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Abstract

Objective to explore the relationship between serum 25-hydroxyvitamin D [25 (OH)D] and bone mineral density (BMD) in
patients with type 2 diabetes mellitus (T2DM) complicated with osteoporosis at different body mass index (BMI) levels, and to
assess the modifying effect of BMI. Methods A total of 338 hospitalized patients with T2DM and osteoporosis from January
2021 to January 2024 were enrolled. According to BMI, patients were divided into normal-weight, overweight, and obese groups.
Multiple linear regression analyses were performed with lumbar spine, femoral neck, and total hip T-scores as dependent
variables and 25 (OH)D as the independent variable, adjusting for age, sex, and glycated hemoglobin (HbAlc). An interaction
term between 25 (OH)D and BMI was included. Sensitivity analysis was conducted using the lowest T-score. Results In the
normal-weight and overweight groups, 25 (OH)D was positively correlated with lumbar spine, femoral neck, and total hip T-
scores, with the strongest correlation observed at the total hip. No significant correlation was found in the obese group. Interaction
analysis indicated that BMI modified the association between 25 (OH)D and total hip T-score. The results of sensitivity analysis
were consistent. Conclusion Serum 25 (OH)D is positively correlated with BMD in patients with T2DM complicated with
osteoporosis. This association may be modified by BMI, being more evident in normal-weight and overweight patients but not
statistically significant in obese patients.
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H - 35T 2 B JRIR & 55 GRS B3, AR K 2 45 50 (body mass index, BMID) 7K~ R [ 25-#24E4 2 D[ 25(0H)D ]
H5EEERRR, JoH BMI X & RAREW. ik 338 HE & BMI 40 N IEw 4. EHMERA. S4H 55
LR T AR S, L 25(OH)D A HAZ EE V.2 Ju2e M ARAL, KRIEFEE . Mg E s (HbAle) &
AT HAEF Ut E b . 55 IEH 4B ES T, 25(0H)D 5. BB AL TEYEIEMKE, UEm T
R BE R sm, 38 HAE ) S Ut #r Bon, BMI AT 25(0H)D 548 T xR EEGBMER . 4i8. 2 B RR &I
JFREAs A, 25(0H)D 5% E 2 IEMK, HiZKRTTHE5 BMI 2 % CERAE IE 5 14 51 AT # E3E Hh ROy B,
TR 2R R R IE B G it 22 s

R
2 BUBERRIN, BRERA, 25-R4EER D, BEE, REEHK

1. BRETE

5B TR AN L, 285K (T2DMD A1 3T, ABTFUAET2DM & I8 s fa /& 3 o, 1% BMI
RKEWERATE N R MNRE AR, AR ER R0 Hr25(0H)D -5 EME . i 30 J A i L T 10
P BVEARE ROAE K B AL 2R (AGES) & RAR, JFih— P il ad 28 T A A RS B R AR 2 #7360 E 4
-3], W5 EFHRE LA RDRMFAEIIMKE R rE, DOV FR SR 1028008 R B &
[4]. BRAERT L PR, 4 RDAR S L TR FR AR K.
W Tt e BAR M 8 R[4, 5. IEAER, IR M,
KA RDANS SEHRWIHT, Erae 528K 1.1, BIRMNR
(T2DM) R A R B VAR DR [6] - A7 HF FU4i5 H 1 2 25-
Fo 24 E K D[25(0H)D] /K - 5 T2DM i 42 995 XK B 4k ¢ [ o514 48 4 2021 4F 1 H %2 2024 4F 1 H 1E R B 4 43 WA R
ANFE A DA A A AR T2DMI B A, s (EREIIT2DM G IFE Bsiie B . FrA Ao & 175 6 L
U B RBE R AR AEL7, 8] AT, (ET2DM Ak PAAIRE: WT2DMIZHT S 1999 EWHORR IR 2 7 b7
JR B R — R AR, 25(0H)D -5 R [ s 8 25 #E[14], BIESARERBER (2R, ZIR. 28/, fAE
2 (B2 BAT R HE— S 4L B 5T B, BEHLIMAE>11.1mmol/L, 5% Ji§ MLA#>7.0mmol/L,
REEH (BMD SRS EmpEe, —jy  SCURAE B B2/ =11 1mmol/L; @# sk
T, 5 2 2B A SR KL S T B e i L AT — s R A2 SR R R A IE 2 T 8/ (2022f%) )

22 HL pR

VER: 5 — T, IERERZS TG A 2kt ik 2D s FHRASHE[15]. B XU REX Sl & AN E B % B, THE<
17 AR B R B % 450 S M R, AT RENIgs e 2-5SDs FIB 5 & UL N b v i BB W N AT 7T . HEBR
DX I 2B [9-11]. TET2DM A RETh, i AaifE: OLRUBRIRMT . AEURITHE R AR R R IR

HD. JERESER 2 A O E A [12, 18], W @EIPRUECE, LR AR S ©

420


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

A G IR s B s @A T B D e AN A BH At 5 e 4

AERDACTE BRI s ©IE3N H P AE i 52 AR

WA XD 2. XRGEIR AT R ERE S,

ZINBMILL T HAE #1 X [H] (18.5~60 kg/m3 1) & #3384,
AW IT IR EE R b

1.2, ImRERRE

PR AE B IR R, B FEEES . PEA]. BMI.
FEAL I AT 85 1 (HbALe) « 2 BE Mg 5 25 . S BECAK S 25(OH)D
K, RS EHPIIE S (HOMA-IR) {EAIEES, B
4HfuThEe (HOMA-B) {f; M HSEE Hologic X BEXZE B %
FE OO T AT B A (L1-L4) FOXUON BB 3. Ak
TEHEENE. BEEERUTERR, Ronpmilleg g
5 [ P 30 A A 2 AT P 1 5 P P B A (o A 22 4 DA
AL TAE I B AR SO BARTAE, TSP
AHFFRA M O ERCHEE RS (BHEAS .
2024-280-02) .

1.3. BMI &

WG IEPEREIZITH5 B (202446150 ) HIkRHE, KBMI
<24 kg/mZE SUNIEH 4, 24~ <28 kg/mZiE X NI E 4,
BMI>28 kg/m?5& XN B REA[16].

1.4. it

K FHSPSS 26.0 X REAF AT G it 0 W - 76 IR0 A
M E TR Ll xds Ron, 24l LSRR & 5 24
Mrs A6 BORER F Kruskal-Wallis HE 36 15078 BER
Fy?kscs . R FH Spearmanif ¢ 73 A PEAh 25(0OH) D5 & % JiE
FHEACHHFRFR A M . DA B B T N N AR i
25(0H)D N HAF i, MIEZ LA MERIAER, #%BMIYE
CIEFR . HE. B 8T, JRRBEER . M3 & HbALc
SRR, THEBIE S 95%CI . it g8 ABMI525(0H)D
L H VAL AE HAEF, FFEAT G 2 A ARG 56 25 SR A ik
Y. BB IR AU, P<0.05%%H %t L.

2. &R

2.1. A BMI HELBIGAE

LYy N338M B, HhIEE 411381, E41165%1.
AEJEAH3S 0. = HAERAHDALCK T HLE:, ZRLSit#E
X (P>0.05) 5 ekl =R zZREaitEE L (P<
0.05) . =4ABMI. 25(0H)D. JEMETE. BEHTE. 4
BT SIS & B ECHE . HOMA-IR &z HOMA-B Eb%%,
ERME G FE X (P<0.001) . BARR#EL

2 1 A[F BMI 2 3 FL LR R 1E,

JEE2E

4
FE () 59.18+5.70 59.17+5.23
M [n(%)] 72 (52.2) 81 (49.1)
BMI (kg/m?) 22.22+1.68 25.04+0.77
25(0OH)D (ng/mL) 19.1349.12 26.1249.39
HbAlc 8.17+1.71 8.21+1.72
JEME T 14 -3.13+0.59 -2.9240.56
JEEE T 8 -3.26+0.73 -3.00£0.56
24 TME -2.96+0.70 -2.89+0.66
S & 4.40+1.25 5.22+1.48
T C Rk 1.66+0.31 1.82+0.31
HOMA-IR 3.92+0.80 3.58+0.82
HOMA-B 46.79+10.01 53.72+11.08

(0=35) Hip P
59.03+5.07 0.507 0.776
25 (71.4) 7.415 0.025
32.0242.67 274.488 <0.001
37.73+3.19 88.107 <0.001
7.86+1.84 1.489 0.475
12.65:0.49 19.377 <0.001
-2.75+0.38 22.749 <0.001
-2.46+0.50 16.019 <0.001
6.86+1.26 71325 <0.001
2244024 79310 <0.001
2.824035 55.695 <0.001
66.02+7.14 80.337 <0.001

E: FEERILL xts Ror. 25-F4E4E R D N 25(0H)D; REFRECN BMI; FiE{LIMA % AN HbAle; RS RHHIFEE N HOMA-

IR; JiRE B AAEThREN HOMA-B.
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2.2. EZiRAAHRMES T

TERR 53 B 364k L, 3 — 2 K H Spearmantf < 43 #r
PR1T25(0H)D /K- 5 8 % B K hl AR A DG F b 2 18] 119 5%
Fo R NLIR, 25(0H)DAKF S IEMET(E . B ST Je 4
WETEB R IEAR, BRit¥%E L.

ERER MR FR T, 25(0H)D/K 5% EER X, &
JECHK XHOMA-BE IEAH S, 1 5HOMA-IRE iAok, {H
25(OH)D5HbALc [Al A& WAHREME (P>0.05) o BtAk, %
HHERZ AN R IEAK, TIHOMA-IR S &% FEfa b
B,

25(0H)D
25-hydroxyvitamin D

BHTIE | g gpee
Lumbar spine T-score
AEBETE s aw
Femoral neck T-score [ =
FETE ] 5o 027t 035

Total hip T-score

HbAlc
HbALc

FRERES R
Fasting insulin

ZERSCRE
Fasting C-peptide

HOMA-B
HOMA-R

025

-1.00

& 1 25(0H)D /KT 55 % B T AR B HE A5 ) Spearman A< MEHE (F=MER) .

TE: BIOGRERRRMICENRSS; IEENIEMR, AN R

25(0H)D Ny 25-¥24kE % D; HbAlc AL EH; HOMA-B NIES p A ILAEIEE; HOMA-IR NS RIKHIREL

*P<0.05, **P<0.01.

2.3. AFE BMI ERN 25(0OH)D 5 &AL T {EH)
s AcAC =P

TE R SAE A BT SR I, HE— 2R % Je 2k [l
B, FEVRMER . 4EHS K HDALCSR A H K G, XA

BMI4> JZ N 25(0H)D 5 % & v B 25 B TR HEAT 2 02k 14 1o
HHT. GRER, EIEFAMBELF, 25(0H)D 5
L BRI AR T EY 2 IEARSS (3P <0.01) 5 MTEAR
JHEZH . 25(0H)D 5 bk & HB AL TAE 1 R IR A S B G it
2E (P >005) . WE2.

£ 2 RF BMI 2 25(0H)D 5% #3467 T {8 112 o4 M B A 53#

BMI 42 ERAL AR B

EHA JEEEAfE 138 0.028
IEHA libged 138 0.031
EHA 21k 138 0.035
A A 165 0.021
A g 165 0.028
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95% B 15 X [H] P&

0.018~0.038 <0.01
0.019~0.044 <0.01
0.023~0.046 <0.01
0.012~0.030 <0.01
0.020~0.036 <0.01
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BMI 42 L HAE B
A A 165 0.040
AEAE2H JiEEAfE 35 -0.014
AR 2H % 2 35 -0.003
AEAE2H i 35 0.041

95% B 15 X 7]

0.031~0.049

-0.067~0.039

-0.045~0.040

-0.015~0.096

P{E

<0.01
0.60
0.90

0.15

VE: BERGREEAERS . MR M HbAlc, BMI IR EIEEL,

2.4. A[F BMI EH 25(0H)D 543541 T fHR
R H AR AR

N B JE R A A BMI 43 J2 H 25(0H)D X 25 B 1)
SCMARRL, 3 — D e AR AT 45 BT AL . a2
s 25(OH)D/KF1E IE 5 41 e ke 2 41 rp 35 S5 At . S 3
AT S IEMAER (P <0.01) o MAERMEHS,
25(0H)D 5 - #B A TAE 2 (B R WS B Fe it 22 X (5P >
0.05) .

SrE-ERAE B (95% CI)
‘Group - Site
AEHG ) [

ight - Lumbar spine

0.028 (0018, 0.038)

0.031 (0.019, 0.044)

0.035 (0.023, 0.046)

IR — 4
1

rmal{weight - Total hip

o I
A . 0.021 (0.012. 0.030)
Overwefeht - Lumbar spine

sl gz
EEs e 0.028 (0.020, 0.036)
Overwelght - Femoral neck
e
L 0.040 (0.031, 0.049)
Overwelght - Total hip
AEf£E) —

Obese -[Lumbar spine

-0.014 (-0.067, 0.039)

RESHEEH) — I # 350
mora

Obese - [Femoral neck

-0.003 (-0.045, 0.040)

2 21
Obese -[Total hip

0.041 (-0.015, 0.096)

-0.075 -0.050 -0.025 0.000 0.025 0050 0.075 0.100
B (95% CT)

B 2 [E BMI JZN 25(0H)D 5% 34 T H B AR .

e BEREER BHE)  BHELRR 9S%ERBXIE (95%
CD , BZ&TINR B=0. PH AR BMI 52 KB % LI &AL
CHEME. BCEI. AHD o B{H>0/R 25(0H)D /K HH%
FE TERIEMX, B{H<0XRMMEX.

2.5. BMI 5 25(OH)D 3 BEAEF 447

HTFRESHEE R, #H—59 N\BMI525(0H)DHIAE
HIRHEAT 08, RITBMIEEW# % 2P R ER . 458
Sor, EREYER . S AHDALCSIR K&K G, fE4H
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25(0H)D Ay 25-324E4 % D; HbAlc A¥ELIMAEH: CINEREXIE.

B E R, BMI525(0H)D2 [B1 74 BAER (P =0.019),
T 6 I ME R 15 1 S0 AL R W 42 B Gtk 24 A8 BN, (P >
0.05) . W#3.

%% 3 BMI 5 25(0OH)D %2 HAE FH 3 #7 .

AL A HIN B 95% B 5 X ] P
I HE -0.000 -0.002~0.001 0.76
JBEH B -0.001 -0.003~0.001 0.23
4 0.002 0.000~0.004 0.02

v RHEI PR BMI 5 25(0H)D BIAZ BAUN B3 R
BAERY . M & HbAlc.

2.6. BURMESHT

NEGEWT 74 R R, RIS, SRR . BMI
JHbALCFHRA N R )G, VARIKTIEAE NS RS s il AT 8
T, G R BN, 25(0H)D/KF 5 AR TR A 5 IEAH
% (B=0.031, 95%CI: 0.024~0.037, P<0.01) , W.#%4.

& 4 UURAR T B84SR U 7 A

TE B 95% B/ X[ P 1§

25(0OH)D 0.031 0.024~0.037 <0.01

Ve BERGEEAERY . MR, BMI X HbAlc. T TR MM
e B R A T A AR AE

3. W

BE & N 22 8 A0 3 R n ke S 2 BB TR 9% (type 2
diabetes mellitus, T2DM) IR FFFE: LT, T2DME A
TR NS IR fE 2 —[17, 18] AT IR A 5 s
T2DMEFH B BB As B 85, 7] 1530%-40%, HFHAE
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KR FAHEA[2,19]. 2R ST, BB &
AT RN, ERCh B A S TR ] i [20]
SR REE B AR, T2DMEE B 55 3R
ARSI KA A SR SR R e, 5 KW m e,
By FACHT . A8 VE K B 28 0E K W B BE SR AR P
(advanced glycation end products, AGEs) A% 1 &
ML 2 UIMIOS[L, 21]. BEAEWFZEER, T2DMEE R
o B R T, A SR E G, R
NHEF F PR 0 2B A R e 4 i % FE AR, i 2 40
A RETE A B[22, 23] DRIk, MKE B QU R 1 A FE IR i
Mk S PRI AF DG DR 35, %o 12288 BR800 IR Rl A R
HAAHEEE L.

REFERF 9T CUIESE, 25(OH)DYE A AREAR U 3y
FEHELAER[24, 25]. fEE AT T, 25(0H)D i i i 5

PR L (2 0k BB A I 3 A B A B R SR AR A s

TENEARY 7T, 4 A= DI n] R it oot Fi 5 38 7 b R il
JERE L PRI RORE IR N S IR AR 2 5 A R AR T 45 [24-26]
A FAET2DME FE & i b B h kI, 25(0OH)DKF
SHEME. BES LS EETHEEME, Rt R
DA RE/2 1 NI (@R E R K R .

BMIME Ay S e B IR 765 ) 52 B A b, 7R AR B
BN ENER[27]. — T, e E T R L
WA ] AT R TE R, INTE— B R FRemE % 7
— 7T, MEREIRAS T RS AR BE 2 5 R A2 S
B ARH AL, X R R AT R R S (R R,
T AR AU 7= A AR R i [27, 28] ASHE Fe itk — 53k 47
BMI4y |2 Z St Bl A 40 BT fa R B, 1E 2 R0 8 4
25(OH)D- S A . % 300 A W T I A7 10 BON R 2 I
SEIEASE, WERERELL A FaR MM R IE B Gt A X,
FERBMITHETTREHI TS & KRR, RABMINUZ B % E
FIE MR R, 44 KDEE R A 2= 1
lii P

AR HAE AR o RAE — e R LR T
BMIFFAE iR RN &, Wi ReS 5 4EE XD S H %
JE 2 826 R W A FLIEEALHI P RE AL FE . AEREIRAS T AE
1 L 20 o A 2R DI AF AR G I, S ECLAEMRHE T
R SUbFERS, 484 /DA R SUATREINE S R T, M
JiR & Z AR S i AR IR A3k — il i AGES B AL . AL
WESRAE 210, 21] - 3X — K B 5 3 AR BT 5 0
HEa s —30, HIARBERAS S 44 £ DR B B R 41
SN ] R B —E R PE[25]. Bk, EIEE4EARDE
HEERRN, NF 5 REAARERAS M.

AN B BE AR, A 9T B 25(0H)D 5 4 Hi TIE
B AR E, BMI525(0H)D 2 7] (952 FAE It 5
PRI A A o 1K B A F R A5 6o 18 3 B AR ) S i
RETEONBUR . — 7T, #EEE T A A E A, 52k
MU A AR AR s 55— J7 T, AR REAR DA 5
AP B AE v] REE L S i e A, R4 KD
FEREES B A Ve R SR [27] (EARERE RS, IR
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HARME RIS AR FEARRYEERDAEZ AR A
HAEW AR AR ez 2R L Ud 47 LA
FHE TR B SO0 B 74 5 e FLAL AU 7t % 2 b R 3 11 3
[FIFZMA[10, 27]. BEAh, RERRAREA SR, T aefEk [
Guitakfe. L, FENCHER 2800 R B, USRS
Jé 11125(OH) DK Wi i B XU 7T BEA7AE — S SR PR, 32
SEE R EIRAS | R A LR S A i AR A R i b it
LR ITAl .

AHEFCRUSAE D T R BARTENE NS R fahs e, 4
REARIORAF— B SERAHIE TT T 45 R B A B e f k.
AT FCISAFAE—E RBRYE . B S, ASHITFT o o [l
WHFC, FEAARYEA IR, H i A e 4 L HE T B 6 1 P R ok
s HIR, RBETURMANFER R 7% RI5R&sh. R
TN L He b S IR 2 K 3R, AT REXF 4 2R A —
SERN; BLAh, HBMISHRJE IREA RV, e
FEAEIEAL, W REFEARGETT R e . RRIFTIF AR £
o SATHEVERTFC, 45 & 5 2 A0 K i R A G HRAr
BE— BB UEAAIT TS5 1R IF ) W HE AE ML

EARTE, AWHTTEE RSN, fET2DMEH B @R
Hirp, NAEEA. REDRES . 4EERDE TR K
PEREZANYEPLHATER G VPAY, TIAR DR — 48 5. JCH
T AFEBMURZS &, MERDEHE LKA
FBEAFAE 2257, X FR 7R e PR T TR L S0 S AL 3 2= PP A
AARACE P

4. 5

TE2 R PRI & 8 iR S35, 25(0OH) D5 FEAE |
B #0 R A T AR R IEA G . BMIHZ R R A
BEWER: EIEFAEMBESRE T, 25(0H)DSH %
PR 7R AR R R R B B B ORI o IR b8
ZEEBMURES, XF4EAE DK KB i i XU 2R AT AMA AL
A

SR
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