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[(HZE] Br BWIT4E R D Z IR (VDR) K N 2251 5 4T IR M IR (GDM) Z M 56 &, R
GDM WML AL R R 5ARE . ik SRADE DS AT, DL 20124E3 A 1 H & 201447 H
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1 logistic BV 50 M VDR JE R 5 225 GDM 2 [8] 19 56 & |, IR H] Haploview $4: 73 1 5 £ 40 5
CDMZ IR K FHR. R fEEFEKFE L, VDR EF 5 GDM & % KU 47 & (P<0.05) o 1 7 %% 24 i
BMI B8 PRI Z 5 5 5, 157967152 o7 15, 76 4 B % (AC vs. AA, OR=1.58,95%CI:1.13~2.21) , B (AC+
CC vs. AA,OR=1.58,95%CI:1.15~2.18) FIZE A 3L K (C vs. A, OR=1.41,95%CI:1.10~1.82) R fG 1~
5 GDM XU T 43 56 5 rs2238 140 10 i 7 3L i 1 (AA vs. GG, OR=2.24,95%C1: 1.19~4.20) . P (GA+
AA vs. GG, OR=1.48,95%CI:1.07~2.03) 1% i £ K (A vs. G, OR=1.43,95%CI:1.11~1.83) i LA I
5 CDM AR T s A o6 FEI AL PR AR AT 2 A5 12853564 1 50 AG JFERH T  AG+GG %
A (OR=1.46,95%CI : 1.04~2.05; 0R=1.45,95%CI: 1.05~2.00) 5 #E4 AA FEPIRUAR L , 2 CDM & 16
Rl & 5 22 10 e 47 rs2853566 7 f AG HE R AG+GG H: K &I (OR=1.43, 95%CI : 1.03~2.00; OR=1.41,
95%CI: 1.02~1.94) 5 $#E4F AA FE R A L, J2 GDM B9 & 16 [N 25 . #E VDR %& [H N i rs1544410,
157967152 41 A Y #4358 X B, H GC B f5 70 5 )2 GDM 1Y /& 6 [ % (OR=1.50, 95%CI: 1.15~1.97) .
5t VDR FE N rs7967152 . 152238140, rs2853564 | 1s2853566 i 1 2 45 1k Fl X B (rs1544410 .,
1s7967152) GC HAE A 5 GDM (1) %955 KUK T B A 5% o
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[ Abstract] Objective To investigate the relationship between vitamin D receptor (VDR)
gene polymorphisms and gestational diabetes mellitus (GDM) and provide evidence for the study of
the mechanism of GDM. Methods A case-control study design was used to study pregnant women
who delivered in the obstetrics department of the First Hospital of Shanxi Medical University from
March 1, 2012 to July 30, 2014. Of these, 334 cases were diagnosed with GDM and were matched
1 : 1 by age, gestation time and residence to corresponding healthy controls. DNA genotyping was
performed for the study subjects, and those with genotyping deletions >10% were excluded. Finally
323 cases and 320 controls were included in the study. Under co-dominant, dominant, recessive, and
allele genetic models, unconditional logistic regression analysis on the relationship between VDR
gene locus polymorphism and GDM was conducted. And software Haploview was used to analyze the
relationship between haplotype and GDM. Results At the genetic level, VDR gene was associated
with the risk of developing GDM (P<0.05). After adjusting for pre-pregnancy body mass index, family
history of diabetes, it was found that rs7967152 loci was associated with an increased risk of
developing GDM (AC vs. AA, OR=1.58, 95%CI: 1.13-2.21; AC+CC vs. AA, OR=1.58, 95%CI: 1.15-2.18;
C vs. A, OR=1.41, 95%CI: 1.10-1.82) and rs2238140 loci was associated with an increased risk of
developing GDM (AA vs. GG, OR=2.24, 95%CI: 1.19-4.20; GA+AA vs. GG, OR=1.48, 95%CI: 1.07-2.03;
A vs. G, OR=1.43, 95%CI: 1.11-1.83). Carrying rs2853564 locus AG genotype and AG+GG genotype
(OR=1.46, 95%CI: 1.04-2.05; OR=1.45, 95%CI: 1.05-2.00) compared with carrying AA genotype and
carrying rs2853566 locus AG genotype and AG+GG genotype (OR=1.43, 95%CI: 1.03-2.00; OR=1.41,
95%CI: 1.02-1.94) compared with carrying AA genotype were risk factors for GDM. Haplotype block
consisting of rs1544410, rs7967152 in the VDR gene with GC haplotype was a risk factor for GDM
(OR=1.50, 95%CI: 1.15-1.97). Conclusions VDR gene rs7967152, rs2238140, rs2853564,
rs2853566 locus polymorphisms and block (rs1544410, rs7967152) GC haplotype were associated
with an incrased risk of developing GDM.

[ Key words ] Vitamin D receptor; Single nucleotide polymorphism; Gestational diabetes
mellitus; Haplotype
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TR IR (gestational diabetes mellitus,GDM)

P 1, AR TR R O R TR PR AR 1 3K - B A

SEARTE AR I E U R IR A7 400, R 2R R D
M I RAEZ —" . GDM 423K 9.8%~25.5% [
14,3 E GDM KRR 20 14.8%~17.6%> . B A
A3 K 1 42 3 MR & 4548 1 22 4k, 3% B GDM
B R R I N . GDM 2% 2240 K H R AR
fat e 7= AR B RS . —J7 T, GDM 22 14 1 [l 7 18]
R RS Sk SN, R R T2 B B 2 U RO
(type 2 diabetes mellitus, T2DM ) F1.C» Ifil 45 595 .
AN, R BLE FOL A LR IR = RLT 2R i
i FIHT AR LI W B 38 255 iR 8 AU 358 1, A 23485
JLEE B 4T A9 A JR ARG AT J 4O 785 5 0 XL 7
I, GDM & Bk tE R I — A EH A AL T
Azl HET GDM B ARG AT 2 B 41 M 1)
FE B0 F B 5 22 IRHT B I 2 GDM s 1) DG e
o @ 4 7 32 2 ) g SR i A RN A WA i B 3R
WF5T 2 BH GDM Sz ph 35t 15 R A5 R 28 2 W] 4 3

G0 1 5 R AU T R A AR 4EE
% D Z /& (vitamin D receptor, VDR) J& 25 B BE L
TR RGO 4EE R DAES VDR A& 5 b
R O A 2T 5T R IGE A R Dk
Z A BE S 3G N GDM 1Y & 9 KURE: 1o VDR B[R 2
5 R RS, 2 A 5 R 8 R AT
ROTIRE A O AFSE R VDR KK 5 T2DM
4 2 A A D i GDM A T2DM A AL A 55 AL
il A8t 1% S Jetk >, $2 7% VDR 3£ 9 v BEAE GDM 1
R EAARRIMER . B NAMT OC VDR JE R
¥ 11 1R 2 5 1E (single nucleotide polymorphism,
SNP) i s 5 GDM (1 SCHR I 72 48/ A DG BIF 5T 45
WA—E . FHI, AR LI ERF RS — R
B P B B 23 06 () 22 G0 S AR X 4 38 3l 461 %) i
W58 K483 VDR £ 9 16 4~ SNP £ 155 GDM Z [f]
MY F , 4 GDM B BURILHI R SR L %
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L BFSEXT 4 : LA 201243 1 1 H 2201447 H
30 H 76 1L 7Y BE R R 255 — B B = BHA: B 4 16k 1 22
TS G o AABRIE : DFJH 220 J& ; @1 ;
QTGP ; DAERE =18 % . HEBRARUE « 1) B 5
BAE RARBRAE M FER . R AR A 45 10 =8 2
[ , o B UIE A% R R B3 FE 22001 43 66 5 04 7 1 %o
T [ 82, I B AR D D (5 . Rl A
LG — N F2E R AR A8 O X B s R R
o ARSI L LV RN EZE 5y 2 AT (i
WESCE :2014092) A5 X G2 34 25 8 AV [ o

GDM 2 Wik F [ R ks 5 iR x4 112
Wibr il ™ . FEREIE X G AT IR 24~28 JE 64T 75 ¢ 1
Ik 5 2 M £ X, 43 ) s R K P R A A B S
1.2 hoIfibE o HEBR AT R w2 A IR , HL L~
5 b o o AE B — 35 RI AT 2 W oy GDM: D FPG>
5.1 mmol/L; @1 h I ##>10.0 mmol/L; 3?2 h Ifi f>
8.5 mmol/L. AFFXF L Hi2 K GDM 122 104
334 5] R PEAE WY (£2 %) UE BRI A] (R 22 AR i
34N H ) K JE A A 8 1 1 VG AR R ) f B E 2
10, XT3 4T DNA K&K 20 1Y, 59 6 66 (X 49
UG R FR>109% &, Horb 11461 151 70 14 451 B2 4
PR Sy B PR 43 28 e 2 23 3 v 1 Bk 83, e 2% 323 49l
15170 320 )% REGN AASHIFFY o

2. BE A o A F ST 2 MR R AL i A
1£-80 ‘CYKAf . f#i [l OMEGA Blood DNA Mini Kit
(3£ [5l Omega Bio-tek 2 ) ) izl Il & Xt DNA #4742
B s fnalife . ff ] Nlumina Goldengate Platform
(2 [ Mlumina 23 & ) %F SNP A7 5 JEA7 40 B, A4
96 FL A I BRBE 5% HIFE S i S AR RGN, A Ry o
o AT SNP 58 A I 5. >99% ., SNP i 3% 7 1 -
@ #5755 A2 B K J % (minor allele frequency,
MAF)>0.05; @Hardy-W einberg *F- i #5: 5: P>0.05

3. Geit2f A3 i EpiData 3.1 %544 8 57 £ 45
J5E 31 1 SAS 9.4 FI R 3.6.3 B AF AT 8812400 #r .
AT AR AR DA L 725 0 A 119 2 i B Ak SR s R, S
TR E 23 (%) o, B R Al R g
FH “minPtest” R f 7£ J& K K K A& VDR B2 5
GDM I .l FHAE 2518 logistic [0 )5 98 %% 22 if
BMIFUE PRI S5 s I, AE AL i P | P e A 4
o7 2 PR 35t A A AR v 43T 35 PR RS R GDML 22 [i] 1) 56
R Hop b s e AR DL AR A A R 2
A, BT A A RN SR AR 4l A R GDM 4 520 5 G 1k

ARSI LB AR 45 T R 2 LA, R (e B T+
ZEAR Al A AL X GDM Y 52 1) 5 i 35 7 A5 702 DU
(PP A= gl R+ 2 5 R h S Hdl T AR a5 7
X GDM F14 52 M 5 5537 JE PR gt £ 455 0 2 LA W A 46 7
FEH RS A, T 58 A8 567 JE R X GDM 52
ZH R AR E R T IE, a=02", ]
Haploview F 4 PEAk BRSO 25 K, AR 1 22 0] = B i
SR SNP A7 p KA T BAAE U DX B | L v 3 AN S Al
PRI £ D 1 £ B 2T 3R R o AR 38 5, O
1E “haplo.stats” R T PP A0 Fr 0 8 VDR J R B AL 5
GDM Z [A] i & & . LA P<0.05 N £ 3 A 412

& =X

1 — I Ol SRR 24 BT - 9 643 24 BFSE R
%, GDM 41 323 A, % M8 40 320 Ao Z2I04F e R
(30.3+4.3) %, 52.1% W) 22 10 SCAGRR B Ry R 2 S LA
L A A WA T 2 000~3 999 T (58.0%) .
GDM ZH A1 HE 2H 2 i) BMI RS G 52 1 s 22 A
Gt X (P<0.05) , M SCAE AR A H U (42
WG E U G LM L IR S % SR 7E GDM 4
550 B Z 8] 43 A Y9 4, 22 R IC SR L (P>
0.05). &1,

2. Hardy-Weinberg TGS R B - A0 R IS
FEAS 3 VDR FEH 1) 16 4~ SNP 3 45, Hardy-Weinberg
ARSI R BT LS 345 G Hardy-Weinberg -
5 (P>0.05) , B9 AFE R OGR4 0. W3R 2.

3. VDR % A SNP fi i1 5 GDM & 5 KU 14 5¢
Z TEFERIKSE b VDR FE R 5 GDM &A= KU 5%
(P<0.05) . 7E % 225 BMI W PR G Z 5 b ) L F
25tk logistic [E1A 45 5 BoR , 7E 3 Wk Gk Beeik
Ao PR S AL SR VDR BE AT 441 SNP 7 5
GDM 1y A KU A G . Horp A 3 (| PR st A4 A A
T, 187967152 £ &5 (AC vs. AA, OR=1.58,95%CI:
1.13~2.21) . 152238140 {37 15, (AA vs. GG, OR=2.24,
95%CI: 1.19~4.20) . rs2853564 i 1 (AG vs. AA,
OR=1.46, 95%CI: 1.04~2.05) . rs2853566 11 s (AG
vs. AA,OR=1.43,95%CI:1.03~2.00) 5 GDM XU T+
A, WER3, EREBER T, 157967152131
A5 (AC+CC vs. AA, OR=1.58, 95%CI: 1.15~2.18) .
rs2238140 1V 55 (GA+AA vs. GG, OR=1.48,95%CI ;
1.07~2.03) | rs2853564 {i i (AG+GG vs. AA, OR=
1.45,95%CI: 1.05~2.00) | 52853566 {ii /5. (AG+GG
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R IEYRIIBE IR (GDM ) 51 2 F1XoF IR 2H 28 G HEACRRAIE LU

o EIE(n=643) GDM 4 (n=323) Xt IR (n=320) mn Pl
- " NH A (%) NBC R (%) N, A He (%) X
ZE 1 BMI (kg/m?*) 19.00 <0.001
<185 88 13.7 32 9.9 56 17.5
18.5~ 407 63.3 196 60.7 211 65.9
>24.0 148 23.0 95 29.4 53 16.6
SRR 0.26 0.880
I LT 90 14.0 43 13.3 47 14.7
Ehh kL 218 33.9 110 34.1 108 33.7
KEER T 335 52.1 170 52.6 165 51.6
AN AUA (GT) 0.80 0.672
<2000 116 19.0 56 183 60 19.7
2000 ~ 354 58.0 183 59.8 171 56.3
>4 000 140 23.0 67 21.9 73 24.0
Ty B 0.55 0.759
Py 92 143 49 15.2 43 13.4
T 248 38.6 121 374 127 39.7
fUEZ 303 47.1 153 47.4 150 46.9
FER 0.19 0.663
v 326 50.7 161 49.9 165 51.6
Zy 317 493 162 50.1 155 48.4
P R 0.04 0.839
% 337 52.4 168 52.0 169 52.8
o 306 47.6 155 48.0 151 472
VIR EE 8.41 0.004
= 62 9.6 42 13.0 20 6.3
e 581 90.4 281 87.0 300 93.7
1o LR S 0.14 0.710
= 105 16.3 51 15.8 54 16.9
w 538 83.7 272 84.2 266 83.1
Fz2 HAEFE DRI F AR EZSPENLAT R3 IR PRI 4E: K D 2R R AR
Hardy-Weinberg it &1 (HWE ) k55 ISR S S TR R (55
N BN ORI HWE — -
i e fo poe "N e Bk O MR oktiucoseen it gl
151544410 48239835 G A 0.051 0398
1s7967152
157967152 48244184 A C 0265 0311 A =0 93 100
152238140 48252664 G A 0.283  0.770
141540339 148957326 A G 0261 | Oos3 éc 136 104 1.58(1.13~2.21) 0.008 0.128
152239179 48257766 A G 0208 0632 cc 27 23 1.61(0.88-2.95) 0.124 0.639
1512717991 48259126 A G 0261  0.609 152238140
15886441 48262964 A G 0.054  0.103 GG 148 179 1.00
152239186 48269410 A G 0498  0.752 AA 31 18 2.24(1.19~4.20) 0.013 0.195
1s2238136 48277713 G A 0.191 0.523 132853564
152853564 48278487 A G 0337  0.537 AA 127 152 1.00
1511168284 48283049 A G 0.443 0576 AG 161 134 1.46(1.04~2.05) 0.029 0.176
152853566 48284126 A G 0264  0.188 GG 35 34 1.41(0.82~2.42) 0212 0.639
154237855 48287203 G A 0.464  0.384 152853566
rs7136534 48294626 G A 0.390 0.116 AA 160 181 1.00
rs11574012 48298295 A G 0.131  0.169 AG 144 119 1.43(1.03~2.00) 0.033 0.176
1 MAF : /NS FE AR GG 19 19 1.25(0.63~2.49) 0.524 0.639
vs. AA,OR=1.41,95%CI:1.02~1.94) 5 GDM XU} Ft T = AR DR R 2P BMIL DR SR IR 58 5 SR 1 A B D7
B, WA ERMEREGERT Mok gm  DEOZELREE
VDR S ) 4 1~ SNP (i 5315 GDM Ay A2 AU A1 K 4. VDR P HA 1 55 GDM 0 UK B G &R
W5, fEEN IR BAEBIIT | 157967152 13 14 25 Haploview 8431, 16 > SNP 7 5 AE7E 54
(Cvs. A,OR=1.41,95%CI:1.10~1.82) .rs2238140 /i} PAAERY DR 43 R X 1 (rs1544410 ,1s7967152) |
(A vs. G,0R=1.43,95%CI:1.11~1.83) 5 GDM Jx, X 2(rs1540339.1rs2239179.rs12717991 .rs886441) .

BTk E A e, W6, X Ht 3 (152238138, rs2239186) . X 1t 4 (152238136,
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R4 WRBAHI T A 3R D S AR ] TR
20 A AL 545 G AR P 1) 56 2R

PR eI XYL
FERR (n=323)  (n=320)

OR{E(95%CD*  PIH qfi"

rs7967152

AA 159 193 1.00

AC+CC 163 127 1.58(1.15~2.18) 0.005 0.080
1s2238140

GG 148 179 1.00

GA+AA 173 139 1.48(1.07~2.03) 0.017 0.128
rs2853564

AA 127 152 1.00

AG+GG 196 168 1.45(1.05~2.00) 0.024 0.128
rs2853566

AA 160 181 1.00

AG+GG 163 138 1.41(1.02~1.94) 0.035 0.140

TE PR TR 2K A 28I BV PR 08 B 5 SR TR D e B4 T7
AT 2 B LA

RS RPEBAABI T YR R D AZRSE N A IR
Z2 S R S I YR PRI B G 2R

7 B JElld] IR
FERAL (n=323) (n=320)

OR{E(95%CD* P{i qf&"

157967152

AA+AC 295 297 1.00

CC 27 23 1.34(0.74~2.41) 0.335 0.814
rs2238140

GG+GA 290 300 1.00

AA 31 18 1.95(1.05~3.60) 0.033 0.495
1s2853564

AA+AG 288 286 1.00

GG 35 34 1.16(0.70~1.94) 0.565 0.814
rs2853566

AA+AG 304 300 1.00

GG 19 19 1.07(0.55~2.09) 0.847 0.874

TE TR D R Z2 T BMIL B DR R 510 5 SR PR R B
LT 22 H AR B

R6 AFALAE PRI N A 3R D SRR AL TR
22 75 ML 555 S W UIHE PR 1) 5C R

P | 71 R O
L (n=323)  (n=320)

ORMH(95%CI* P qff"

rs7967152

A 454 490 1.00

C 190 150 1.41(1.10~1.82) 0.008 0.064
rs2238140

G 438 479 1.00

A 204 157 1.43(1.11~1.83) 0.006 0.064
rs2853564

A 415 438 1.00

G 231 202 1.27(0.99~1.60) 0.053 0.283
1s2853566

A 464 481 1.00

G 182 157 1.26(0.97~1.62) 0.079 0.316

TE - RPRE P 0 2T BMIL B DR S0 50 5 SR PR R B 7
LT 2 LA R R

12853564, rs11168284) . X # 5 (134237855,
rs7136534 .1s11574012) . ULIE 1. 7E %22 BMI

FUHE PRI K s I, 22 3AE 2518 ogistic [ 3 #7, X
He 1(1s1544410.1s7967152) 1) GC BAf% A2 GDM 1
fE ks R 2Z (OR=1.50,95%CI:1.15~1.97) . WE7,

it

GDM J2& — Bl i WL ) 4 iR 9 & RE | X282 7= 1A
TS B A KA R RJE 5 bR T AT T
Ak, HEEA T 1Z 82 TR kg, A5 i
1955 1 %t BB I 58 S AR5 VDR $E [F SNP 37 15 5 GDM
Z A ER 0 GDM B BEURHLTHI BTt &R .

ABEFE BT T R S X VDR SE
SNP {37 55 GDM & 9 KU 2 [B] 1) G 3R, 25 2 & 30
VDR 4t rs7967152 . rs2238140., 1rs2853564 .
152853566 i M 2 & M K& X B (151544410,
rs7967152) GC B 5% 1 5 GDM # & i AU Tt =5 AH
Ko VDRIEFA F Y AR 12q13.1 &, B 454K D
KAV RON N . VDR T 32 43 A5 1R AR Y 44 Fif
AR rp e R Dt 5 VDR 256 ok & 1
HAEYTEEAE N, VDR X #E L0 2 i 4 A 28 D i
FOCEE, BAR DRI RN R,
[ Bt BB A5 19 D098, 52 LA (1Y) e e T RE ™, 4
AEZEDELZ 5 GDM A X 4iA K DAl LI o
ELIE RS R B AN A (%) VDR, 15 17 5% 1 JEE 5 B 41
JHL B I RE A1 A 1 5 3R 430 5 30 A 9T A0 Y P A
U RE S JBE B 2R G 5 A3 W 5 3 o T A
TIBe , 10 ) 4= B JAE S, DA 98020 Xof Jige 5% B 44
BB E s, AR DR . 4EAE 3R D RE A
GDM &9 () SRR, A 52 i 4 24 2 DAE I Y
LR & AR SRl RE S5 I GDM W & A= . Tl VDR %&
B2 25 PE AT RE S5 MR VDR B F6 3K , TS I 4 A=
K DN Y)RE &, 35110 7T BE 452 GDM 19 & 4= .
HEAWIEERW VDRI Z 80 5 E XA
K, AT 6 S W R I AU AR A R LS R
FROPWRETIA OC T B AN ) R R A RN R
HEHTHE & GDM & A H SCHE™, A I VDR BE R AR
SR HES) B GDM.,

H AT E NS VDR R 28515 GDM 1 KK
PERFFE 50 MO E 2518 AR —30 . HE R
) — T 955 191 6k BEBIF 5% LA 826 f51] GDM 241 5 858 4]
Ak GDM 22 10 Ry WF 58 XF 42, %F VDR %& 1A 15154410,
157975232, 13731236, 152228570, 15739837 4t 5 4~
SNP v g AT R R 3 8 5 S R L2384 5 GDM
TCoRER . Hp R T A — 330 A BAB AT 5 2R B
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w w w v |2} v wv |22 " w 12} wv wv j2] "
b S S b - — — - A S — S S A —

Block1 (4 kb) Block3 (4 kb) |Block4 (5 kb) Block5 (11 kb)

9 10 11 14 15

Bl1 4R D ZREE 164> P R 22 A5 1 3% BIUAS - 47 14

RT HAERDZIRIEF R 1(rs1544410.1s7967152)
PR 5T ORIV PRI 10 2C &

LA B (%) OR{H(95%CI)* PH
GA 73.23 1.00
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