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The impact of the number of abnormal blood glucose items, gestational weight gain and

their interaction on adverse pregnancy outcomes in pregnant women
LI Yameng',LIU Jinsong’ ,ZHANG Xiaohong' . ZHANG Ting'
(1.Postgraduate Training Base ,General Hospital of Northern Theater Command . Jinzhou Medical University .
Liaoning Jinzhou 121000,China ;2.Department of Obstetrics and Gynecology .General Hospital of
Northern Theater Command ,Liaoning Shenyang 110003 ,China)

[Abstract ] Objective To investigate the impact of the number of abnormal blood glucose items in the 24-28 week 75g oral glucose
tolerance test (OGTT), gestational weight gain (GWG), and their interaction on adverse pregnancy outcomes in patients with
gestational diabetes mellitus (GDM). Methods A total of 404 pregnant women with GDM who underwent regular prenatal
examinations and delivered at the General Hospital of Northern Theater Command from April 2020 to March 2023 were selected as
the study subjects. According to the number of abnormal blood glucose items in the OGTT. the subjects were divided into groups
with 1,2.and 3 abnormal items,labeled as group [ .group Il .and group [l .respectively.According to the recommendations of the
Institute of Medicine (IOM) in the United States, GWG was categorized into appropriate weight gain,insufficient weight gain,and
excessive weight gain groups.Differences in clinical data among the groups were compared.Logistic regression and multiplicative and
additive models were used to study whether there was an interaction between the number of abnormal blood glucose items and

GWG on adverse pregnancy outcomes. Results Multivariate logistic regression analysis showed that 2 or 3 abnormal blood glucose
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items were risk factors for hypertensive disorders of pregnancy (HDP) ,hypothyroidism during pregnancy, cesarean section, preterm
birth,and large for gestational age (LGA) infants («OR =3.417-8.444, P <C0.05) ; Three abnormal blood glucose items were risk
factors for macrosomia (aOR =6.199,P<C0.05) ; Insufficient GWG was a risk factor for hypothyroidism during pregnancy («OR =
10.537,P<C0.05) ; Excessive GWG was a risk factor for HDP, cesarean section, preterm birth, macrosomia,and LGA («OR =2.587-
6.948, P <C0.05).Subgroup analysis showed that,in group [ ,insufficient GWG was a risk factor for hypothyroidism and preterm
birth, while excessive GWG was a risk factor for HDP and cesarean section (aOR = 4.609-41.366, P < 0.05); In group I,
insufficient GWG was a risk factor for cesarean section,and excessive GWG was a risk factor for preterm birth («OR =8.878 and
12.722.P<C0.05) ;In group |l ,excessive GWG was a risk factor for cesarean section (aOR =38.666.P < 0.05) ; The multiplicative
and additive interaction models indicated no interaction between =2 abnormal blood glucose items and unreasonable GWG on
adverse pregnancy outcomes. Conclusion An increasing number of abnormal blood glucose items in the OGTT and unreasonable
GWG both increase the risk of adverse pregnancy outcomes. As the number of abnormal OGTT items increases, the impact of
unreasonable GWG on adverse pregnancy outcomes gradually decreases. There is no multiplicative or additive interaction between =
2 abnormal blood glucose items and unreasonable GWG on the occurrence of adverse pregnancy outcomes.

[Key words] gestational diabetes mellitus;75g oral glucose tolerance test;gestational weight gain; pregnancy outcomes;interaction
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Table 1 Comparison of general data of pregnant women with different numbers of

abnormal blood glucose items [x =5, M(Q:~Q5).n( %) ]

EEL D I 4 (n=253) M4 (n=97) M4 (n=>54) F/H/x* P
() 30.96+3.74 31.18+4.40 31.33+3.76 0.250 0.779
ZEHiT BMICkg/m?) 23.29+4.05 23.53+4.07 25.2744.1509 5.305 0.005
GWG(kg) 12.9843.99 13.0645.53 16.58+5.8209 13.757 <<0.001
5 Bl Cem) 101.7647.27 102.7247.67 105.33+6.820@ 5.382 0.005
B H (em) 34.09+2.17 34.22+2.05 34.28+1.60 0.242 0.785
2/ 4¢/ 9] 2.287 0.333
1 154(60.87) 59(60.82) 27(50.00)
=2 99(39.13) 38(39.18) 27(50.00)
FEIR (D 1.506 0.465
1 209(82.61) 83(85.57) 48(88.89)
=2 44(17.39) 14(14.43) 6(11.11)
Z 1] BMI 43 4% 11.721 0.019
fuR= 24(9.49) 10(10.31) 2(3.70)
EH 168(66.40) 59(60.82) 27(50.00)
8 B e 61(24.11) 28(28.87) 25(46.30)@
2P B 5 G 17.956 0.001
iy 41(16.21) 20(20.62) 6(11.11)
& H 139(54.94) 46(47.42) 17(31.48)®
% 73(28.85) 31(31.96) 31(57.41)H 0@
OGTT ML#¥ (mmol/L)
= 5.05+0.46 4.97+0.57 5.6740.4709 40.782 <<0.001
1h 8.70+1.11 10.4241.239 11.7641.3209 189.050 <<0.001
2h 7.51+1.27 8.83+1.259 10.0141.4309 100.752 <0.001
G316 % JE (w) 38.60(38.00~39.50) 38.60(38.10~39.50) 38.70(36.48~39.43) 3.281 0.194
B L AR () 3 143.60+494.87 3 195.36+609.83 3 668.70+827.830% 18.579 <<0.001
A L AR B 20 1l B (mmol /L) 3.9241.01 3.8940.99 3.90+1.07 0.040 0.961

HE:ORRE THMBREFARITFEGORRS THREERAREIT¥EL.
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Table 2 Comparison of general data of pregnant women with

different weight gain during pregnancy [ x s, M(Q, ~Q;),n(%)]

LD Tl B 4H (n=202) HWEARLH (=67 WS 24 (n=135) F/H/X* P
() 31.00(29.00~33.00) 31.00(29.00~34.00) 30.00(27.00~34.00) 5.833 0.054
217 BMI(kg/m?) 22.45(20.70~24.65) 21.22(19.13~23.67) 25.06(22.27~28.52)0® 49.026 <0.001
GWG(kg) 13.00(12.00~15.00) 7.00(5.00~11.00)® 17.00(14.00~20.00) D@ 201.002 <20.001
&l (em) 101.65+6.66 98.04+6.59P 105.89+7.3409 31.942 <<0.001
B i (em) 34.2942.12 34.6441.85 34.1942.08 2.509 0.083
ZER (PO 2.581 0.281
1 127(62.87) 35(52.24) 78(57.78)
=2 75(37.13) 32(47.76) 57(42.22)
TER (PO 2.128 0.334
1 175(86.63) 56(83.58) 109(80.74)
=2 27(13.37) 11(16.42) 26(19.26)
Z2 i BMI 43 4% 65.181 <0.001
POR =] 25(12.38) 11(16.42) 0@
EH# 138(68.32) 50(74.62) 66(48.89)D®
8 s 39(19.30) 6(8.96) 69(51.11)P®
OGTT Ifi. ¥ (mmol/L)
23] 5.06+0.53 4.96+0.57 5.2840.480® 10.603 <0.001
1h 9.39+1.54 9.78+1.95 9.60+1.58 1.671 0.189
2h 8.11+1.47 8.43+1.59 8.09+1.71 1.184 0.307
G322 JH (w) 38.6241.40 38.4241.56 38.3941.67 1.081 0.340
A L AE R E () 3117.33+468.48 2 983.13+507.14 3509.78+711.4809 26.764 <£0.001
Az L AR B Z0 1l #% (mmol /L) 3.9941.05 3.9040.91 3.7940.98 1.561 0.211
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WRR R AERE T 1A, 2R WASITERE X
(X? {HATF 30.443~72.305 Z[8], P<C0.05), W3 3.,

Logistic [a] I AR A 5 B A7 O A2 5, K 2 TEg 3
T I A S W 242 & A2 HDP . G Uk 39 F s, 351 8 7 L B
FERILGA 86K K (aOR {HA T 3.417 ~8.444
Z ], P<C0.05) ;3 WML 58 & S B E KILEEM
&1 & (aOR =6.199,P<C0.05) , W5 4,
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Table 3 Comparison of the incidence of adverse pregnancy outcomes with
different number of abnormal blood glucose items [n( %) ]
LD 1 44 (n=253) I (n=97) £ (n=54) X2 P
HDP 10(3.95) 12(12.37)@ 16(29.63) 0@ 35.749 <0.001
U e 489 1 ik 4(1.58) 10¢10.31) @ 12(22.22)@ 30.443 <<0.001
Jif R BB 53(20.95) 26(26.80) 14(25.93) 1.654 0.445
HE e 36(14.23) 36(37.1DH@ 34(62.96) 02 62.412 <<0.001
7 IR I 10(3.95) 4(4.12) 4(7.41) 1.281 0.558
L= 12(4.74) 20(20.62)® 18(33.33)® 41.540 <<0.001
MILE 22(8.70) 9(9.28) 1(1.85) 3.317 0.186
FKJL 13(5.14) 10(10.3D) 25(46.30) 0@ 72.305 <0.001
LGA 31(12.25) 32(32.99@ 30(55.56) 0@ 54.249 <<0.001
SGA 30(11.86) 12(12.37) 3(5.56) 1.982 0.391
HORRS TAWKRERAHEI¥EGORRS TABERAREIFE L,
K4 AEANERETHIERARER Logistic BIIF L%
Table 4 Logistic regression comparison of adverse pregnancy outcomes with
different numbers of abnormal blood glucose items

14 Il 1 I 28
LD

aOR aOR (95%CI) P aOR (95%CI) P
HDP 1.000 3.916(1.331~11.522) 0.013 8.444(1.726~41.314) 0.008
B R 301 O 1.000 4.764(1.229~18.461) 0.024 8.085(1.295~50.490) 0.025
iR BB R 1.000 1.009(0.514~1.981) 0.980 0.899(0.278~2.905) 0.859
e 1.000 4.463(2.062~9.662) <0.001 6.332(1.701~23.568) 0.006
72 J5 1.000 0.951(0.222~4.083) 0.947 2.479(0.296~20.790) 0.403
L= 1.000 3.550(1.344~9.376) 0.011 7.218(1.587~32.831) 0.011
JILE | 1.000 1.649(0.573~4.747) 0.354 0.594(0.048~7.278) 0.684
EPNIR 1.000 1.788(0.534~5.981) 0.346 6.199(1.245~30.869) 0.026
LGA 1.000 3.417(1.599~7.298) 0.002 4.339(1.281~14.700) 0.018
SGA 1.000 1.227(0.461~3.267) 0.683 0.904(0.134~6.122) 0.918

x5 ZRPAAEEAZARRAREREZEERLE [(n(Y0)]
Table 5 Comparison of the incidence of adverse pregnancy outcomes in pregnant women with
different weight gain groups during pregnancy [n( %) ]

ECE0) B E IS H (n=202) WEAL (=67 WELZ (n=135) X2 P
HDP 7(3.47) 4(5.97) 27(20.00) D@ 27.075 <0.001
B i 400 D 7(3.47) 9(13.42)@ 10€7.41) 8.207 0.014
Jif B BB 56(27.72) 13(19.40) 24(17.78) 5.109 0.078
HE 26(12.87) 14(20.89) 66(48.89)0@ 55.425 <0.001
7 e i 8(3.96) 4(5.97) 6(4.44) 0.477 0.807
Ry 13(6.44) 12¢17.9DH @ 25(18.52)@ 13.162 0.001
MILEE 15(7.43) 8(11.94) 9(6.67) 1.843 0.393
E XL 7(3.47) 3(4.48) 38(28.15)0@ 51.294 <£0.001
LGA 27(13.37) 9(13.43) 57(42.22)00 12.189 <£0.001
SGA 24(11.88) 12(17.91D) 9(6.67)? 5.944 0.047

FORFESHMEEHARBZRARITEEGORRSHEEARMILKERARITFEL.
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®6 ZEFARBEAFIRARLER Logistic BIFLLE

Table 6 Logistic regression comparison of adverse pregnancy outcomes with
different weight gain groups during pregnancy
S H WEAR WEdZ
LA
aOR aOR (95%CI) P aOR (95%CI) P

HDP 1.000 2.214(0.528~9.281) 0.277 3.905(1.272~11.993) 0.017
AT % 401 Y ik 1.000 10.537(2.695~41.200) 0.001 0.605(0.141~2.605) 0.500
iR BB L 1.000 0.494(0.206~1.182) 0.113 0.675(0.312~1.458) 0.317
e 1.000 2.650€0.991~7.086) 0.052 3.530(1.534~8.123) 0.003
77 JE 1.000 1.649(0.329~8.252) 0.543 0.860(0.190~3.901) 0.845
Ky 1.000 2.563(0.770~8.533) 0.125 5.850(1.922~17.81) 0.002
L 0 1.000 1.193(0.329~4.321) 0.788 1.348(0.412~4.407) 0.622
EP IR 1.000 2.026(0.317~12.970) 0.456 6.948(2.008~24.038) 0.002
LGA 1.000 1.700(0.599~4.819) 0.319 2.587(1.169~5.725) 0.019
SGA 1.000 0.391€0.111~1.377) 0.144 1.758(0.543~5.693) 0.347

25 TH NA NENZRAREESEIRA

REBWXR

LV I0CIZE P R 4l 2 0 2 30 8% o155 0 0 Ay 22
RGN RS 23 9 4L IR AT A o A

1 2T Z )4 AN e 2 5 | A 4R IR 300 P Ok L 2 7= Y
16 1% B 2 («OR {H4- 510 41.366.11.888, P <C0.05) ,

(aOR {84351/ 16.378.,4.609, P<C0.05); Il 412210
rh 2 R R R AR R T I A R R (aOR =
8.878, P <C0.05) , 2 3 i ot 2 & & AR B 1 AL I
£ («OR =12.722, P <C0.05) ; [l 41 2 1 v 2% 1) 3%

Zp 3 L 22 &k HDP.L HE R R fE R R

E\il 2B E KA R E W ERKH E («OR =
38.666,P<C0.05), W3 7.

x7 A TH.NENZPAREENFIRARLE B Logistic BT L5
Table 7 Logistic regression comparison of different GWG on adverse pregnancy outcomes in groups | , I and [l
1 4 aOR (95%CI) 14 aOR(95%CI) 4 «OR (95 %CI)
LD
HEAL WELZ R WL WER R WETL
HDP 5.921 16.378 0.362 0.885 13.725 2.764
(0.198~177.266)  (1.214~220.982) * (0.022~5.994) (0.099~7.937) (0.509~370.406)  (0.172~44.542)
AT Ui 5 R O 41.366 0.572 9.285 0.792 8.834 0.255
(1.146~1493.114) % (0.009~37.174) (0.948~90.897) (0.077~8.192) (0.627~124.460) (0.019~3.408)
=0 0.849 4.609 8.878 3.802 4.681 38.666
(0.137~5.263) (1.218~17.441) * (1.319~59.763) * (0.569~25.424) (0.271~80.814)  (2.457~608.582) *
R 11.888 5.771 1.330 12.722 1.323 3.265
(1.192~118.538) *  (0.667~49.914) (0.105~16.825)  (1.564~103.469) * (0.061~28.556) (0.246~43.277)
E XL — 2.008 — — 0.381 5.884
(0.193~20.928) (0.017~8.643) (0.671~51.636)
LGA 4.148 2.933 1.642 2.847 0.486 2.903

(0.708~24.292)

(0.787~10.921)

(0.272~9.901)

(0.564~14.358)

(0.041~5.750)

(0.460~18.329)

e Ron S EIE B R A G G — R R JO A S .

2.6 OGTT MESREABD BN Z B ETIT

RARZERKZEER

ZEAV IR SR RO =2 T 2R 0 G 2 B

RN R BB 5 G YR AN R4 SR A7 A8 AH 3R AR N 52

HARERT o P (A I A7 A JF BOA 380 s AR A R
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Table 8 The interaction between the number of abnormal blood glucose items =2 items and
excessive weight gain on maternal adverse pregnancy outcomes
= 1 Rk EE=s

T I MENZ aOR (]—;l;; CcI) awaféf;j(ﬁ;) u()Ru(J9h5 ;D:CI)

— — 1.000 1.000 1.000

— + 16.135(1.783~146.015) 1.090(0.057~20.831) 4.518(1.595~12.792)

+ — 13.477(1.413~128.545) 4.238(0.396~45.290) 3.819(1.265~11.534)

+ + 34.398(3.258~363.179) 1.891(0.124~28.726) 47.465(10.560~213.354)

A 3fe 32 HAE 0.158(0.014~1.743) 0.410€0.018~9.571) 2.752(0.657~11.522)

AE N 28 HAE

(RERD 5.786(—33.584~45.155) —2.437(—11.034~6.160) 40.129(—26.697~106.954)

(APD 0.168(—0.761~1.097) —1.289(—5.309~2.731) 0.845(0.666~1.025)

(SD 1.210(0.382~3.826) 0.268(0.007~9.908) 7.333(2.211~24.323)

T HEBR I A 2

R MESETH > IANBELISHZTEERAMFRAIRERBZ M

Table 9 The interaction between the number of abnormal blood glucose items =2 items and

excessive weight gain on offspring adverse outcomes

LS LGA SGA

I.ma HE %
aOR (95 %CI) aOR (95%CD) aOR (95%CI)

— — 1.000 1.000 1.000
— + 12.718(1.939~83.428) 4.055(1.432~11.483) 1.318(0.330~5.269)
+ — 6.303(1.236~32.146) 3.572(1.212~10.524) 0.748(0.200~2.803)
+ + 146.790(17.942~1200.947) 12.910(3.402~48.992) 0.818(0.101~6.649)
AR 38 BAE 1.831(0.249~13.444) 0.891(0.243~3.271) 0.929(0.135~6.396)
AH N 22 BAE
(RERD 128.769(—157.926~415.463) 6.283(—7.113~19.680) —0.248(—2.191~1.694)
(APD 0.877(0.704~1.051) 0.487(—0.009~0.983) —0.303(—2.909~2.302)
(SD 8.565(2.046~35.859) 2.117€0.731~6.129) —2.754(—6.041~0.540)

T HEBR I A R 2

R0 MESFETH =2 MEEFTENXEERANERERARERHZNE

Table 10  The interaction between the number of abnormal blood glucose items =2 items and
insufficient weight gain on maternal adverse pregnancy outcomes

= , [
I.ma AR aOR 2?; cD a?Rwiiq;:(OjiI) aORn(J9:’5 ;Cl)
- — 1.000 1.000 1.000
- + 6.554(0.261~164.416) 38.668(2.200~679.640) 1.060(0.180~6.225)
+ - 15.768(1.466~169.621) 7.272(0.691~76.526) 2.570(0.813~8.127)
+ + 31.249(1.421~687.433) 170.716(7.351~3 964.655) 9.905(1.661~59.065)
A ez HAE 0.302(0.012~7.715) 0.607(0.034~10.681) 3.636(0.594~22.270)
AN 22 AR
(RERD 9.928(—56.043~75.899) 125.776(—324.376~575.929) 7.275(—8.158~22.707)
(APD 0.318(—1.038~1.673) 0.737(0.201~1.272) 0.734(0.361~1.108)
(SD 1.489(0.191~11.602) 3.863(0.496~30.097) 5.463(0.822~36.315)

T HFBR G E o 2 41200
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Table 11 The interaction between the number of abnormal blood glucose items =2 items and

insufficient weight gain on offspring adverse outcomes

- . .
I, HEAR aOR f;é%cn a()R?E)(;;CI) aOR ?EE;?ACI)

— — 1.000 1.000 1.000

— + 20.025(2.929~136.920) 3.418(0.597~19.556) 0.236(0.045~1.233)
+ — 3.800(0.731~19.748) 6.117(1.964~19.051) 0.773(0.207~2.884)
+ + 15.059(1.627~139.389) 12.478(1.916~81.274) 0.617(0.099~3.859)
AT 38 BAE 0.198(0.025~1.578) 0.597(0.095~3.746) 3.375(0.537~21.205)
AN 22 BAE

(RERD —7.766(—39.659~24,127) 3.944(—14.217~22.105) 0.607(—0.534~1.748)
(APD —0.516(—3.122~2.090) 0.316(—0.642~1.274) 0.984(—0.848~2.816)

(SD 0.644(0.103~4.027)

1.523(0.332~6.997) 0.387(0.029~5.132)

AR E T 2 2.

3 it

3.1 OGTT REARIE X IEFIRA R & /0

W& OGTT S WA £, BE LA R AT URES
I & A KR AR B T, AR 5T Logistic 45 4
/R OGTT w58 WAL =2 Wit , HDP . 4T ik 31
BB BT 7 SR L LGA Y & A KUK BN, HL 3 0 I
B SR BE A I B LR RS 2 1 T R R H
(4 6.199 f%5. B8 T OGTT S WA 5 2 0 R B 4T
YREE Ry 1] i) e e . Feng %I A BEH OGTT 4%
SRR TR B 2 e e ) R, D T g
J& GDM 2P 40 F5 82 5 1 B 28 5% 5 80R AE B F 1
Az LA PR B A0 L st A S AR S A A 1 i
) SR G P RE A R R, A
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403 00 RS, S e ) 7 R R 2 — R e R
5 22 I T A ARG L 76 2 T 0% 0 5 B L 1
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ZARGE AR AR R R HUR IR T RED L Ak, A i
B & 2R KB AT LA 7 AR A TN L i 22 AR
HOMR B 7K 7 & A A2 Ak, 51 B B b e HAR IR R
W

3.2 BHIAREEMIITIRARERNZM

Z B E AU GDM 2 2 15 GDM %
A AEAE A S A UR I B O 1 TOM 72 & R
RAEORSS iy & DY, BRrZ2 Wi & A et £
5 GDM Z [a] i V1 5¢ 2 i AS B0 A S i
Logistic [H1J5 43 M7 & B, AH X 22 191 14 & 3 B 1Y) 42
10, 220 g 2 24 GDM 2210 % A& HDP il g
FEURE VB K JLULGA W KUK . 5 2 R A F 5T 45
R —H", Scifres Y BEGE N GDM 22 14
Z A N 3 22 3T R HDP /) XU ; 45 8] 3% &
0.45kg 23 FHEFI T W E AR ERIL.LGA Y
KRB 36 % ~83% ", Xl g T4 WA K
it 2 CAHAURNE AU B L BOR T R A R Rk R
[P i) 28 456 () SF- £ HDP % A= S 388 >, 4k i i 4
I8 R 28 5| R AR 3 1 AN R R Dy e AR 5 e Ab
Z 0 i T AR AT R T A 2 Tl 0N 38T 4 Wi 9O
A B RV o AL HE B 7 3R T T [ B R
9 15 118 T T 4 T ¢ 0 e i s DA 5 | A B R L
SR R A R E AR R S R A %
YIAR G T AR SCHS e 1 300 0008 S 0BT L 2
WEAEZRR”RENGR KRR, Hoaiehs—%
AL RE I PR TR R 52 (4 WF 58 N 2 2 1 44 5 3 0 b
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HEA TR, 5 i — 2D BT R Ik . AN SO & G AR
JE I T4 R S0 UKL L 4 A R T RE S AR i
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Z AL AR, BIRENG I EAER . XM
AR 2 XA R A R R AN B 445 JR) 1) 52 ] 2 AH Bk ST
(. 24 000 0% 5 8 05 =2 SRR, AR 0 1 7 E AL, B
R U - i i 5 2 R 27 3 AR G i
o o 20 B0 348 I S AR DA R AR AR IR YT ROR L
HETETTISS T T AR v 5[] I 6 T I8 W 0 A oA
PR, H AT T I A B3R 8] 22 AR 09 AH G SCHERAH
X5 o PR MG R B R A F S8 R IR T il 3xX PR A
FX AR URAS K45 5 1 52 i R

ZE L H OGTT 5 i WA £ 2 A & 31
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