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BARABTESEOOLSRMIEH . MERTEHGMAR, FiE ®R5126 425 T2DMGR I ) A IE
T2DM & % (3T, AP 19p B HM%E, Bt % F PCR Ao £ Lt m VDR £ B Fokl.Bsml.,Apal %
Taql 1% % % &M, ELISA &0 & fo ik ZAE 45 % (cOCN) A R B F 45 (ucOC) K F, emfieFkEEAD
FRA EFE KB REABHELFIER, M cOCN ucOC 5 R I/mR wE Fhmiatth, 8 4
NFE R0 493 ) 46 22 )5 ot L 363X 50 20 246 ) Ao xd B 4E 247 4], X364 VDR Fokl FF & B 247 £ 00 8 & F &
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[Abstract] Objective To investigate the genetic susceptibility of the vitamin D receptor (VDR) gene
and the association between osteocalcin (OC) with metabolic indicators and related vascular events under sus-
ceptible genotypes in postmenopausal type 2 diabetes mellitus (T2DM) patients in the Suzhou region.
Methods A total of 512 postmenopausal T2DM (control group) and non-T2DM (experiment group) patients
were selected,with 19 patients lost to follow-up. Polymorphisms at the VDR gene Fokl,BsmI, Apal.and Taql
loci were detected using multiplex PCR and single-base extension. Serum levels of carboxylated osteocalcin
(cOCN) and uncarboxylated osteocalcin (ucOC) were measured by ELISA. Demographic data, vascular e-
vents, metabolic function, and medication use were recorded. The correlations between cOCN or ucOC and
metabolic indicators as well as vascular events were analyzed. Results The study included 493 postmenopaus-

al women,comprising 246 cases in the experiment group and 247 cases in the control group. The frequency of
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the VDR FokI FF genotype was significantly higher in the experiment group than in the control group (P <C
0. 05). Within the population carrying the Fokl FF genotype,the T2DM-+FF subgroup exhibited more severe
metabolic disorders (P<C0. 05) and a higher incidence of vascular events (P <C0. 05) compared to the non-
T2DM+FF subgroup. Correlation analysis showed that in the T2DM + FF subgroup,cOCN and ucOC were
negatively correlated with some metabolic indicators (P<Z0. 05) and positively correlated with the risk of vas-
cular events, including hypertension, membranous heart disease, congestive heart failure, myocardial infarc-
tion,and percutaneous coronary intervention (P <(0.05). Multiple linear regression analysis confirmed that
cOCN and ucOC were independent influnce factors for vascular events in postmenopausal T2DM patients with
the VDR FokI FF genotype. Conclusion
T2DM patients with the VDR Fokl FF genotype. This study provides preliminary genetic evidence for person-

OC affect metabolic study and vascular event risk in postmenopausal

alized risk assessment and targeted interventions in susceptible populations in the Suzhou region.
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2 B PR % (type 2 diabetes mellitus, T2DM) B &
SERYE N A 5™ R 3 A R L 4l WHO Siit,
EERAA 4. 63 AC AR NRE BB IR T, Jerh 90260 LA B
T2DM'", T2DM A D550 B | B 32 38 1T ok o
i A AH OC I A4 Hh 0 I 4 R (central vascular dis-
ease, CVD) i &AL TR 1Y 50% LU 2, sAe & AE
PR e B B B 2 B e, e R D
Ak (vitamin D receptor, VDR) 3[R fif T A2 12 5 3¢
R (12q13. 1D, H B 17 1R £ 25 PE (single nucleotide
polymorphism, SNPs) A i 1 2 A8 57 14 45 ¥4 5 Ty g , 5%
Wi e A 2 D AF Sl BRI P . 2SS, VDR
L2 &S T2DM KB A7 Fokl(rs2228570) fif
S F AN P 4655 VDR 8B EH B N g i 48, BRAK
H 5 DNA 454308, S8 5 R BURE TS . 2T
PN Fok] FF 3 PR B85 447 25 19 25 1 10008 A0 W% Ak 1
#1 45 H (glycosylated hemoglobin, HbAlc) /K81 & & T
e E M R AL B 45 % (carboxylated osteocal-
cin, cOCND 2 py B 4 0 23 o 1) AR Ji B 2 1, FEFE PR
shF X Bk & 4 A F D I 4 (vitamin D reaction
element, VDRE) , j& H A M — #1555 VDR H #4554
A AR S . 7E T2DM 3 . cOCN K K- i
FEAR , 1] oK 3R 1k & 5 Z (undercarboxylated osteocalcin,
ucOC) AT 3 3k 55 3 Wb 422 410 1 JBle &5 3R A5 53 %5 o ) Jge
S EIPL

A 25 e ME ER B = T ST O N R R E R
IO o A1 30F B0 oS R R AL BEBRE . 3k — R BT S S
Y22 J5 T2DM B35 BCh KA i A S e AR, it
A B0 BoR . 4 2 )5 T2DM i34 3 3h bk 3 i b 2
JE ¥ (carotid intima-media thickness, CIMT) 5 ¢OCN 7K
SEARSEN, ITAERE T K& B cOCN AL B I B 14 b
SRR E N A I R S S ARSI,
Il PRESE R ARG ER cOCN 7K 15 3 Jik 45 4k . 0 JLAE
BE B0 F1 FE 0 A B AU A O

JL4E VDR K 284 cOCN R 5 i & = 144 &
Az XU 1) DRI 2 FEAS R R b 45 30300 20 ik (H B X 48

vitamin D receptor gene;type 2 diabetes mellitus; postmenopausal women;osteocalcin me-

28 ) T2DM A . = 3 6] i 58 H AT FH it R B 2R 40 i F
5%, ARWFFE B 7E 20 HF VDR Fokl FF K& [H & %4 28 5
T2DM 3 B 45 & (osteocalcin, OC) AL & A& i &
F e A AU A S BB o Sk DR A DG AR - 1l 4 A8
VE AR A 25 38 A% 2 UE 4
1 ARl5H%E
1.1 —f&FH

PEHR 2020 4E 3 H & 2024 4E 3 A TR Lt hEE
B N AR IR SIS 0 4 28 ) Lo bE R IR 42, R
Gt A PASS HEATREA B BT BT I 1 S 80
#% . Ratio of cases to controls & 1,0R to detect & 2. 50,
Proportion (%) controls exposed & 55% , Significance
k1 0.05,Power 2 80% . HH1,80% K SR EwE )12
Ry B 2 AR5 B 8 A T DS I 3 7 v 15 0 U 4
N IR BB A T 5 B R AR BRI MR R A R
BT/ NFEAR R 84, T A 323X F AR I 1 R 12 W
GERLH RO R BE T 512 B4 2 )5 Lo I B BT 5T
XP 4, Hor 4 45 T2DM i3 35 Fl WS I i M. B Uy
HATRIIEAT 19 1) B vk o 8 91 PR 4 R S 4 Bk R
36 B F BT RO TR HY L4 61 35 ShaRas i R =
FAWEREAEE., RLREHM A T2DM B #H
246 1], %t B AE T2DM g 247 ], SFR0F58 7
PR R B A AR R BETT R R 96. 3%,
AT ARRUE . (DL, AR 2R =1 455 (2) 95
PH M IX H AR O AR R ] =5 4F) 5 (3) T2DM B % 1
54 WHO T T2DM fi2 Wiz i, HbAle=6. 5% 5k
AW IMBE=7. 0 mmol/L.JE T2DM H # 7 1 /2 25 I 1l
Bi<<6.1 mmol/L H HbA1c<5. 7%, HEBRARAE: (1
1 SR R B A R TR 28 RUOBE I 5 (2) B3R Akt &
i 5 (3) A 7 I 2% T BE AN 4[4 290 JUE 955 T 25 (New
York Heart Association, NYHA).L>IhGE232% [T ~ IV 2% 8%
JFLhfEdE bR ATL (AST #81E % EBR 3 f% 3 8 5 /N ek
JEIFFR <30 mL « min ' ¢ (1. 73 m) *; (4) FE KM
JIRE 5 (5) 7778 52 i 1R 3 A% B Can B IR 55 R ) BE S
HSUE AN AR AR 5 (6) K Il P R SRR DU 24
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Y SRR 8 55 TP g A s 4k AE R D R 259
(DAFFENFIEUR fi i CIE LA A5 . AR C
B lmi b B B B £ B 22 B 23 It o CHF it 5. KZY2023-
012-01) . Z K& ¥ A R &
1.2 F#*
1.2.1 2% PCR 5 #£mAEMmE5 A KR

AR AR AL IR i B E 4T VDR SR 228
oy bt RS EE BRI 5 mL[Z MM Z R
(ethylenediaminetetraacetic acid, EDTA) ¢ ], i F
Puregene iR 7| & (1 E Qiagen 2~ 7)) ## I A 40 g
DNA. £ %f VDR 3 FokI (rs2228570) ., Bsml
(rs1544410) . Apal (rs7975232) f Taql(rs731236) fif
SOBTHRE S S W, 5190 5 8 43 51 k- Fokl IE [] 5'-
ACT GAC TCT GGC TCT GAC CGT-3', Je [} 5'-
CAG CCT TCA CAG GTC ATA GCA T-3',%Efifi 5'-
TTT TTT TTG CAC AGG AGC TCT CAG CTG
GGC-3";Bsml 1F ] 5'-GGT GCC CCT CAC TGC
CCT TAG-3', i I} 5'-TAC CCT GCC CGC AAG
AAA CCT-3", I ff 5'-TGG GGC CAC AGA CAG
GCC TGC-3"; Apal 1F ] 5'-AGC GGA TGT ACG
TCT GCA GTG-3', ] 5'-ACG GAG AAG TCA
CTG GAG GG-3', ZE {1 5'-GGG TGC AGG ACG
CCG CGC TGAT-3'; Taql IE [ 5'-AGC GGA TGT
ACG TCT GCA GTG-3', ;11 5'-ACG GAG AAG
TCA CTG GAG GG-3', ZEff 5'-TTT TTT TTT
TTT TTT TCT GCT TGC TGT TCT TAC AGG
GA-3', PCR WK & & GoTaq DNA B4 M (3£ H
Thermo Fisher Scientific 2% &), PCR % [ £ 14 5 1
AME 94 °C 5 min;94 “CZAEHE 30 5,55 CiB Kk 30 .72
CIEAH 30 5,3 35 DFEI ;4 72 CIEAf 3 min, R
H Multiplex SNaPshot % 4t (3£ [E Applied Biosys-
tems 2 @) 5E M 4 4> SNP A7 5 A4 35 K 43 AL, 53 i
LiCor 4200 I JF A X 10 Y6 bR A% (F 2% & HY [ 28 A8 7))
AT BL ] 0 56 U, A R 43 750 245 SR o Aff 1
1.2.2 R34k ELISA #E# @ cOCN,ucOC K F

KA S E KNS, B bR A T 4 °C & T L
1 000X g B5.0> 10 min, 43 &5 1135 IF 0 B R A E D,
BT —80 CHANR KA K MR . cOCN, ucOC 7K
SR I SR XA fA ELISA 31 i J§ H 4% TaKaRa
8w A MK 305 & MK 118 32 511 & 43 531 A6 I
ucOC.cOCN, S50 o 78 v /™ k& P AT T 45 4 o, ik N
A S RE5 06, L[] AR S R E <7800, B R A I &5
()] 8 A PR AT R
1.2.3  RHFF5 440

25 LW R FH 28 0 A A i vk 0 L 2 R R S R
KR ELISA 3R 7] & (% E Abcam 23 &) Il % .
HbATc 2R H 5 80 AR €0 5 v 00 2, 118 2 550k F B v
M E . R &2 HEPE T8 2 Chomeostasis model assess-
ment of insulin resistance, HOMA-IR) i} & 3 T &

K HOMA-TR=[ %5 i i &% F (pIU/mL) X %5 i 1l Bl
(mmol/L)1/22. 5, %5 8 B 5 & ¥ i ¥ #.
1 pIU/mL=6.9 pmol/L,
1.2.4 %% F44E

ASBIF ST AN ) I AS S5 0 4 1 a0 L R O
WG T O T O LA BE | e IR B ik 5 i RS AR
Ko 28 B e R B Bk A ARIT s AN ABRAEGD R - & i
Z W B & i R B IR HR R (2018 B IT RO ) BR
WEDT L R 4 FE =140 mmHg /5% & 5K K =90
mmHg , s BEE 012 I 32 32 25 W36 97 5 I IS 1 0 W o
A o 7 0 S R R 2 T I 45 R ST R B A O TR
40 s FE MR S AR E NYHA DIRE g ~ IV
9 B A7 0 2 G A3 B<<50 % 5 o LR BE R A WHO
bR L MR O e 1] B 25 AR % 0 WL
HFEAR T E (WS &E B 12>0. 04 ng/mL) /19 P I ; 7
AR h ik 55 % B8 0 AR 5 28 Bz 5l 4R sh kA A TR 7 T i
= B F AR D st g AR ik .

AWEIEAN AN 6 T = R 55 T sh ko B
AR O I A5 5 1) Sl A 6 TR 28 g I ) L 65 K 7
A CHRE RS O 96 ) L T fig &5 Jm) (FE il 0 T IR L &
PERAF COWLEESE) 3697 1 1 (UL iz B A L 52 R
BT B &L R R BORIT R A R L BE X4
Ji T2DM B SN A S5 RS RICPT 18 M i b
B YA G I & E o ) 3 v R B ik A s
FF A AR - 145 52 EL 0057 B BRERAE . ARG I S A 4
Sk % I 3 G = O VA I 22 L R AR ST AR R .
1.3 “itsam

K SPSS22. 0 #AF AT B M. ¥ A IES S
TR R DL o 45 Fos, 4l iB] H 5R FH #6 h 57 A
At k. THECSORE DL BB A R OR L AL L A
SR X K5, LA ILRE X° K5 50 i 5 R AL 43 A 2
474 Hardy-Weinberg (5 V- fij £ . RHZHE
logistic M0 87 ¥EAE VDR 35 K A 5 95 5 XU B 19 5%
HK58R 5 . SR ] Spearman Fk #H ¢ (3% &1 A8 i/ 5 9 A%
i) o¥, Point-Biserial A 5¢#T ( .40 2828 ) 48 o (8] /Y
AHSEE, £ 04k ] A 4 R PR A cOCN, ucOC 518
WHE bR 0 SR R A SRR G . L P<C0.05 A2
SHEGIFE L,
2 % R
2.1 AR SARSH

X2 m T2DM L M%) VDR 3 H 2 80 5 by
KA K 4 Fokl FF 2 PR A 05 R B 1 % B 41
(P<C0.01) ,F 250 J PR A3 38 Al B 3 v T X B (P =
0.02), W38 1, Wil Bsml Fl Apal {37 s K K £ &5 M
Feie 2 R G HE X (P>>0.05), J5 2 iF 584 5
XF Fokl FF 3L A 5 J& A B G568 41 FF 3k K 8 167
B, % AR FF R 161 D JEF7 A 438 . Hardy-
Weinberg ¥ 5 ) 75 £ 4 5k R 8 43 A7 447 & 5t 1% 5 fi
(P>>0.05),
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F1 P4 VDR Fokl,Bsml,Apal # Taql i &M EEMERBFESMLBR(%)]
FEH R 2 (n=246) XTHRZH (n=247) OR (95%CI) P Hardy-Weinberg ¥ 5 P
FokI 0.13
FF 167(67.9) 161(65. 2) 2.52(1.65~3.84) <<0. 01
Ff 62(25.2) 65(26. 3) 0.98(0.62~1.56) 0.93
f 17(6.9) 21(8.5) 0.85(0.42~1.72) 0.65
F 396(80.5) 387(78.3) 1.15(1.02~1.30) 0.02
{ 96(19.5) 107(21.7) 0.87(0.64~1.17) 0.35
Bsml 0.62
BB 79(32. 1) 82(33.2) 1.03(0.70~1.53) 0.87
Bb 115046.7) 118(47.8) 0.97(0.68~1.38) 0.85
bb 52(21. 1) 47(19.0) 1.12(0.70~1.81D) 0.63
B 273(55.5) 282(57. 1) 0.94(0.75~1.18) 0.59
b 219(44.5) 212(42.9) 1.07(0. 85~1. 35) 0.59
Apal 0.08
AA 88(35. 8) 90(36.4) 1. 02(0.69~1.50) 0.92
Aa 109(44. 3) 112(45.3) 0.96(0.66~1.39) 0.82
aa 49(19.9) 45(18.3) 1.10€0.68~1.78) 0.70
A 285(57.9) 292(59. 1 0.9500.76~1.19) 0. 66
a 207(42. 1) 202(40.9) 1. 05(0. 84~1.32) 0.66
Taql 0.22
TT 73(29.7) 75(30.4) 0.98(0.65~1.48) 0.92
Tt 120(48. 8) 123(49. 8) 0.96(0.67~1.38) 0.83
tt 53(21.5) 49(19. 8) 1.10€0.69~1.77) 0.68
T 266(54. 1) 273(55.3) 0.9500.76~1.19) 0.65
t 226(45.9) 221(44.7) 1. 05(0. 84~1.3D) 0.65

2.2 TAE—fFFHRER

itk — 243 B Fokl FF A& R & B J A BE 19 Il TR
FROE AR B 5T AR T30 21 5 6 JR 4l vp FF 6 R AL 4
i & (W) T2DM+FF W4 54E T2DM+FF W41) 19
FEELTER . N H %R 5 i, T2DM + FF W41 5 3
T2DM-+FF 72 W AR AR R R R 1 BMI A 22 %
BEAT2ERE L (P<0.05) I 55 14 Jr T, 6 20 & I
JE TR e T g vl AL LB AE & AR R R, 2 A
Giitar L (P<C0. 05), AR Tfig Jr 1, P14 25 I i

Wi, 25 8 B %, HbAlc, HDL, TG, HOMA-IR,
cOCN K ucOC /KFEH 4, 2 A i % 8 L (P <
0.001), FHZ15 i J7 1 . 15 2L %5 3 T8 B ¥ 57 L B 0 £
R R S R 25 1 R L 2R B St B (P <
0.05), W3 2, W # 4 Fokl FF % K & H & &
T2DM 4 25 835 t AU #E7 FF SL A AE R B T2DM
P & 25 B A R T AR O 3K L S R R LA
KA AR R AE . T 0% B R R I R e AL
TR,

%2  T2DM+FFEAEIE T2DM+FFEHAMAOZHE NEEF RBHERER AHERILR
i H T2DM~+FF W4 (n =167) 3 T2DM+FF W41 (n=161) X%/t P
NSRS
R (5. %) 62.3+5.8 61.5+6.2 1.21 0.23
WK [ (6] 67(40. 1) 40(24. 8) 9.54 <0.05
NG R (T +5, %) 35.2+4.5 31.8+3.9 7.33 <0.01
HE (x+ s, kg) 76.4+8.3 70.24+7.6 7.15 <0.01
BMI(z +5,kg/m*) 28.9+3. 1 26.2+2.8 8.67 <0.01
L35 1 [ (26) ]
155 1M 132(79.0) 98(60. 9) 14.72 <0.01
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%2  T2DM+FFIEHAEIE T2DM+FF AN A OZHE DEEG . RiEeeER AHBRILE

A T2DM+FF 4 (n =167) 4k T2DM+FF W4 (n=161) X/t P
RN 2O T 5 12(7.2) 10(6. 2) 0.15 0. 70
FE ML ) 25(15.0) 12(7.5) 4. 67 0.03
L LA B 18(10.8) 7(4.3) 4.92 0.03
AR B Jok 5% 5 RS A A 8(4.8) 5(3.1) 0. 67 0.41
28 BRI B kA AR IT 10(6. 0) 6(3.7) 0.93 0. 34

RTIRE (£
25 I8 1A% (mmol /L) 8.6+1.5 5.240.8 25. 30 <0. 01
25 JE 8 R (pmol /L) 95.3+22.4 62.1+£18.7 14.70 <0. 01
HbAlc( %) 7.8+1.2 5.540.6 20. 90 <<0. 01
LDL(mmol/L) 3.240.9 3.040.8 1. 95 0.05
HDL(mmol/L) 1.14+0.3 1.34+0.4 5.12 <<0.01
TG (mmol/L) 2.4+0.7 1.840.6 8.23 <<0.01
HOMA-IR 4.241.1 2.14£0.7 19.50 <<0. 01
cOCN 14.5+3.8 18.244.1 8.15 <0.01
ucOC 9.6%+2.9 12.4+3.3 7.89 <0.01

JHEGEBLLn (Y6 ]
i1 251 75(44.9) 68(42.2) 0.25 0. 62
B M /MR 25 60(35.9) 55(34.2) 0.11 0.74
(3-BH # 751 45(26.9) 40(24. 8) 0.19 0.66
15 388 12 RH i 711 90(53.9) 65(40. 4) 6.34 0.01
I 5K 5 22(13.2) 18(11.2) 0.33 0.56
[ 105(62. 9) 0 147. 20 <0.01
I FR 3 50(29. 9) 42(26. 1) 0. 63 0.43
K25 130(77. 8) 98(60. 9) 11.72 <0.01
Kbk 25 158(94. 6) 0 318. 40 <0.01

2.3 cOCN,ucOC 5 &2 FA D%t FHIE ¥ F
AR AR 8 AR R 25 UL 6G 4B K b 4 AT

£ T2DM -+ FF W4 f A 2% %8 8L 77 T, cOCN
S RS RS BMI & 7UF 56 (P<<0. 02), Ifil
B cOCN 5 5 1L F R B8 1 0 JIE S L 78 i
A 3 by O WU BE B 28 1 5l R 3 Bk A AR 9T & AR R
HIEFC(P<C0. 05, RfThfg i, cOCN 575 8
A 25 i 5 2 . HbAle, TG J HOMA-IR # 2 1
(P <C0.05) . HH 25N & )7 1, cOCN 5 45 38 8 fH
TR IR 3R L R 2 ) R R R 2 ol R R B RE G

(P<C0.01)., ucOC &5 2 jz 5wk sh ik /v A6 97 ez
JE it 4% TC S A , AR AR bR A A E 25 R 5 cOCN —
0% 3,

M7EdE T2DM+FF 4, cOCN,ucOC 5 A 1
ZETOREL LA A T AE bR Y JE B A G M (P >
0.05), CIEhEEIT i, cOCN,ucOC {¥ 5 LDL,HDL
BIEFASC(P<C0. 01), HZE B J7 1, cOCN L 5 iy
TP R R FEA (P =0. 01,1 ucOC 54
T 253 6 B B AH R (P >0, 05) , 3% 3.

=3 T2DM~+FF A FIE T2DM+FF A cOCN,ucOC K E5E2HEANOFITFHE . MEEH.
RiITheEIEiIr BB B RNMBEEES T

cOCN* ucOC* cOCN® ucOC®
i H
r P 7 P r P 7 P
UNSE 39t
AR 1 —0.08 0.33 —0.06 0.45 0.12 0. 20 0.09 0.34
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%3  T2DM+FFIEAMIE T2DM+FF TH cOCNucOC Kk EE5EHEAORITFBSME MEEH.
RifthaedEin AABRHOEXES
i cOCN* ucOC* cOCNP ucOC”
r P ) P r P , P
% A —0.21 0.02 —0.18 0. 04 0.08 0. 40 0.05 0.61
g R —0.25 <0.01 —0.23 <0.01 —0.14 0.14 —0.11 0.24
HE —0.34 <<0.01 —0.31 <<0.01 0.10 0.27 0.07 0.47
BMI —0.36 <<0.01 —0.33 <<0.01 0.13 0.18 0.10 0. 30
I 45 1
55 1ML 0.29 <<0.01 0.25 <<0.01 0.18 0.06 0.14 0.13
I TR A O JUE 0.22 0.02 0.19 0.03 0.05 0. 60 0.03 0.75
FE M O T 8 0.24 <<0.01 0.20 0.02 0.09 0.35 0.06 0.52
O AT B 0.26 <C0.01 0.23 <<0.01 0.11 0.25 0.08 0.42
SR B Bk 55 B B A AR 0.05 0.58 0. 04 0.65 0.07 0.47 0.05 0.61
2 B R Sk AR T 0.30 <<0.01 0.11 0.18 0.26 0.06 0.20 0.31
R e
25 1 i —0.29 <C0.01 —0.15 0.06 —0.15 0.11 —0.12 0.21
GRS —0.32 <<0.01 —0.27 <<0.01 —0.21 0.08 —0.17 0.12
HbAlc —0.37 <<0.01 —0.35 <<0.01 —0.17 0.07 —0.14 0.15
LDL —0.09 0.25 —0.10 0. 20 0.33  <<0.01 0.28 <<0.01
HDL 0.14 0.08 0.12 0.14 0.38 <0.01 0.34  <<0.01
TG —0.17 0.03 —0.16 0. 04 —0.19 0.06 —0.15 0.10
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