 0.488

AST 16.85 (9.20) 17.80 (10.73) 16.60 (9.00) 0.147 0.929

eGFR 111.59 (37.87) 109.85 (32.91) 112.54 (32.20) 4307 0.116

PRIV 10.73 (8.92) 8.19 (7.89) 8.11 (6.12) 11.153 0.004

=E=VING 2.29 (8.66) 2.31 (6.56) 2.15 (5.70) 0.297 0.862

e SEAS 26.10 (93.95) 17.10 (37.78) 18.80 (47.33) 1.950 0.377

HR 77.00 (17.00) 79.00 (17.75) 80.50 (18.25) 3.282 0.194

% 98 (72.59) 97 (59.15) 30 (34.09) 32567  <0.001

§ia 37 (27.41) 67 (40.85) 58 (65.91) 32,567  <0.001

WEIRTA B E PR AR 3(2.22) 5(3.16) 1(1.16) 4318 0.365

R PRI ' s B 52 (38.52) 52 (31.71) 34 (38.64) 3.182 0.528

W FR 93RRI g g s 37 (27.41) 49 (29.88) 25 (28.41) 0.225 0.894
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[s=py== v
RE %

5 LR 5 J B 1 A A 97 (71.85) 115 (70.12) 59 (67.05) 0.588 0.745
5 LR 95 JE L ek 22 95 97 (71.85) 103 (62.80) 57 (64.77) 2.853 0.240
BE PRI A2 8(5.93) 4(2.44) 1(1.14) 4.507 0.105

R LA 52 1(0.74) 0 (0.00) 0 (0.00) 3.721 0.445
A st 58 (42.96) 49 (29.88) 22 (25.00) 9.264 0.01

TR B 26 (19.26) 23 (14.02) 14 (15.91) 1.500 0.472

i 100 R 52 (38.52) 86 (52.44) 39 (44.32) 9.113 0.167

E: c5EELEEAME, p<0.05; *5EERDHLE, p<0.05.

3.2. BEHEHXERSERBELR™ERER Spearman X547

2t Spearman FHC/M T, R SAHMEEE . R EMEE . METS-IR. TyG 585 R W A& 4B Bk i1
Pt 2 IEM SR (p<0.05), M EMREE. 25 B4R D SHEIRIR A5 G A 500 1t i 2 fukl 5%
(p<0.05). W% 2.

Table 2. Analysis of the correlation between the related factors and the severity of osteoporosis

2. BERXERSEREMRTERENEX D

FSEN r p
R 0.174 0.001

TG 0.203 <0.001
HDL-C -0.192 <0.001
LDL-C 0.184 <0.001
METSIR 0.278 <0.001
TyG 0.320 <0.001

25 HAEER D —0.164 0.001

3.3. T2DM &3 OP BY% EFE Logistic B354

L2 BOWE IR & I R ha AR AR &, ERS . RHE R, SRR A IKEEIRE . METS-IR,
TyG NHAZE, #4T Logistic FIHHT. SRE/R, Fid. SHREER., mEEREED. KEEHEEA.
METS-IR. TyG & 2 P JRIF & 5 BRGAA BB S IR R (38 p < 0.05). Horp s 5 iR 25 (A v (R 1 A
K, kY. DHEEE. KEERES. METS-IR. TyG AERHER. W& 3.

Table 3. Multivariate Logistic regression analysis of T2DM with OP
%< 3. T2DM &3 OP % E & Logistic BY35 47

i H B S WaldX? p & OR (95%CTI)
RS 0.027 0.009 8.160 0.004 (0.008, 0.045)
TG 0.313 0.080 15.144 0.001 (0.155, 0.470)
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HDL-C —1.245 0.346 12.977 0.001 (—1.923, -0.568)
LDL-C 0.436 0.108 16.267 0.001 (0.224, 0.647)
METS-IR 0.110 0.019 32.818 0.001 (0.072, 0.147)
TyG 0.775 0.121 41.138 0.001 (0.538, 1.012)
4. &5ig

T2DM HH3F 5 230 5 B A RE RS B A A G . T2DM B8 i B s KPR Ay, A i
B FARE P R R K o I TUATT 0K 5 B R 12 A VP A T2DM o P S B TR BAAE () U, A & Y
1 RT3
5. #ig

—DUEEXTE A N[5 BASIR T B, e 5 20 5 8 55 FE R NG G o 3 8 10 JBR % 3 A HLAth 5 s AR
PR (U g SR AR AR L 9 I R A K DR R FROIR 55 BB ) i B[R] 4 FH T A I B 5 FE [ 16]. 2R, 3R
ATEE RAN R, X AT RE S T A0 ABER S P, 9 aner e o M0l Rl AN TE AR 3 . [A)BG 4l [ 17] T2DM
BHRENRSFRIEGMEHEEA R XE5RIAMGBNESR 5. T2DM BE@EFEEARERIE, 18
P JRE R A AR S 3 N SR R PAE 1 R FE [ 18] Weber 258 NN i &% 3 HURI B R B AARE 22 18] 1) 5% 2R
FREAN LRI, IF BAEEBMERS[19]. thot, BEAG RS = ANBTA RN, FHARAOCH 2, e 4 240 i b
T MG T, X RS AR R AR, R RS B R A AR E A, S S K.

XTI TE R, 1E 387 4 T2DM &+, H 88 £4(22.7%) K4 T OP. TyG. METS-IR 4 T2DM &
I OP KIS 2. [IAHTE B, TyG. METS-IR /K P EE ¥ 5 kA OP. 4R, TyG. METS-IR
s& T2DM B G IF OP B AR FIAE R, DOy ERMERVER ] FRE, TCHAREER . X 41w 0
IEM] T TyG. METS-IR f& 3 ME fIZEALTE bR, Xt T2DM & 3F OP B AT IEAE TN, HATIRARHE 1
S FHAME -

BAMGT A — /IR o, X TR O R 7L, 25 5 52 BIE B 22 RLE PR R 22 1R 5
Wiy, 4, BMD $E Gk 1 EL Bl , TR s maAE AR AR . T B9 R AR A B LIRS S I TyG.
METS-IR BIfH. IR, FIREAFAERCMRERA T4 SRR AR R . Blln, (L5 HE R 254202 5 15
fEREMEER R . BESERPS B RNEZ MR RIRER, MRS 7. HEE DK

B Z R R
I

T BAR A T AN O NE R, BT A A=
300
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