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5 SEIRIE PR IR R K B

EN
(TogmMmEdFCER AWE, TE wE 473000)

HE.B Wite® BRI Bmi R 305 EREAE(GDM)RIERE R £ ., Fik RARSE
Bk B — FR%)HE B B KB % &AM (PCR-RFLP)# K 2t 136 4] GDM %:42(GDM 41),118 4 #&t 5 7 % 242
(GIGT 41) % 106 41 %FM’%JE # 54 (GNGT 41 ) & Bk £ EEEN(1)/ 5 (D) % S 4s 53t /7 047,
837 A7 dn B F TR 2 ACBE(ACE)(I/D) A R 2350 S Ak 5k E hek b, 2 GDM 4 DD #
WERDESLERHEST GNGT 4, | | B4&F GNGT £1(P<0.05), GDM i+ ID.DD A H A FPG.Fins,
ACE % HOMA-IR ¥ & F 1| #(P<0.05),GDM £i ID.DD %! Jthk £5 By b B6 it -F-ak .7 72 L 37 A )LekeB 48
LEAAAE AT A )UK A B B AT AL F e s F A g ) 2039 % T 11 A (P<0.05), DD £ H A ,D 45 A B F 4 GDM
a’a/ﬁwa% DD AR A A4edk R B4ty e B &, 4518 ACE(I/D)AE #4558 DD A2 GDM Fodtdk

RUEBMIRI SRR L,
SR RN RR R B i TR R ARALEE AR S S
FhE 43S R587.1 XHERPRINES: A

Correlations of ACE gene polymorphism with gestational diabetes
mellitus and pregnancy outcome

Yu-ling Lin
(Department of Endocrinology, Central Hospital of Nanyang, Nanyang, Henan 473000, China)

Abstract: Objective To investigate the relationships of angiotensin converting enzyme (ACE) gene poly-
morphisms with gestational diabetes mellitus (GDM) and pregnhancy outcome. Methods Polymerase chain reaction
restriction fragment length polymorphism (PCR-RFLP) technique was used to analyze ACE insertion (I1) and
deletion (D) polymorphism loci in 136 cases of pregnant women with GDM (GDM group), 118 cases of preg—
nant women with abnormal glucose tolerance (GIGT group) and 106 preghant women with normal glucose tolerance
(GNGT group). Then the women were followed up, and the correlations between the SNPs of ACE gene and
the pregnant outcome were analyzed. Results The frequency of DD genotype and D allele in the GDM group
was higher than that in the GNGT group, while the frequency of 11 genotype was lower than that in the GNGT
group (P<0.05). The FPG, Fins, ACE and HOMA-IR in the GDM patients with ID or DD genotype were
significantly higher than those in the GDM patients with Il genotype (P<0.05). The incidences of premature
rupture of membranes, premature birth, neonatal respiratory distress syndrome, neonatal hypoglycemia and
neonatal hyperbilirubinemia in the GDM women with ID or DD genotype were significantly higher than those
in the GDM women with |1 genotype (P<0.05). DD genotype and the D allele frequency were the risk factors
for GDM (P<0.05). DD genotype was the risk factor for adverse pregnancy outcome (P<0.05). Conclusions
DD genotype of single nucleotide polymorphism of ACE (I/D) gene is the independent risk factor for GDM
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and adverse pregnancy outcome.
Keywords:  gestational diabetes mellitus; pregnancy outcome; angiotensin converting enzyme; gene
polymorphism
U 4R 3 B PR 9% (gestational diabetes mellitus, 2430, & ANBEVTC AN IR IRES R o
GDM)Je 5 (R IR I i U R A AR R B OB 1.2 T30k
S PE G MU, SERARIEIRGSRA S, 121 —Mils RO A R IR AR e R

TR S R E RIL. F= UL A AR b 45 %%
PIAR DG, 145 5K 2 7 Ak (angiotensin  converting
enzyme, ACE ) 5 & 4 I & 1l Fe , LA SAAS R AR 45 A
HYIMECE, ACE ZEHMSH 16 NEFTHEAR 14
287 bp [ DNA F BtfEfEddi A (Insertion, 1) stk
(Deletion, D) Z&MEE, B 44 HRIAIESZY, ACE(I/D)
ZAMEE 2 RUBEPRIE W R B S DA DG, [R5
GDM LEg e S I A /KA —E &R o AWFE B TE
BT ACE(I/D) £ 25MES GDM, DL KN KLU UR4S SR
FZ, I I GDM KA R IRES Rt & 4
FRAEAAE .
1 #MERE
1.1 #ERIHR

PEHL 2014 4F 4 A -2015 4E 6 H 1E i 74 7 FH
7O B2 BE 42252 0™ Rij A A 1 42 24 ~ 28 JR 4 Uk
A4, 17 50 g HEii A (glucose screening,GCT),1 h
MLKETE =7.8 mmol/L 47 100 g ##ifi 215 (oral glucose
tolerance test,OGTT), Fu{ll=s i€ Iif% (fasting blood
glucose, FPG).1.2 & 3 h Ifi## (blood glucose,PG)
i, ZRURR T py KBl ) (5 7 JRO AT 2011 4F
ADA £ T GDM 2 Wikrif : OFPG=5.3 mmol/L;
@1h PG=10.0mmol/L; 32 h PG=8.6 mmol/L; @3 h
PG=7.8 mmol/L, 241 /£ =2 T & N2 Wik GDM, A~
T 2 ZLRZ WA AE GDM Z2d, Ho 2k GDM £
136 151(GDM 41)., 4% 25 ~ 38 %, F-34(27.69 +
4.02)% ; i 48 39 ~ 42 Ji] , F-34(38.87 + 2.21) A,
B A i ek S 45 (gestational impaired glucose tol-
erance,GIGT)/E# 118 fl(GIGT 41). 4Fiit 26 ~ 37 %/,
F-34(26.83 £3.61) % ; 4 i 2 J] 39 ~ 43 JA , F-H
(39.01 + 1.95) Ji . M it 2 1 42 414 (gestational non
glucose tolerance, GNGT)£E+106 f7|(GNGT 41 ), 4%
25~38 % ,F-14(27.96 + 3.99) % ; 43U 4 JE 39 ~ 43
JA S F5(39.39 + 2.07) ] . A 2 I £ kR
HABLLYRA FFARE LA SO A0 B L il 4502 g s
B TS R B 1S I R AT = e 2

FEAHIA ) IR0 S A2 300 R AR IS B AR I
KR E 5% (body mass index, BMI)ZE P46 i HC
A JE R DK AL, 0 A A AR A, A RIH [E B (total
cholesterol, TC ) Kz = H- v (triglyceride, TG ) (%A AL i}
1) FPG( H 7 H Sz bk=2s4t H 37 76002 42 FH 844k
FRAR BT A ), 25 1 JiE 1% 2R (fasting insulin, Fins) Jf&
8 5 VT M 75 £ (homeostasis model assess-
ment-insulin resistance index, HOMA-IR) X fa7s B
41 L 2 i 3T 4 75 %% (homeostasis model assess-—
ment- B cell function,HOMA-IR), M4 Sk K1k
(k).

1.2.2 B2 A HE A% BR (deoxyribonucleic acid, DNA)
PR BPUMFEPRZAR 2 ml, SR FHFE R 2 DNA P f 4l
R & (G [E Promega A= 4971075 24 F] ) $2 B DNA, %
AN T RE TR DNA AR Fali i, sl E2isk
A260/A280=1.8, B A -40°CUKF & R IA7-%5 F o
123 3la sk FRBAHSCCERRITS 4, i s
R TARRA PR F & 1. R H] Light Scanner
Primer Design /4% i1 ACE(1/D ) 3 KU AH R 7 5 51
Y, YIRA/NRBY G . RAEEEE O (poly-
merase chain reaction,PCR)IE[7]5[4):5'-CTGAGCA
TGCGTAACTACGCTCGTGCATACGGTC-3"; 2 In] 5|
¥ .5'-TCGTACTAAACGCAGCACCGATCA-3',

124 B&ERAT R PCRYMIKZR N 25L, Hph
A 5wl PCR Mix,2u taq i, IE JZ M5 9145 05 nl,
1wl LC Green #11 | DNA BEHR , IS AMZEK .
ACE/D)FE K4 ¥ S nvy 254447 : 95 CFAE 1 2 min,
95°C APk 30 5,56 °C iRk 30 s,72°C ZEAH 45 5,94C
APk 30 5,30°CiE k30 s, 3 40 MG, 58 A 2R
73°CHEMH 5 min, BRI ENYIEE R BshF. B PCR j*
P10 p L 7ESA 2%B R EE RS T iUk TR AL £ 5
Yeta ERAMNE B SIS PCR P18 275 iy, 455
HARSYE, Bk (UL 490 bp B 11 1AL,
0L 190 bp 2 DD BI(4li5HY), ¢4 1D #lrp | 55
157 FE AT BRI, 57 53 DD RUFE R % ok vy, (A
DA & RS | Y FHis— X PCR, 1E 015147 :5'-
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MR < ML R TR R AR RE R 22 25 P S5 AR R PR 11 DG R

CTGAGCATGCGTAACTACGCTCGTGCATACGGTC-
3'; ]2 [ 54 : 5'-TCGTACTAAACGCAGCACCGATC
A-3', AR ABI 3100 IR (S5 ABI
ISEDTER . Rt — A HER I SR A 25 L BEAIL
TEH 10064 AR H B0 7 VA - A T 90 E -
1.3 SHit=ZEHE

BB TR SPSS 19.0 Giitai it , iRk
P8 + A 22 (x = $)FoR, I 22508, PR L
SNK-q F 6, THEFER AR (%) FRow , VIR x 2
B REAREL PR U FH Hardy-Weinberg ~P-i6 5 . 520 [
E MR AR EH) Logistic [BIA 04T, &L &
Ki48: P{E A9 Bonferroni #E47# 1E, P<0.05 N2 %4
GiitEE .

2 R

21 EFEBERYEER

ACE(I/D) i s BT 2B 1 455 i HK B
490 bp FY %R 11 L 3 190 F1 490 bp 2 kxenfy
9k 1D Y, R 190 bp 1 45557y DD &Y, BlEHLE
B ACE (/D)) PCR 34 7 47 B AL 7 , 45 2R
IRBIE A S BRI 45 R — 2 WL EL

M 1 2 3 4 5 6 7

490 bp

190 bp

M:maker;1:1D %¥;2.1 ;31D %4;4.DD %Y;5.1D %!;6.DD 1!;
711

MiEl ACE(I/D)AREREZEXE

2.2 3AIGKAREENIEIRIELE
s 45 R B R, &4 FPG.TC.TG.Fins.ACE.

HOMA-IR & HOMA- B /K-, & BN Ry 2245307, 25
SAG R X (F=4.983.4.724 5.013.4.694 .8.893
8.174 il 6591, P =0.037.0.038.0.029.0.038.0.013,
0.013 #1 0.020);GDM #H FPG.TC.TG.Fins.ACE.
HOMA-IR 2 HOMA- B 7KF7KF5 GNGT 41 4%,
ERAG ¥ X (1=3.452,3.901,5.117 .3.895,
7.207.7.119 F1 6.229, P =0.027.0.027.0.019.0.026 .,
0.000.0.000 #1 0.008) ;GDM #H TG .ACE .HOMA-IR .
HOMA-B 5 GIGT A ki, 2R A g1t 2 L (1=
2.993.2.978.6.112 F1 5.993, P=0.038.0.039.0.007 #
0.009), WLE& 1.

2.3 AEAHFEHE ACE(I/D)BEAFREEMER

3B A LN A A L, E R A ST E X
( x%=8.96,P=0.013),GDM 41 DD % i %y 49.26%
(67/136) J¢ D %545 K& F i %k 65.07%(177/242) ,
GNGT #H DD #4#i%k 9.439%(10/106 )} D 254y KA
WIR R 17.45%(37/212), % x 2K, 22 R A Gt
X ( x2=11.57 F1 10.82, P =0.000 F1 0.004 ) ; GDM 41
|1 B3y 19.12%(26/136) Ko | &7 KL R 2y
34.939%(95/242) ,GNGT £H | | BT ZR N 74.53%( 79/
106 ) J2 | S5 Avr JE RS % Oy 82.55%(175/212 ) ( x %=
11.043 #19.872, P=0.000 £10.009)., W3 2.

2.4 GDM A ACE(ID)AEEE B KIEFRD
bk &%

GDM 4 ACE(1/D)3 Fl AR JE HI#Y FPG \Fins,
ACE .HOMA-IR 7K~V bhst , 8 B A & 7 22908, 22
SAGFE X (F=5.243 .5.986.6.044 F15.372, P=
0.028.0.027.0.023 F1 0.029);DD X [ #I 44 FPG.
Fins ACE J2 HOMA-IR /K5 11 JER UL oA, 2
S G L (1=4.469 ,5.391 .6.231 Fil 4.632, P=
0.021.0.019.0.008.0.021);ID % [X # FPG.Fins.ACE
J HOMA-IR /K5 || FERIFRAE oA, 22 S A aei 2

R1 3HKRKERRENMIBIREE (xxs)
25 BMI/(kg/m?)  FPG/(mmol/L) TC/(mmol/L)  TG/(mmol/L)  Fins/(mU/L) ACE/(u/L) HOMA-IR HOMA- B
?E‘SlToéﬂ) 2511+1.76  445+042  476+069  139+020  10.09+073  22.84+936  2.90+023 332.69 +39.54
CIGTAL | 2584x196 576:052" 582071’ 150034  1397:129" 3423:1035" 3012029 3102623688
?EL"'%G ) 2641189 610057 593083’ 19720377 1436+130" 4369+1104" 3.89+043"7 11551 28,047
FIHAA 0.891 4,983 4.724 5.013 4.694 8.983 8.174 6.591
Pl 0.134 0.037 0.038 0.029 0.038 0.013 0.013 0.020

:1)5 GNGT 4 H#¢, P<0.05;2)5 GIGT 4H H# , P<0.05
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= X (+=3.542.4.021.4.762 #1 3.113, P=0.027.0.022.,
0.021 F10.021), W% 3.
25 GDM 4 ACE(ID)EEZEUEHIRERBK
GDM £ 3 FiA [R) 3 PR R AR R e = i o I A7
7L BT A LR B 25 A R A LA ol SR AR
JLEIRLT 2 MUE L3R, 28 x 2 Ko #r , 2 7 A it
277 X ( x%=6.887.7.032.8.112 £ 9.397, P =0.022
0.019.0.013 #10.009) ; GDM 41 ID %! .DD i 1 i3 5t .
e VLU GBTAE JURPICE A 25 A A B AR JLAR oA
SO A L AL N & AR5 1 B LA, 22 A
45 it 2% 3 X (x*=4762.5.993.5.152.6.779.6.331 .
7.491.7.636 Fil 8.779, P = 0.039.0.021.0.019.0.014,
0.015.0.013.0.0011 £10.008). W.5% 4.
2.6 GDM WM EZESH
¥ 3 A A Gt B L H RN T 25

15.34 mmol/L Hy 1,<15.34 mmol/L & 1) . TCMAH :
5.7 mmol/L 24 1,<5.7 mmol/L 2k 1). TG (Itfl : =
5.18 mmol/L >4 1,<5.18 mmol/L ¥y 0) . HOMA-IR (It
{:=3.01 mmol/L 2/ 1,<3.01 mmol/L % 1) .HOMA-
B ({H : =259.44 mmol/L >4 0,<259.44 mmol/L 1) .
FLHALCL ) Ak 0,1D #45k 1,DD HUHy 2) Je 554 Fk
PRI (1 A6 JE A% R 0, D A5 A L PRUAR A 1)
B, 4559 s, FPG[OR=1.889(95%Cl :1.615,
4.297), P =0.004] ,Fins[OR=1.693(95%Cl : 1.185,
2.627), P =0.031] .TC[OR=1.465(95%ClI :1.214,
2.034),P=0.006], ACE[OR=1.693(95%Cl : 1.269,
3.917), P =0.027) . HOMA-IR [OR=2.014 (95%ClI:
1.682,6.489), P=0.004] .DD %:[HH[OR=2.105(95%Cl;
1.839,7.267), P=0.001].D 5 R AR [OR=1.711,

(95%Cl:1.296,5.359), P=0.033)]y GDM ) 1@ [&; [Hl

=
=

Logistic [11I5 4347, LA GDM iy [H A5 i, FPG (I : = X
= 0, . =
5.7 mmol/L 3 1.<5.7 mmol/L 2% 1).Fins (T fi: > % ,TG [OR=0.469 (95%CI:0.247,0.697),P=0.117].
R2 3HBEACE(ID)EFAMRSEMERMEST  H(%)
FLPH AL ENIFEA
205
11 ID DD I D
GNGT 41 DD(n=106) 79(74.53) 17(16.04) 10(9.43) 175(82.55) 37(17.45)
GIGT 41 DD(n=118) 51(43.22) 39(33.05) 28(23.73) 141(59.75) 95(40.25)
GDM 4{ DD(n=136) 26(19.12) 43(31.62) 67(49.26) 95(34.93) 177(65.07)
X2 1H 8.964 7.144
P{H 0.013 0.018
%3 GDM 4 ACE(IID)FEEREBIEHRIEMRILE (xts)
2151 BMI/(kg/m?)  TC/(mmol/L)  TG/(mmol/L) FPG/(mmol/L) Fins/(mIU/L)  ACE/(u/L) HOMA-IR HOMA- B
M(n=26) 26.07 +1.81 5.96 + 0.69 1.82+0.24 489+053  1295+129 3356+11.74 3.43:045 11251+29.14
ID(n=43) 26.16 + 1.86 5.94+0.73 1.93+0.31 598+057" 1541+1.39" 41.98+10.65" 3.97+047" 115.36=+28.79
DD(n=67)  26.97+1.92 6.14 = 0.68 2.01+0.38 6.29+ 055" 16.24+147° 44.82+1091' 4.13+046" 114.76 +29.03
FAE 0.453 0.792 0.914 5.243 5.986 6.044 5.372 1.032
P{H 0.466 0.276 0.131 0.028 0.027 0.023 0.029 0.117
Hr 5 IR i, P<0.05
% 4 GDM A ACE(ID)ERESEMSFIRERNXZE Hl(%)

B LI B L B )L e
215 JHe LB e L EPNIN L AT T ks & m[?i
M (n=26) 1(3.85) 0(0.00) 2(7.69) 1(3.85) 2(7.69) 3(11.54) 2(7.69)
ID(n=43) 8(18.60)° 2(4.65) 3(6.98) 8(18.60)° 7(16.28)" 10(23.26)1 9(20.93)°
DD(n=67) 15(22.39)" 3(4.48) 5(7.46) 14(20.90)¢ 13(19.40)" 19(28.36)¢ 16(23.88)¢
X ME 6.357 0.826 0.971 6.887 7.032 8.112 9.397
PAE 0.023 0.231 0.137 0.022 0.019 0.013 0.009

TE 1 IR 45, P<0.05
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MIEFE A R IR AR N 225V S AT IRBE IR Y K 2

HOMA- B [OR =0.563(95%CI:0.314,0.886), P=0.139]
5 GDM JToAH M
27 HRARERMNEREZSHT

W 3 FhIEA LA Gt LN R ik £
AR Logistic [BIH43HT, LUEIRAS R 45 /i b R AR i
L FPG.Fins \HOMA-IR .DD %E[H &Ik [ A8 e, 4504
78, FPG[OR=1.409(95%Cl : 1.113,3.107 ), P =
0.029] .Fins[OR=1.428(95%Cl:1.097,2.368), P=0.037] .
ACE[OR=1.435(95%Cl:1.126,3.124), P =0.024] .
HOMA-IR[OR=1.624(95%Cl:1.239,4.116), P=0.027].
DD X %1 [0R=1.762(95%Cl :1.366,5.439), P=0.028]
RIEIRA RE5 R ek & .

3 it

ACE Z2'HE - MEEKKEXFRS (rennin an-
giotensin system, RAS )1 JCHE , BE 5 i b 1 4 58 7k
% I (Angiotensin T ,Ang [ )5 b M Bk E 1
(Angiotensin 11 ,Ang Tl ), H:rf1 4514 ACE & 111 3L K]
TRk 17923, A5 26 AT 25 SN A
T, Bl 21 kb, BERESEIG HARPESS 16 & T
287 bp 19 Alu | Bt I/D fA7E 5 &5 R I 4 A Bk
L5k, BB 447 DD AL iR A4S 1 RLA
34T ID &, ACE () DD H&[R BUAMARY) Ang T B2
DA Ang T, (5 A B3 DD 3 R HRIAN AR S o1
Ang I REF=A: g 35 B FHRON , ELIMLYE H Ang 1T 4
EFHEE,

ZHRCFE IR 2 BUREIRIA Y AR e s
IR HDIMC, BT, IR A HGE ACE(I/D)
FERZBMES 2 BIBERRIE BEIRI B R B UIAHC , DD
FERA R ACE AP a1 | BB e ik, A
WF5E 7~ ,GDM % DD H:[K % ACE /K ¥ T |
1D Y, B BIEST ACE(1/D) LN £ 25X GDM
LRI P R I IS K- B2, ASBIFSY K B, GDM R
TC.TG & fwry, i 1 RURA , 3 tHEDIE LATE BUARF5T
il . ACE fx HAERIEARMESE Ang IT A=l e 3Rk,
11 Ang TT 24 B F1EF 145 BE S5 38 B0 00 4 1045 40 I
5| B O 5 LR £ A AE , A DD 3 R g 3 1l g
AERF LR D &Y, i AE AR S GDM AR R
URRES JR) ARG, ARWFSE & 3K, GDM F 34 DD %k
PR B0 2% 25 1 1 | % Logistic 8119 43 87 & 7 , FPG .
Fins . TC . ACE .HOMA-IR .DD & K 7 & D 54y 3 A
SRR GDM (M ST R PR 3, X 53R /A7 il Bk

A—H,

ITAESRANFY F2 B, GDM X 22 7= 19 A1 6L = ) LI AS

S 5 4 A A AR A K-8 DDA G, A SRR

TG MK R A ERT LR SRRk 2, B R
JL BT A LRI B2k J LW 38 27 A E L 2530 T
&5 K4 |ADPSG A2 WitnifE 7R , GDM [ &%
TEAERIE N AR 17.8%Y, HET, X GDM i %
S HIL i AN B, Z2 B0 55 F AP R &
IR K .GDM Gy B IR ILIF A AE , B WA U R
Wi R =L Er A LR L A L AR LT 2
IREAS: , S G B3 e i A JRURG 2 1 24 ) 2 ~
3 M, X USEAWF ST BERE ACE L Z 8 M IR A
Z—. ZTSTEAESL, D A RN # 3, ACE /KF
B, T ACE K547 )L AR )L s IHAT 2 e K
HRB AR AR DG . ARWFFTUESE , DD LR B B E A R
GEURES SR = 1 TR, i —25 R Logistic [9119 4341 2
7, DD LR R R R IRES Ry A G , R D 2Rk
5 GDM AR YRS J5 A Ko

2 TR, ZE - HEN ACE(I/D) L LA M AT fig
J& GDM 1Y 1 > 5 8 s, Horb DD AYJ2 GDM Fl4E:
IR R 25 R (A S FE R PR 2, W 2 i R R A6
S AT AT GDM JRUSS: B0 , AT 2E4 T H 30 9,
Wk TE I I R DA AN R AR A, Ry o

& % X #:
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