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EHMEEBEMHDL-CO FRFREPTHEZE AP <0.05); 5 FEW D HAxtth, B RG M4ty BMILTG &% T %,
éﬁﬁ*\ HDL-C.PTH & % E#( P <<0.05);@Logistic El 7 21 & KX & &, F# .HDL-C 2 # £ 4 T2DM £H 4t H &
YW AEKREE;BMIUA RAFFERENHFF EE(P <0.05;4£# HDL-C.PTH 24 # B RBAN AR E X
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Analysis of clinical factors associated with osteoporosis in middle-aged

and elderly patients with type 2 diabetes mellitus
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Abstract: Objective To investigate clinical factors associated with osteoporosis in middle-aged and elder-
ly patients with type 2 diabetes mellitus (T2DM). Methods A retrospective analysis was conducted on clini-
cal data of T2DM patients aged 50~90 years hospitalized in the Department of Endocrinology at the Affiliated
Hospital of Youjiang Medical University for Nationalities between January 2020 and August 2023. Patients
were categorized into normal bone mass ( # =213), osteopenia ( n =317), and osteoporosis ( n =200) groups

based on bone mineral density (BMD) results. Binary logistic regression identified risk factors for osteoporosis.
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Spearman correlation analysis evaluated associations between clinical indicators and lumbar spine T-scores.
Quadratic regression analyzed the nonlinear relationship between uric acid (UA) levels and lumbar spine BMD
T-scores. Receiver operating characteristic (ROC) curves assessed the diagnostic performance of risk factors.

Results (D Compared with the normal bone mass group, the osteopenia group exhibited significantly lower
body mass index (BMI), creatinine (Cr), UA, and triglyceride (TG) levels, while the osteoporosis group
showed significantly reduced BMI, Cr, UA, TG, and serum calcitonin (CT) levels, with elevated age, high-
density lipoprotein cholesterol (HDL-C), and parathyroid hormone (PTH) levels ( P <<0.05). Compared with
the osteopenia group, the osteoporosis group had lower BMI and TG levels, with higher age, HDL-C, and
PTH levels ( P <C0. 05). @ Logistic regression revealed that age and HDL-C were risk factors for abnormal
bone mass in middle-aged and elderly T2DM patients, while BMI and UA were protective factors ( P <{0. 05).
For osteoporosis, age, HDL-C, and PTH were risk factors, whereas BMI and UA remained protective ( P <
0.05). @ Spearman analysis indicated that age, HDL-C, and PTH were negatively correlated with lumbar
spine BMD T-score, while BMI, UA, TG, and CT were positively correlated with lumbar spine BMD T-
scores. @ Quadratic regression demonstrated an inverted U-shaped relationship between UA levels and lumbar
spine T-scores, with inflection points of 421. 8 pmol/L for males and 358. 6 pmol/L for females ( P <C0. 05).
®ROC curve analysis revealed that the AUC values for age, BMI, UA, HDL-C, PTH, and the combined
model of five factors were 0. 650, 0. 744, 0.631, 0.650, 0.594, and 0. 802, respectively (all P <C0.05). Con-
clusion Age, HDL-C, and PTH are negatively correlated with lumbar spine BMD T-scores, serving as risk

factors for osteoporosis in middle-aged and elderly T2DM patients. Conversely, BMI and UA are positively cor-
related with lumbar spine BMD T-scores, acting as protective factors. Notably, the protective effects of UA di-
minish when levels exceed 421. 8 pmol/L in males and 358. 6 pmol/L in females.
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TR 48 0 (BMD) . 2= 1k 48 5 2 55 B 1k 1 210 2
(HbAlc) B HLZE R (TBiD | B4 20 % (DBi) | 8] #%
JHZIZ (IBiD . A& A (ALB) . H & iR & 2 % & i
(ALT), K& @ A S %0 (AST) . Il JK # &
(BUN) L35 WU (Cr) R R (UA) | B2-Fs 35k 25 11 (B2-
MG) B C(CysC) ., B IH [ fE CTC) ., H b = FR
(TG) . = % B JE & (1 IH [ B (HDL-C) AR %% B B 22 1
JHFE B (LDL-C) . Il 55 (Ca), 25 K4k & £ D[25
(OHD].CT HHE (OC) H AR IR % (PTH) . LU
B NEMEE % B (BMD)Y W T H. DL B SHEShf
VI R 5 2 Bt B e 5 B Ao 30 B L % B 2 B Rl B RN
1.2.2 SeitJ7ik WA SPSS 27. 0 G it 24 5% 4
BB Go T 4R AR B AT IE S AR 06 L 52 IR 28401 1 52
AR R (o +5) o, Z 40 Y AR R &
ANOVA 5381 5 52 0 25 430 A 19 58 1 7228 o R H oh o 4
(DU B D) [ M(P s~ P o) 13878, 2 4 18] %
* M Kruskal-Wallis H %35, % Spearman #H3¢ &
B0 BT I 5 AR B 2 AR AH DGR . R A R B 3 BT IR

TR S EHEE S THMXR IR mMES S, R
FELH 2 e £ ] & 70 Logistic [H 4874l 2 AU 4%
PR B8 OB 0T B b 14 5% e R 2, 25 4 ROC Hif
250 BT R OG5 ) R 2856 B BB A 1 IO AN AL DA P <<
0.05 NERASI¥E L,

2 &R

2.1 — MG IRBEREXT L 453 WK, i . BMI. Cr.
UA.TG.HDL-C.CT.PTH k%S HA S i 5 X
( P <<0.05), 1 HbAlc, TBil,DBil,IBil, ALB,ALT,
AST .BUN, B2-MG, CysC, TC, LDL-C, Ca, 25 (OH)
D.OC B ZR LGt L (P >>0.05), =41
PO R R T NN = QT ol = S S 2 T A
BMI.Cr . UA.TG & % F R, B BB A4 1 BMI, Cr.
UA.TG.CT &% T B, 4 HDL-C.PTH & ¥ I
F EFAEGHE L P <0.05), 55 88/ H5
Fo, B RS AN 4 BMI, TG W2 F F, 4 i . HDL-C,
PTHEE LT, 2R A% 1FE L (P <<0.05, WL«
1,

1 —HBAEMITEE

WiH HRIEH (n =213) B (n =317) B RS (7 =200) H P

e % 58.00(54. 00~64. 00) 59. 00(54. 00~65. 00) 63.00(57.00~69.00) 29. 582 <0. 001
BMI/ (kg *+ m~2) 25.16(23. 34~27. 28) 23.88(21.87~25.71)° 22.49(19.99~24,53) 78. 262 <0. 001
HbAlc/% 9.70(7.75~11. 80) 9.60(7.60~12,00) 9.75(7.63~12.10) 0.172 0.918
TBil/(pmol « L™1) 7.90(5.55~10.75) 8.30(5.70~11.40) 7.80(5.90~11.10) 1.303 0.521
DBil/(pmol « L™1) 3.40(2. 40~4.50) 3.30(2. 60~4.40) 3.40(2. 60~4. 60) 1. 365 0.505
1Bil/ (gmol « L™1) 4.50(2. 85~6.60) 4.80(3.10~7.00) 4.40(3.03~6.10) 2.073 0. 355
ALB/(g+ L™ 41.00(37.95~43.55) 41.20(38.00~43.90) 39.95(36. 23~43. 30) 5. 551 0. 062
ALT/(U-L™1) 17.80(13. 25~25. 00) 17.00(12. 00~26. 00) 17.80(12. 50~28. 00) 0. 692 0.708
AST/(U -+ L1 17.00(14.05~21. 80) 17.90(14.10~22. 90) 19.00(15. 00~25.78) 5. 468 0. 065
BUN/(mmol « L™1) 5.80(4.60~7.25) 5.50(4.80~6. 80) 5.90(4.60~7.70) 2. 149 0. 341
Cr/(pmol « L™1) 82.00(67.00~102.50) 75.00(62. 00~92, 00)* 71.00(58. 25~94, 75)* 11.012 0.004
UA/(pmol « L™1) 343.00(280.50~401.50)  301.00(246.00~381.00)* 294, 00(234. 25~367.50)* 24. 100 <0. 001
B2-MG/(mg « L 1) 2.19(1.73~3.12) 2.15(1.76~2.92) 2.20(1.69~3.27) 0. 375 0. 829
CysC/(mg + L™1) 1.07(0.93~1. 40) 1.04€0.91~1.31) 1. 05(0. 88~1. 44) 1.398 0. 497
TC/(mmol « L™1) 4.64(3.85~5.45) 4.56(3.78~5.42) 4.32(3.63~5.39) 3. 839 0. 147
TG/(mmol « L™1) 1.64(1.14~2. 86) 1.51(1.07~2. 42)® 1.27€0.93~1.88)® 26. 833 <0. 001
HDL-C/(mmol « L™1) 1.00€0. 83~1.19) 1.03€0. 88~1.27) 1.16€0. 94~1. 42)* 29.010 <0. 001
LDL-C/(mmol « L™1) 2.89 (2.21~3.71) 2.88(2.12~3.70) 2.70(2.10~3.56) 2.264 0.322
Ca/(mmol « L™1) 2.24(2.14~2.33) 2.23 (2.15~2.33) 2.23(2.12~2.34) 0. 460 0.794
25(0OH)D/(ng « mL~1) 27.38(20.71~35.83) 28.16(21.91~35.14) 26.37(18.70~34.58) 3.736 0.154
CT/(pg * mL~1) 4.14(2.00~7.24) 3.38(2.00~6.58) 2.98(2.00~5. 24)® 7.443 0. 024

OC /(ng * mL™1)
PTH/(pg * mL~ 1)

13.75(6.79~18.98)
32.73(22.58~49.48)

16.10(7.27~20.91)
32.10(23.89~43.97)

16.25(7.16~22.16) 4.796 0.091
38.13(28.06~54, 81)® 18. 887 <<0. 001

A OFRAHTEFBEBEUMP s~ Prs)k T, QFFREF ALK a: P<<0.05; 5 FEWD A . b: P<C0.05.

2.2 T2DM HH&EAIHH &7 B It Logistic 114
OYAT R E R D AR R B A A B SR AL
DEREMEESRE (E=0.2=DERNHALTE KA
A Git2e 2 7 04 s % . BMI, Cr, UA, TG, HDL-

C.CT.PTH( P <<0.05) . fER A& &FTHHE Logis-
tic [MIE 53 #1, 45 1 B/R £ # ( OR = 1. 040) . HDL-C
( OR =2.409)J& T2DM B #H G I & &t 5% 1 fa ks K
Z(P <0.05);BMI(OR =0.826), UA(OR =
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0.997) . TG (OR = 0. 948),CT ( OR = 0. 970) J&
T2DM B & G HE S AT E R P <<0.05), I,
%2, KR .BMI, UA, TG, HDL-C.CT {7 Z H &
Logistic [0 #7, 25 3R B /R, i ( OR = 1. 038) /&

K2 T2DMEBEXRER

T2DM i EEHFESFHENLEKRFA K (P <0.05);
BMIC OR =0.845) .UAC OR =0.998) 2 T2DM H#
EHEEREMAEPRECP <0.05), Lk 3,

EREMREERE Logistic BAS

i H B SE Waldy® p OR 95% CI

E /% 0. 039 0.011 11.718 <<0. 001 1. 040 1.017~1.063
BMI/(kg * m 2) —0.192 0. 026 53.793 <20. 001 0.826 0. 784~0. 869
Cr /(pmol « L1 —0.001 0.001 0. 283 0.595 0. 999 0.997~1.002
UA/(pmol « L) —0.003 0.001 15. 749 <<0. 001 0. 997 0.995~0. 998
TG/(mmol « L") —0.053 0. 026 4.335 0.037 0.948 0.902~0. 997
HDL-C/(mmol « L) 0. 879 0.258 11.619 <<0. 001 2. 409 1.453~3.994
CT/(pg+*mL™b —0.031 0.015 4.041 0. 044 0. 970 0.941~0. 999
PTH/(pg *+ mL ") 0. 002 0. 002 1.013 0.314 1.002 0.998~1.007
E:P<0.05 2R EAAHZTFEN; ORE>T HABER, OR E<1 AR H £,

x3 T2DMEBEEEZEBEREMNSER Logistic BIAS

i H B SE Waldy? p OR 95% CI
k% 0.037 0.011 9.516 0. 002 1.038 1.014~1.063
BMI/ (kg * m 2) —0.169 0.027 39. 501 <20. 001 0. 845 0. 802~0. 890
UA/(pmol « L") —0. 002 0.001 6.228 0.013 0.998 0.996~1. 000
TG/(mmol « L1 —0.002 0.023 0. 007 0. 932 0.998 0.954~1, 045
HDL-C/(mmol + L") 0.507 0.297 2. 967 0. 085 1. 660 0.933~2.955
CT/(pg+* mL™Y) —0.014 0.017 0.732 0.392 0. 986 0.954~1.019

E:P<<0.05 R EAGIF

2.3 T2DM e EAE5HBFEGN o6 L ogistic [0 19 43
BT AR IR RS b 2 DL S
AR =0, 02 =DIE RN & ¥ B A S 12 22 5 1
FrfE B 725 &, % 4E#, BMI, Cr, UA, TG, HDL-C,
CT.PTH 1EN HAE AT FK Logistic |5 53 #7 , 45
RBRERHCOR =1.071) ,HDL-C( OR =4. 291)
PTH( OR =1.009) /& T2DM & & 35 i A 1 &
B I ( P <<0. 05)3; BMIC OR =0.752) \UACOR =
0.996), TGCOR =0.763),CT(OR =0. 953) &

BEX; ORE>1 Al FF, OR <1 yRFHEE.

T2DM B 3& &8 BB R4 & (P <<0. 05),
WL 4, B4R . BMIL,UA,TG,HDL-C.CT.PTH 7
Z N ZE Logistic [ H 50 87, 45 3 8w, 45 3 s 4F #%
(OR =1.076) ,HDL-C( OR =2.173) ,PTH( OR =
1011 & T2DM B E S B RHM AR HE (P <
0.05); BMICOR = 0. 769), UA(COR = 0. 997) J&
T2DM B 3& &I B BB R4 & (P <<0. 05),
W5,

X4 T2DM BEEXEBRERNEBEEZE Logistic BT 4 #7

it H B SE Waldy? p OR 95% CI

FEW/ % 0. 068 0.014 24. 636 <<0. 001 1.071 1.042~1.100
BMI/(kg * m™ %) —0.285 0.037 59. 210 <<0. 001 0.752 0.699~0. 809
Cr /(pmol « L™1) 0.001 0.001 0.343 0.558 1.001 0.998~1.004
UA/(pmol « L) —0. 004 0. 001 15.039 <<0. 001 0.996 0.994~0. 998
TG/(mmol « L™") —0.271 0.077 12.412 <C0. 001 0.763 0.656~0. 887
HDL-C/(mmol « L™ 1) 1. 457 0.313 21.598 <<0. 001 4.291 2.322~7.932
CT/(pg+mL ") —0.048 0.021 5.317 0.021 0.953 0.915~0. 993
PTH/(pg+ mL™ ) 0. 009 0. 004 6.421 0.011 1. 009 1.002~1.016

F.P<<0.05 R EAAGKITF
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F5 T2DMEEXREBRBEMLH S EE Logistic BIAR

it B SE Waldy? p OR 95% CI

k% 0.073 0.016 20. 395 <0. 001 1. 076 1.042~1.111
BMI/ (kg *+ m ) —0.262 0.041 41. 224 <20. 001 0.769 0.710~0. 834
UA/(pmol « L™H) —0.003 0.001 5.158 0.023 0. 997 0.994~1. 000
TG/(mmol « L1 —0.027 0. 065 0.172 0.678 0.973 0.856~1.106
HDL-C/(mmol « L™") 0.776 0.378 4.218 0. 040 2.173 1.036~4.558
CT/(pg+*mL ") —0.035 0. 024 2. 082 0. 149 0. 966 0.921~1.013
PTH/(pg * mL™ ") 0.011 0.005 6. 201 0.013 1.011 1.002~1.021

H:P<0.05 ZREALZHHFEN;ORE>TI HAAREEZ, ORE<I AHRPFHEE.

2.4 T2DM M Ik R 6 br 5 IEMES % T HK
Spearman 1 & R & /r XA BMIL UA, TG,

HDL-C.CT.PTH 5 BMD T {ifT Spearman #f 3¢ %
ML EE S B RAER  HDL-C.PTH S5 M T 4 2

RUAEAR SRR PR (B 4% 2570 1 0 421, 8 ppmol/L,358. 6
pmol /L, BRI 7K P 3 % {5 I, JR R X 22 4 T2DM
B E B A PRI AR IR . W3R 7.3k 8.

FK (P <0.05);BMI.UA. TG.CT 5 BMD T H& x6 BARBEXEREEHEEZE TEHEXESH
IEMIZECP <0.05), WLE 6, 2 T
2.5 IRMS BMD T iy —wm s Lorm M ,\ ;
JePRBR WS A A 28 &, LA BMD T {EAE A K74 i, e 0. 218 =0, 001
3 R 55 1 2 R L e 2l AT vk LU 4 A & BR R iR K BMI/(kg * m %) 0.337 <0.001
S-S5 EAE T (8 2 [ 777 35 1) R 2 & e B 4 UA/(pmol « L) 0.178 <0. 001
UA(B =0.012, P<0.001) ,UA2( B =—0.000014, TG/(mmol « L5 0.192 <<0.001
P <00.05). &4l th UACB =0.011, P <0, 001),  HPLC/Gmmol 10 C0.183 0 =0.000
UA2( B =—0.000016, P <0, 001), ¥ [\ I {8 1 5 CT/(pg » mL ) 0. 113 0002
. ) ‘ PTH/(pg » mL 1) —0.110 0.003
B B R TR K - 10 38 m, W AL B A T (E S BLE U
x7 BEMEARBSEHESFEE TEMNIXEASH

i H B SE t P 95% CI

BRI —3.690 0. 704 —5.238 <0. 001 —5.074~—2.305

UA/(pmol « L™1) 0.012 0. 004 2.879 0.004 0.004~0. 020

UAZ/(;,LI’HOI < L7H —0.000014 0. 000006 —2.401 0.017 —0. 000025~ —0. 000002

MABE, R?=0.036,7 % R>=0.031, F =7.902, P <0.001,

xS ZUMARBESEHBRE TEMNIXREEASH

WiH B SE t P 95% CI

g8l —3.926 0. 604 —6.501 <<0. 001 —5.115~—2.738
UA/(pmol « L™1) 0.011 0. 004 3. 029 0. 003 0.004~0. 019
U/\Z/(umol < LD —0. 000016 0. 000006 —2.827 0. 005 —0.000027~—0.000005

MABHE, R?=0.032,H% R?=0.026, F =4.916, P =0.008,

2.6 ROC &AM CHE W& maEmmmE 5
£ . BMI, UA, HDL-C, PTH L) K 3% 5 T Bk & 47
ROC #h £ 7 #r, 45 1 B £ % 19 AUC R 0. 650
(95% CI : 0.597~0.703) , I HE#R W7 {H 4 60. 50, T
B BB 0 BB EE S 6106, R S EE Ol 63, 4% BMI 1Y
AUC 4 0.744(95% CI: 0. 696~0. 791) , f A3 4% it {1
oA 23. 85, THM 5 B A 14 BEURR B R 68. 594, RS R

69. 5% ; UA B AUC H 0. 631(95% CI: 0. 577 ~
0.686) , e MR E N 309, 5, T 1 Jo it s 1) A0 SR
K 60%  FE SN 67. 1% ; HDL-C f AUC H 0. 650
(95% CI: 0.597~0.702) , Fe AR Wi R 1. 12, Wi
BT B A U B R 59 06, RE S 66. 2% PTH 1y
AUC 4 0.594(95% CI: 0.539~0. 648) , e A% 4 W (5
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