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Abstract

Objective: The regulatory effects of ppBMI and GWG on pregnancy outcomes have always been the
core proposition of perinatal medicine research. This study will explore the effects of ppBMI and GWG
on maternal-neonatal outcomes in pregnant women with twin gestations, and explore the correlation
between ppBMI and GWG on maternal-neonatal outcomes. Methods: A retrospective study was con-
ducted to select twin pregnant women who were registered in the Perinatal Health Care Department
of Henan Provincial People’s Hospital from January 2020 to December 2024 and gave birth in our
hospital during the first trimester. Participants were grouped according to the calculated ppBMI. The
average weekly GWG was calculated according to the formula using the IOM recommended weekly
GWG, and each group of ppBMI categories was stratified according to its cut-off point. The relationship
between ppBMI category of each group and the average weekly GWG interval and maternal-neonatal
outcomes was analyzed, and the combined effects of ppBMI and GWG on maternal-neonatal outcomes
were analyzed. Results: In pregnancy complications, GWG with high ppBMI was associated with a
higher risk of GDM and PROM, while GWG with high ppBMI was associated with a higher risk of HDP
and cesarean section. In neonatal outcomes, GWG deficiency with low ppBMI was associated with a
higher risk of SGA, GWG deficiency with high ppBMI was associated with a higher risk of PTB, low AP-
GAR score, and excessive GWG with high ppBMI was associated with a higher risk of NICU occupancy.
Conclusion: Twin-born women with GWG deficiency are more associated with adverse maternal and
infant outcomes, especially those with low ppBMI.
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1. 7

it 2 5 ERIUBIEIREM 1.8% ETHE 3.3% [1]. RURZ R IEIR I F AORE Fog 2 ) LR 3 i XU
BRaH R IN2], TR IS BRI AEEAT PR, e — IR BRI A SE AR, Al
BB CL B AN A2 5 B IR A 5 R % L= W 9 RRE A BE T (1) 3 A G R [3]-[5], EFR A gt 2 Bon
[6], fEELMJLTFE, 2RISR, HATZ 40%0) L VO & E AR, HARATH
SRR RN, R Lot AR o B AR B 1R (assisted reproductive technology, ART) M LU 2 25 i T 1IE &
PR ANBE[7], X —ABE TP 2 e B S 1R L UG IR IR R A2 2R

ZAT AR H 45 £ (pre-pregnancy body mass index, ppBMI)-Lj 22 13 = (gestational weight gain, GWG){E R
FEL = A% IR R R, N BB RE 45 5 B A YO PERE I . W FUIESE, R4 H A I SR v] 2 2 AL
BEELZER[8]-[10]. T RUIRIEGRHE 77 77 K BIIE IAIA R 5 SRR 35, A RXUIE R GWG B FtfE I
PRAN 3L DA T T BA IR KR S, (HBEXUG S e e AR BRI SO AR R B % R, ppBMI & GWG
(AR A %of G BBl 7= B 25 Ry s 1 o] BEAN ] o ASAIE F0KE X XU 2210 1) ppBMI AT GWG % BEZR LS /I 2 i gk AT
R, FEER S E L A0 ST B (1I0M) [1LHEFER T 2555 8 GWG & Hh [E BUIR S R 15 2o vh i) i P A

][l
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2. ‘P EH*E
2.1. HIRMR

AW 2020 4 1 A 1 HE 2024 4 12 A 31 HF I BA N B B @ R4 03 B 29 1 1 0UlG Z i i3k
177 BB 7T, e rh R A AR R Be RS IR AE B 0 W XU 224035 1018 1, HERR 7 22 JE 7E 28 & 42 F
ZAMORUIRZ AL 30 B, ZERTAS G B W ANERER A0 83 B, AR EACEXUIR AT 5, BRGERUE XL
JGZE 10 5, SUIRIEGR & FE XU M &2 G4 7 61, 2RIk ia ARG 9 B, ) LAtk sl % 34
B, PR TR K 3 50 51, i KGN NAHIE FC XA 22 45 3 800 1] . ASHIF 7t L&l ik s B A B 2% i 2> Wi it
22. G ESRAE

K H SPSS 27.0 Al R 4.3.1 A B EAT G v 43 M < o8 B ORI IE A PE A 55 R F Kolmogorov-Smirnov
Ko, JFiEid Levene KiIGHfiE )7 251 . A IESOANIE BERBR S + brlEELR, R
K 7 2 70 B (ANOVA) LB 2H 18] 22 57 o AR5 & IE 2820 A5 1 58 B %0Rl AP AL 3 (DU 2 fr ) %o, I8
Kruskal-Wallis & 36 32847 2H [A] L3¢ o 11305 180 (5 4 th)Row, AL ELBCR R G5 . P <0.05 B4R
NEABENGITHER.

3. fIRGER
3.1. RMRIEHFZR DT
WAL E T 1018 L XUIRALIE, 7EHERR 5 3 800 44 7 &4 N bRk, 753X 800 5|+, 1IE% ppBMI

M LA 477 $1(59.6%), 1% ppBMI 41145 38 151(4.8%), = ppBMI 41145 285 41(35.6%), &AL )
3 GWG X IE B/ A an & 1o GBI TR R — G R TRV IE Q56 1 B o

M2020F1 BF 2024F 128 FTABEAEA

EEﬁi&ﬁr“%%ﬁiﬁﬁﬁﬁﬂﬂiﬂ HERS BRI -
0103 LOGBREIE28-42RZ MY, n=30
2.BARGEARNINIER (IBESllE. 280
P TERR. BRNESREMERS) , =73
h 3BAGREAY  BGETEAHITANE, n=62
i 4.88) REASRENTE, n=34
TasHRza 5. ZRARBATN ARG, n=9
n=800 6 FHIBMIBUETR. INFREUEASTE, n=50
A
ppBMIZ>EE
v v v
{ppBMI IE&ppBMI EppBMI
n=38 n=477 n=285
* A * * A * * A *
GWGAE GWGEH GWGIE% GWGAE GWGIEE GWGIY% GWGAZE GWGEE GWGIS%
n=9 n=17 n=12 n=77 n=288 n=112 n=103 n=110 n=72

Figure 1. Study population inclusion and exclusion process
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TN G — MG R B R, nde 1, P=an~FEish 32.1 %, P850 w428 36 i, ART 4
A2 245 52.12%, BRAEAAS K477 52105 31.50%, 71.38%MIZ2U2 01710, A 0.38% M N A WA, #F
FEE R TENG ) LR T A 2 57, RIS R AR ppBMI (5 4.75%, = ppBMI [ 35.62%, 1E% ppBMI
17 59.62%, GWG A2 1224 Y 23.62%, GWG id £ 1115 24.50%, GWG & H 1) /5 51.88%-

S HT%% ppBMI 7 L 5 AN F GWG 4 2[R R, a3k 2, S5 R, ppBMI I AifE-F-3% H GWG
=X B B E R (¢ = 47.9545, P < 0.001), Z5HREIR, & ppBMI 12210 GWG A2 & 54.50%,
ik ppBMI 15240 GWG A2 i 4.76%, 1E% ppBMI {14215 GWG A A2 i 40.74%; =1 ppBMI 1421 GWG
%2k 36.73%, X ppBMI 14210 GWG I £ 5 6.12%, 1E% ppBMI 14410 GWG i€ £ [ 57.14%.

Table 1. Includes general information on the subjects

%1 MATRH—RAR

Bl XA (N = 800) B XU (N = 800)
WG 32.15+4.45 Gy A 35.93+1.90
%477 B
i Bh AR T 417 (52.12) BIF 268 (33.50)
HARZ 383 (47.88) 2% 296 (37.00)
NRZ= Ll 236 (29.50)
N 548 (68.50) ppBMI
<) 252 (31.50) & ppBMI 38 (4.75)
IR 1E% ppBMI 477 (59.62)
W= 571 (71.38) 7 ppBMI 285 (35.62)
&7 229 (28.62) 5 GWG
W JOR sk GWG 1~ 2 189 (23.62)
e 797 (99.62) GWG i&EH 415 (51.88)
H 3(0.38) GWG it % 196 (24.50)

e Bl DA (7 23 L) B 5 (Y M BGE D& os . BMIE: SR E RS GWG: Z IR E I

Table 2. Relationship between average weekly GWG and ppBMI
2. FE#HEE GWG 5 ppBMI HIXZE

TR GWG

A B P P {H
GWG & GWG iEH GWG it %
ppBMI 47.954 <0.001
& ppBMI 9 (4.76) 17 (4.10) 12 (6.12)
1E% ppBMI 77 (40.74) 288 (69.40) 112 (57.14)
/&1 ppBMI 103 (54.50) 110 (26.51) 72 (36.73)

VE: Bl e (8 2 ) s 2 e (M 7 R BGE ) o . BMI: SHATTETEE: GWG: Zi RS

3.2. ppBMI XER4E F R R NE
ST A ppBMI 2 H S5 U URIAFF RIERI L &R, 14k 3, iR E/R, GDM. HDP. il 7t ppBMI
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B 2 R B G U(P < 0.05), GDM (36.1%). HDP (26.0%) A1 i 11(35.4%) ) & I R AE =
ppBMI £ ZTHE, S1EH ppBMI AHEL, PROM ZEMK ppBMI 1) &35 K T 51 (23.68%) .

Table 3. Compares the relationship between ppBMI and complications during pregnancy

= 3. HEE ppBMI SIESRIIF R RERY X &

LRI R {&T@T ffﬂﬁw ﬁ@gg Gt P i
GDM 7 (18.42) 110 (23.06) 103 (36.14) 16.958 <0.001
HDP 7 (18.4) 111 (23.3) 85 (29.8) 8.620 0.021

FRRHT A 1(2.63) 32 (6.71) 101 (35.44) 111.307 <0.001
B 26 (68.42) 346 (72.54) 223 (78.25) 3.793 0.150
PROM 9 (23.68) 97 (20.34) 62 (21.75) 0.390 0.823

Ve HUE DI (E 4 En) s A B (Y B B R s . GDM: IR ITRE PR ;. HDP: IEERIIE L% ; PROM: JajE
Bk,

I3 ppBMI ZE 3T A2 LS B 7 H BT T 45 3, e 4, RIUHAE LSS RAESA ppBMI 4y 4 ja) 2 53 15 A
HYit#m L (P<0.05), Hr, PTB(42.11%). LBW (59.21%). NICU Af£#(52.63%). #i4d LR 25
P9 (6.58%) SGA (39.41%) 1) K AEAK ppBMI 41 =1, LGA (3.86%). 5 7r%f APGAR 19 < 7
(10.00%) & A= A1 & ppBMI 21 2 2 T

Table 4. Compares ppBMI grouping with neonatal outcomes
= 4. B ppBMI MASHFE LB X R

$k L T Gt P (i
PTB 16 (42.11) 99 (20.75) 69 (24.21) 9.426 0.009

5 /34t APGAR 114 <7 6 (7.89) 50 (5.24) 57 (10.00) 12.395 0.002
LBW 45 (59.21) 284 (29.77) 222 (38.95) 35.000 <0.001
NICU A fE% 40 (52.63) 433 (45.39) 147 (25.79) 64.221 <0.001
B LR R S 5 (6.58) 1(0.10) 32 (5.61) 52.790 <0.001
LGA 2 (2.63) 15 (1.57) 22 (3.86) 7.863 0.019
SGA 30 (39.47) 34 (3.56) 10 (1.75) 222.321 <0.001

T B e (B 43 L) s A (VU A BGE )RR PTB: B 7% LBW: iR AR E JL; LGA: KT Ha# )L; SGA:
NI L

3.3. GWG 5B B /ENXH

SRR GWG X [A] N S IEgRIA I RIEM SR, W4 5, KW GDM. HDP. FIRATH. #I
B2 & PROM fE = A X AN Z 7B BB G 24E (P < 0.05), 4R iEER, GDM (42.86%). ¥ i
(61.90%). PROM (49.74%) 1) K A FAE GWG A B 8% THH, HDP (55.61%). #F 7=(87.76%) i & 4%
£ GWG F 2 A B EH 5.

A LSR5, Wik 6, PTB. 5 404 APGAR ¥4 <7. LBW. NICU A%, LGA 7£% GWG
X [a] N 22 e 38 B Gt 7 5 (P < 0.05), 45 Rk ioR, 5 408 APGAR P14 <7 (33.33%). LBW (92.59%)
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NICU AN fE#:(47.09%). SGA (4.76%)7E GWG A e Ak EREEAm, 5 GWG &AM, £ GWG
T2 4 PTB (33.33%). #rAz JLIFI R G955 (33.33%) LGA (3.57%) 1 K AE &K .

Table 5. Compares mean weekly GWG with complications during pregnancy
5. ELEEHEE GWG SRRAHLENXR

TEURIA I R AE GWG A2 GWG & H. GWG it % Guita Pa
GDM 81 (42.86) 90 (21.69) 49 (25.00) 30.006 <0.001
HDP 31 (16.40) 63 (15.18) 109 (55.61) 125.208 <0.001

FIRHT A 117 (61.90) 15 (3.61) 2 (1.02) 362.484 <0.001
B = 100 (52.91) 323(77.83) 172 (87.76) 66.704 <0.001
PROM 94 (49.74) 48 (11.57) 26 (13.27) 123.400 <0.001

s BUE DI (E 0 H) s AL B (MY A S R oR . GDM: WEYRIIFE PR : HDP: WEURIIEME; PROM: JIGE
B GWG: ZfREREIN; Ql: <419.4 w//H; Q2~Q3: 419.4~692.3 wi/fH; Q4: >692.3 7/ .

Table 6. Compares mean weekly GWG groupings with neonatal outcomes

= 6. LLBRTHEE GWG SHESHE/ILERRIXR

B L& R GWG A& GWG & H GWG it % it E PA
PTB 24 (12.70) 131 (31.57) 29 (14.80) 35.969 <0.001
5 34 APGAR 114 <7 63 (33.33) 32(7.71) 14 (7.14) 81.711 <0.001
LBW 175 (92.59) 71 (17.11) 46 (23.47) 338.259 <0.001
NICU A fEH 89 (47.09) 105 (25.30) 94 (47.96) 42.873 <0.001
B LR R S 3 (1.59) 15 (3.61) 5 (2.55) 2.009 0.366
LGA 12 (6.35) 6 (1.45) 7 (3.57) 10.484 0.011

SGA 9 (4.76) 16 (3.86) 7 (3.57) 0.402 0.818

VE: B3 DLBUE (A 20t s R AL B (DU A 0B B o - PTB: 577, LBW: IR AR E JL; LGA: KT A# JL; SGA:
INFHEEY )L GWG: ZWMAER N, Ql: <419.4 7o//; Q2~Q3: 419.4~692.3 Ta//H; Q4: >692.3 Ti/H.

3.4. ppBMI #1 GWG S58IR-AH L ERILRE 54

XIASE] ppBMI FISFEEEE GWG 73 )z= HDP ) N AR BIEAT 704, Wil 2A, 25K, 5
GWG ANE4AHLL, 765 ppBMI 411 GWG it £ i), HDP AR EEZL, XEW GWG it £ feiin
HDP FA:, JLHZTE S ppBMI 4.

XANE ppBMI FISF24E ] GWG 432 % £ GDM I N B hIARR AT 2047, fnls] 2B, 45 R %W,
5 GWG i Z AL, 7 ppBMI 4111 GWG A 2y, GDM Ik NBREE L, XEKH GWG A2 1]
RESG N GDM IR, JEH 2 TE S ppBMI 4H.

XIASE] ppBMI FI-F- 2143 i GWG 77 )2 KA1 E 7= (I N Bz iR B A7 0, anf&] 2C, 25 RR B,
5 GWG A2k, 7EIEH ppBMI [ GWG & E I, HErmMAREETL, XERHPE GWG L i
ARSI = KU

XEANE ppBMI AP 2443 H GWG 43 /2 & 2E PROM (¥ N AT AR BEIHEAT 317, il 2D, 25538380,
fE= ppBMI 4, GWG A 2lf K4 PROM I ANEAHEXT 2, XK GWG A & AT ReHE I PROM X,
[, JUHSEAE = ppBMI 4.
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#: A: HDP; B: GDM; C: #I'E7%; D: PROM. &R (BMI<18.5kg/m?); A IF# (BMI 18.5~23.9 kg/m?); &
EIALAE(BMI> 24 kg/m?); Q1: <419.4 70//H; Q2~Q3: 419.4~692.3 7u//&; Q4: >692.3 7//H. “P<0.05, “P<0.01,
P <0.001.

Figure 2. Bar chart analysis of ppBMI and GWG with pregnancy complications
[& 2. ppBMI $1 GWG 53 iREAH % FERVAEIRE 547

3.5. ppBMI 1 GWG S5 ILERMIEE 57

SIANE ppBMI AR GWG 43 2K AE SGA I ANBHIHRIFBE T /b, s 3A, g5k,
5 GWG it Z ALk, 7R ppBMI 4111 GWG & EI, SGA MAEAENEZET L, XRH GWG A& rf
REXG N SGA IR, JEHAZFEAC ppBMI A Hr

XIAN[E ppBMI AP35 GWG 43 J2 K HE<34 Ji 5= i N B kiR gk A7 04, nl® 3B, 2553
B, 5 GWG i Z4IHILL, EIEH ppBMI ) GWG & B4, <34 R ABEEETL, XKW GWG
AR AT RERY <34 FE L= KRS, JCHORTE & ppBMI 4.

SIANTE ppBMI AP EEE GWG 40 2 &4 5 438t APGAR W4 <7 FIAB IR BT 08,
K 3C, 4iREW, 5 GWG EHAHMLEL, EIEH ppBMI K GWG AL, 5738 APGAR ¥4y <7 K
AENBAEN 2, XK GWG A ZATReHE N 5 734 APGAR P53 <7 BIRUE:

SIANE ppBMI A EEE GWG 43 2 &4 5 708 APGAR 4 < 7 I ABHIHR BT 047,
3D, ZEHEEW, 5 GWG ALAMLEL, IEHR ppBMI 4 GWG i B & 4 NICU AAEH) AKX 5
%, XK GWG i Z i REIE N NICU N AF 21 AR .

4. g
4.1. ppBMI 53EiRAH & iERIXF
pPBMI 7 7 PRSI IR 4R b B M A R BEER 5 Ry M e e R R, AR Fe i AR — 2 2 142
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%k %k %k
- - % 3k 5k
20 * * % = 80 —I * % % LA}
mm )2-Q3 60 mm ()2-Q3
® 404
Z 40

0
{RAARE REIER  HEIEE (AR E fREIEN  HEEERE
C *okok D
50— l** == QI 250 * -
- (203
40- a - 200 - 203
mm 4
- 1 0—.
30 o 15
< 904 =< 100
101 50
0- 0
{RARE REIEN  HEERE L3NG REIER  BEISEE

E: A: SGA; B: <34 iR7=; C: 547#h APGAR iF4<7; D: NICU AEZ., K{AE(BMI < 18.5 kg/m?); AHEIE
% (BMI1 18.5~23.9 kg/m?); FEESLAERE(BMI>24 kg/m?); Q1: <419.4 wi/fH; Q2~Q3: 419.4~692.3 7i/ff; Q4: >692.3
i/E. "P<0.05, ™P<0.01, *P <0.001.

Figure 3. Bar chart analysis of ppBMI and GWG with neonatal outcomes

[& 3. ppBMI F1 GWG 5% )LEBHIFEIRE 5

HAEIEH ppBMI, HEARIEH ppBMI FIRUIG AU G QR BA I A RE (1) & AR AR UG, B T8 a4, W
XARUEGR T HDP J AR 26 2 BURZ2 1A 1) 2~3 £5[12] 0 N2 SURG GE R DR FEMvRE i AR BREE M), A B 3t 1 1 B8 vy
FIREGR RS, an2eJE T [L3]7E R AR GR b R RN 2.3%, SRR GR &9 RN 8.1%, TEH.45 0k
IRl 6.0%. BFFUIESZ[14], 7 ppBMI 5 HDCP. GDM J& il & /=S T & R IE A e . AWFFT g sk,
HDP MIRAEREIA 23.3%, HIEMHIRKAERMBEER 70%. EARPAZEEREZERIAHrHia &I, &
ppBMI & HDP. GDM. #| &=, NICU NMERKfERFZ, 75 SGA. PTB MK 5 43 APGAR 114 i
ppBMI A LR AP R 2

4.2. ppBMI 5 JLERXFH

BEAE A 70 7R [15] [16], AN R =45 R XA BEE BMI (17 s g 538 n,  HoA ik ppBMI 2 248 in
7 PTB. FGR F1 LBW [ XU,  RUSGEE 4R BT THI I 1 J5) A AE 2 1 b T ppBMI B BE Dy PR o AR 5145 SR ik
7~ (K ppBMI 4, PTB. SGA. LBW MR AERMEFE, HERBEAFRIFE . KL RS
PPBMI 53842 LG5 RO R, RIUHTAE ) LA B 45 R K A2 245 MK ppBMIZH 1 XU 2 3 T &, JCH 2 PTB.
SGA Jz LBW ({1 R £ IE# A B EHEE K. £T 5 ppBMI 12210, BRI K45 3 1 XU B 1 3 44
FAL LI B E BN, AR W] LGA. B L) LI R S8 78 5 ppBMI 4145 W 0 45 it
SN FEAIRSE RS, PTB KRR ppBMI A Fifb e, (EAWES ppBMI S . BT L
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IR LI RIE 1 RSk — 25 KRR s oh,  AHE R IR K B ppBMI 414 E 58K 5 208 APGAR, H.#
BrEREIA 78%.

4.3. GWG 5iRHIH L EEHXF

BWFRIR[L7], & GWG SUEYRFFEEN (R 2 IEAH G, BURR AL P45 GWG, I 54k
SRR, FHEIGIE IOM HEFZ 5 GWG 75 EIXUIR 2210 (1 3d& F 1 o BEAE K0T 745 IR, GWG
AN B 2 2 N RE BN |45 SR K R AE[14)-[16] . fEARRFFE A, 45 ER GWG A 25 GDM. PROM
M AR T AT 5%, FF BB E PR IR A AT BB AR FE s R, GWG ik £ 41f) GDM. HDP K -F-Jii il
R AR T . GWG 1 24 S8 Ak W R AL 2 (18], S RALPUIG SR, %S 5 51 K HDP.
GDM Z53FRAE. Btz Ah, AR IRIAAA AR & R, WG E i iR AR & S BUR S
FRURPE TRE[19], & A BRPE R 5 =T

4.4. GWG 5% )L EBExHR

A — I PO W £ B [20], T EXUIBZAIEOE GWG & B K PTB R4 45.6%, AHET E PR 5T
gERWAC. AR F, GWG EHAMNIGZH, PTB Hik 31%. &AW 7N N[21], At ppBMI 40
fil, 4 GWG i T IEHHEF VG, L SGA [ XK &3 n . K& ik 7 8 R e [22], XURIER
ZOF GWG A2, JL LBW KA R TG IEIR. — WU o B B X 5 R AR 7T [21], fER
A LBW HZ 020 B 42%0 GWG AN . KRBT, GWG A 42K A LBW IR E K EIA
90%, A HTIRF AL PTB MR ARG 5. AR AR GWG X A4 A 70 % R RESRES J&)
W, GWG @& HAMZE, HEHMARE A JLE RBE RIEFMTE, H GWG A4t 2 H Kk 4E APO 1)
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