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Abstract

Objective: To investigate the independent and joint effects of pre-pregnancy body mass index (BMI)
and gestational weight gain (GWG) on the risk of large-for-gestational-age (LGA) infants, providing
references for formulating precise pre-pregnancy and prenatal weight management strategies.
Methods: Clinical data of 1124 women with term singleton deliveries in the Department of Obstet-
rics and Gynecology of the Second Affiliated Hospital of Anhui Medical University from 2021 to 2022
were retrospectively collected. Pre-pregnancy BMI was categorized into underweight, normal
weight, overweight, and obesity groups according to Chinese standards. GWG was classified into in-
adequate, adequate, and excessive groups based on the IOM guidelines. Eleven combined groups
were formed (merging “inadequate GWG” and “adequate GWG” for underweight women into an “un-
derweight + non-excessive GWG” group). The Cochran-Armitage trend test was used to analyze
trends. Multivariate logistic regression models were applied to adjust for confounding factors such
as maternal age, gestational age, and pregnancy complications, analyzing the associations of pre-
pregnancy BMI and GWG (both individually and in combination) with LGA risk. Results: The overall
incidence of LGA was 16.1% (181/1124). Trend tests showed that the incidence of LGA increased
significantly with higher pre-pregnancy BMI categories (Z = 5.55, P < 0.001) and greater GWG levels
(Z = 4.86, P < 0.001). Multivariate analysis revealed that pre-pregnancy obesity (OR = 3.036, 95%
CI: 1.636~5.634) and excessive GWG (OR = 1.936, 95% CI: 1.335~2.807) were independent risk fac-
tors for LGA. Joint analysis (using the normal weight + appropriate GWG group as reference) showed
that the obesity + excessive GWG group had the highest risk of LGA (OR = 6.11, 95% CI: 2.78~13.44),
and the obesity + appropriate GWG group also had significantly increased risk (OR = 5.30, 95% CI:
1.40~20.03). However, the multiplicative interaction analysis between the two factors showed no
statistical significance (likelihood ratio 2 = 7.784, df = 6, P = 0.254). Conclusion: Pre-pregnancy
obesity and excessive gestational weight gain are independent risk factors for LGA, and their com-
bination shows a significant synergistic trend in increasing LGA risk. It is recommended to imple-
ment comprehensive, stratified weight management strategies starting from pre-pregnancy BMI as-
sessment.
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RAWEETH2] [3], AKRZAIAE SRS HM S AT, LGA IR G O oA Bl = B2 2 4T i B B, g
WEIER B, ZAHT R E 15 2(Body Mass Index, BMI)-5 4 gk S {4 5 1 K (Gestational Weight Gain, GWG)/2 #1
HRLRE A KA BB AR &K, 2T e AT LGA XN 2~3 %, GWG il LGA K&
BN 1.5~2 ff5[4]. 2009 -3 E = 501 58 Fr(IOM)Fa B A AN A 2201 BMI 2ot $ it 7 GWG #EEE R, s
B2 ) o A B ) R BRI [ 5] T AR, 25 AT T M\ S 1 A T B 7 THT S 00 268 7 468 D3 R 5 (1 2L U
SR, BN & AR A I AR B b, RS = AE v BB I RGPl . ARBT 5T B R o
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2. AREFZE
2.1. HFRMR

[P IS B 2021 AF~2022 AFAE 2 BB RL R 558 I JB BEBe 1= R ) 1124 5 5 iR Sk 4R 22 5 1) I
IRBTRL, FHERAF L BE R 558 I @ B Fe i B 00 2 #EAE(YX2021-097F 1) PINFRHE: O FIRUEIR;
@ %R =37 F; @ ARuBHIE IR, HRiadE: © ZHREER: @ 2/ <37 @ #ire. ik
G I E N AR ER L R IR T @ BdEEhok 3 .

22. ARFE

2.2.1. BiERE

MHLFI5 1 RAPEI A TS . Gm. ZAATRE . TR . S0 E . B L AR E R
A M URIF RO, BLFE AT IR IRE JR I (GDM) 4 4R 3 = 1L 599 (HDP) . B Y AR TRAAE(ICP) #10IL
HUIR IR Th B IRGR () (5 2., JHREH 3] EXCEL 4%,

2.2.2. SHARSHERE

ZATi BMI 204 ARYE b [ RN e 0 I PREE TSI 425 1R FE R ) [61FR 1S 22 1T BMI (221 BMI= 2277
AT (kg)/ & FH(m)A) 7 N KK EA(BMI < 18.5 kg/m?). IEH# 1A E2(18.5 <BMI <24.0 kg/m?). #HHEL(24.0
<BMI < 28.0 kg/m?). JESEZL(BMI > 28.0 kg/m?).

ORI E 4. TR EAFHRAEETH GWG (GWG = 2 URATiRE — Zai ik E)HEFEbRiE,
TATHIHE TR T 2009 4= 24 7Bt (IOM) GWG 8R4 (5] %4211 BMI 73 JZHEEE ) GWG & B 6 7 5
JRARE A : 12.5~18.0kg; IEWAAELL: 11.5~16.0kg; #HEMH: 7.0~11.5kg:; AERE4L: 5.0~9.0kg. HE—
¥ GWG 73 A E A AR THEFETE B TR, 38 5E m AR P, 6 A (R T e
FBR).

BRE B4 2201 BMI 045 GWG AR X, HT WG R REE + MEALH LGA K
RN 0, BRI TR, R T H SRR E + S T AR AR N IR,
BHNEARE + RS EMN, AR 11 DS 4.

KT a6 JL(LGA)E S B A L AR A 8 KT BAE T[RI MR 3 [|] 22 J& 25 90 T 4 i 3

2.3. GEitE
KH SPSS 26.0 FHAFHATE G Mo T ECF R LALBI B (H 4 th)#n, KA Cochran-Armitage & % V4G
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KA EFAEES LGA RAERWEHA XK. LLLGA N E, #7HILLBMI 41, GWG 41. a4+
BEAAE, DOEFHAREM., MEEHHLERAE + WEEEHANSE, RHZHEE Logistic A5
THEAR IE LB LE(OR) 95% B A X [H(CT) AR LL, #2IE R A FEERS . /0 W22 8 WL R #IRE PR 995 (GDM).
UE R /= 0 599 (HDP) . BT IR FUE(ICP) S Ff . FOR R T BEIGE (FR9K), 2443 #1 BMI )2 GWG H.
—RRmE, 5 —HENFIED R,

3. &R
3.1. AR REARIFAE

1124 Bl E P I4E 88 30 (28,33) %, 0 %2 N 39 (38, 40)E, GDM 401 #1(35.7%), HDP 73
%1(6.5%), ICP 21 151(1.9%), 73 IfiL. 68 111(6.0%), H Yk 150 11)(13.3%). Z2H BMI 7321 : (AR E 145 £41(12.9%),
IEFARE 755 51(67.2%), #BEE 172 §1(15.3%), HERE 52 $1(4.6%). GWG 7r4H: IEHEA L 231 $1(22.0%),
BTG 445 191(39.3%), EITE 448 $1(38.7%). #HiAE )L LGA KAERN 16.1% (181/1124).

3.2. FEIBKALEMN LGA RERLEE R BMI. GWG 774 LGA R FHEH 4RI

ANFEBRE UM LGA KAEZ, I 1. ARIR: KIEE + JEA LA LGA KAEFN 0, LGA K4
Rifrmdig: IR + S 42.9%, 15/35). MABRE + 365 0E B 4H(40%, 4/10), HHE + WETEH
(23.5%, 23/98) K A= A3 Wik 2 v T HAR 4

Table 1. Incidence of LGA by different “pre-pregnancy BMI and gestational weight gain” combinations (n = 1124)
# 1. NFE “Za] BMISERAEE” AEH) LGA RER0n =1124)

Z4HT BMI 4041 AR/ R | 1% (n) LGA f51%(n) LGA R4 (%)
(R iif& 27 0 0
WEEH 78 5 6.4
23R P iR E + RidE = 105 5 4.8
WE A 40 6 15
WEAE 180 21 11.7
IEHRE ¥ EIE (S HRA) 300 31 10.3
WE R 275 60 21.8
WEAL 17 2 11.8
AR S 57 13 22.8
WE A 98 23 235
WEAL 7 1 14.3
REJi: HEE H 10 4 40
WE R 35 15 42.9
pESan 1124 181 16.1

BRI TR, LGA RAEREZH BMI EFHTFE(RIAE 7.6% (11/145) — IEHEAE 14.8%
(112/755) — #BH 22.1% (38/172) — AERE38.5% (20/52); Z=5.55,P <0.001) 5. GWG FEE I N (A A2 10.4%
(24/231) — &EH 11.9% (53/445) — LJF 23.2% (104/448); Z = 4.86, P < 0.001)15) A% 525 ETH#a%s, 0
Kl 1.
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Figure 1. Trend test for LGA incidence by pre-pregnancy BMI category and
gestational weight gain category

1. 287 BMI 540, $HIRHAAIBE S LGA K RpaHa%

3.3. RAREBAES LGA REEHIZE R Logistic B35 47

DUEEAREA ., WEEEMAKEFARE + HEESHANSR, RIEAEER, 282 UUKITER
W PRI (GDM) UEUR I & 1L 75 (HDP) A P RE T IR FUAE(ICP) B2 I R FEOIR AR T AE DR (P 980) U 4k I
RIEJG, KFHZMHEK Logistic [B A3 Hr 2257 BMI Al GWG % LGA FIBST RGN B BEA N, L3 2.
S3HT AT BMIL A GWG XF LGA AU (AL R R I, AR 2 LGA IR (OR = 0.514, 95% CL:
0.267~0.991, P =0.047), AERE(OR =3.036, 95% CI: 1.636~5.634, P < 0.001) %1 5 i FF (OR = 1.936, 95% CI:
1.335~2.807, P < 0.001)/2 LGA ML fafH = BG o EH ot ki, SHAEREER B, B + 1
AL LGA AU i i(OR = 6.108, 95% CIL: 2.775~13.443, P <0.001); AEfE + 34 538 o 41 G 75 2. 3%
F+ =i (OR = 5.296, 95% CI: 1.400~20.027,P=0.014). HHE + HEEHHAOR=2.46)5HE + HETELH
(OR = 2.56) X\fx i, ¥WRFEF . EIEHEARENF, OHEDE T LGA RS EEEMOR = 2.43).
XA E + R EA, H LGA KAENR S5ZA T % 7(OR=0.44,P=0.097), 1fi “fiKfAHE + 1
FRLE AR T ERIA G L(OR = 1.62, P =0.320). I AR RIS B 2R, Z80
BMI 73415 GWG 73412 [AITE 8 & 10 Giit A TAR (AR EE * = 7.784, df = 6, P = 0.254).

Table 2. Multivariate logistic regression analysis of LGA risk in different combined groups

< 2. TEIBKEHALSE LGA XEHIZE & Logistic BV

A=/ A /A OR & 95% CI P1{H
AT 3 RN (73 R IE R JT)

AT BMI (218 IEHEKE) <0.001

AR E 0.514 0.267~0.991 0.047

L 1.351 0.879~2.076 0.171

JIELJRE 3.036 1.636~5.634 <0.001

MR E(S: MEEE) <0.001

WEAE 0.839 0.500~1.406 0.504

WEE 1.936 1.335~2.807 <0.001
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BAERBENG(SR: EXWAE + HMEEH)

IEHAE + HEAL 1.101 0.607~1.996 0.752
IEWARE + HENE 2.425 1.515~3.883 0.000
HE + MEAL 1.049 0.227~4.845 0.951
BE + WMEEE 2.456 1.184~5.097 0.016
FHE + G 2.564 1.400~4.697 0.002
FERE + HEAL 3.280 0.603~17.836 0.169
FERE + HEEE 5.296 1.400~20.027 0.014
e + MEE 6.108 2.775~13.443 0.000
etk E + Rid = 0.438 0.165~1.162 0.097
G + HE 1.618 0.627~4.176 0.320
A HAE K BMI x GWG (HIR7Z 1) st (ﬁ:f 67 784 0.254

7: OR, fZIEEEEL. ARG IE T ZEER . 5 . AT U=PE R (GDM). 4% 1 & IR %% (HDP) . JiT
WAB IR EEACP) . FAL. AR IR AEIRGE (FFIR) .«

4. Vg

AW FIEIL RS HT 1124 512 H BRI R TR BRAIRDT 142457 BMIL 5 GWG X LGA K4
PR (I RNT B BE A N . EERDVEFE: 1) ZATAERE(OR = 3.036) 54 4R A 74 5 1 & 5 FE (OR = 1.936)3%)
N LGA IO fERIR R 2) HBCATERR, LGA XK 2T mkasy, DR + 358 i B 4 X
i =i(OR = 6.108); 3) ARAIMBEA ST E LHIAHFZ HAEH (P =0.254), X—KIIER, ZFrRHHIR
BEZEFRMEA N LGA KU IRISE M TE S AT B0 T 2 ZER I ST RS 1) BAR S 1 [, $RoR kT 4622\
FERIUZET + Z 0 BT TR

4.1. ZHIABRE . ITRAGERKIE E R LGA KRR /2R E 3=

ZA T BMI BN S i 2 i BEAARCE FRR AR BPIR S 25 B e hn,  Ho6F LGA XU 2 B A IR s 2k
VSR AT 0 F U SCRE . Zhou S8R, BEEZ2HT BMI 56407, LGA (1R AE KR ARG (7] .
AR RN, AR E MMEAAE B, LGA KAEFERE FIHEH(Z=5.55, 4=30.80,P <0.001).
HiX—BAAEFIE T GWG SKHARTR AR K2 1 2 K& B H 2 b 43 203 — PR, IEFE(OR =3.036, 95%
CL: 1.636~5.634, P <0.001) By LGA [R5 ARG A2, Z2HTAERE M A B AR R R A2 LGA KUK A2 22 i 4 5 1
W3 . TR A B B AR LR (OR = 0.514, 95% CI: 0.267~0.991, P = 0.047). iX—45H 524
W —5. X AR SRR SR R AT MR AR o . 18V R KR S S M ThRe B A k. A
R, RS AP B S E,  w R a B R AN A R R G ) L aE, ARG DT o . TR
JHEAF DR 0 AR R AR 5785 S AR AR AR — 2 R, B2 40 1f 375 H 988 2= (leptin)« HKHT 2R (resistin) T 3R
BEIRF--o( TNF-0) S R 8 7 B & i, 1Kt — D soma e i Uk, (kG ) Lid FE AR K (8] 22 A FEiiE
SRR AL TS AR R 2R, HAFA P B 2ORE R 1, W A 4B 2K -6(IL-6)F1 C B2 [ (CRP)%%
AL A BB, T SO AR B E SR I B AR RS, R A B e B B GLUT1 M R IR
IEHEF SNATS [3Ris B, BEEINE =Y G ) LS R0 [8]-[12] i TR E oMk i, Hod
i LA R 1 JR B B U, AR IR I A A R B (g R PR TR R S, I R R 2 S A T AR AL T
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BRGERIK, IWIfTA BT I8 LIRS B3 08 FR b 45 . EAh, A4 EE Lo PR G Ak 45 M AN D Rt mT R

FRANIR], S IR Siaae Il ReAE Rt i& b, e be TR L BEAE K. AP Ti, B E A LGA KUKI(OR
= 1.35)EFETIEFAREL, HAREHFRIFEEEEP =0.171). X—RITTEESEELR SR HMES
Ko HHERESR MU EOIRES, MoBE LM 6 O 8 BB R E, 105 — 50 W nT GRS
FXFIES o IXATREFEGLTE FRRE T 4550, AL 24 A, FEAREANTE (0= 172)H ] 52 KRB
BEMWERZ —. S22 athkI, BREEMENRRRNATREORE R E, BEKS i, BES
G 1 45 A I (OR = 2.564) 55 55 19 B3 L 45 A I (OR = 2.456) X9 R B 2 35 1) UG In . X9, AR
e ZBALABE NBEREAE RS, Z2 AT A TR EARAS AN LGA FIRARM T “HEE R, “E AR
R DR R, AR AT R .

ASZIGH GWG 2 20T R, IR E LT 5 LGA KK IR 22 IEMI(Z = 4.86, > = 23.62, P
<0.001); FH—BHIZRESHr, BE BRI T2 W7 G K K 2 (OR = 1.936, 95% CI: 1.335~2.807,
P<0.001), {H3% 5 A 20 AR L H 535 B0 (P = 0.504) . XAl g X WU IRIIAE Bad ), EEERINZ WG
I v R B 2R SRR T R, T S B 0 W R AR D R 1 i A IS, BB (R EERR ) LAE AR
PRE K . SRR G E O R R T B E RN S AR IR, 2R RN, RERRBOK S
PIANVEAN TR (1S BN, 22 5 BB IS AN B3 18 107 R /K SF i 10]. 31X 287 724 il i i 45 s 1
I, HENIGLAKIRMEE S IR . IRURII B I A B R S AP R A R m A A K T RS
Wi, 1GF-1 1 1GF-2 2R kG JLAE K E R T, 75 RS I8 JLIGIE o 17K 5 2 4 5 38 i 2 TEAH O
[13]. BN, AaddA KBER (PGH) R G L M 7L 3R (WPL) S5 AR SR 1 70 3 th A2 BEVRE FRARDBUIM 47, FEHE &
HEMZEY, XSRS, B RIER LK 14].

4.2. ZHT BMI S3ERAEER S LGA KA R

FEZART AL AR S8 . RORE IR VST 50 N, ORI 80 B vl e ik — D IR e R, AT
SEGVERD . NEARVHEHE L FEER, AAE—SHERE o IEE, DL “EWEARE +
WEEE” NS RASPAFAE T LGA KK, 45 RE/RICE + WETEHAN LGA K miES A
1) 6.108 £5(95% CI: 2.775~13.443, P < 0.001), 3z = T B — K 3= PR A THE B OR = 3.036, 3 #H i &
OR=1.936), B HAFMAK I RIEL 55 (P =0.254). WFFIREIL, BIfELER EIE B AT, AERE
LA T I A R 1) LGA JRUSH( “AERE + I EEIEH” OR=5.296,P=0.014), iX—4&5 L HAT 5 BIG PR & e
ZA T REJRE AR B R AN TT 2 AR BB ST S T J it S U0 B0 A s ) B RS, {HRT R TGV S8 A TRV WA PR
KA (EX T EE AW ZAaT B2 E, TSl GWG BANBE 7S KT H v KUK, 0] 38k 4 XU
M HE— A5 . DRI, o 2 i P PR PR N AN, 75 22 St e ) 2 SR AR S A B, B A2 7 2 T HEA T U
NI Bl i KU i o TN T2 IR AR BN, SR O A Ak 04 B P LGA XU 7R3 0 HE V2 & 3 D (OR
=2.425, P <0.001), HEEA LT EZLIOR = 1.101, P = 0.752). XFPLEZFARERRE B I Lotk
R R M A R AR R, (E Y I AT BB AR . IR+ RO FEI E A LGA KUK
FZIEA(OR=0.438), BARIEG I EZEEP=0.097), BN RAEE L MEES TR EEEN LGA X
WK JAT, A RARE ot I B, LGA KAEZRAT M 6.4% FFHZ 15.0%, $7m g 5k B ] g5t
AR E R EH -

4.3. XEER SR TB MR

AW T RE— SR T 2280 BMI 5 U UR IS B 2 (8] AR SRS EAE T, 45 5 SR & LR E MG EAs
H (BRI »2=7.784, df =6, P = 0.254), 527 ANGER —F[15]. X487 R, 2207 BMI 5 GWG Xf
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LGA JABE 1R ZEAH T E AR BRI A HBOR BN . R1T, MRS BB AL R TR E, =82
I BR AR 0 RS AR . Y T [FRAEERT (R + BT AE2H), H LGA XUKI(OR = 6.108)5% i 1Kt
JE 20N (OR = 3.036) 548 B 5 i 320N (OR = 1.936) (I i A . X — IR LW, REREFG i A
PerE H ()R EVEARAE, E A R P 2 T e A SERR AN, BRI B 2 ik (R E A A . i AR
B AR T o, EIB 2R R R G A ) ZIRATR” Ja, Al RS S R AR ) 2 I
W EETBOR, IS8R 2 BT . XM ECA O BB B AL AR L BRIk
A RE R AH eSS FAE I JCGe v 2 55 SO 240 38 B A 3R 87 (1 R AR . e 2 1 (1 22 1 BMI 4o, 4%
SRR AR A A RS, GIRIERIAN S B, Z R A EA R HE . A AR M
B LR, e KU BA R “RISHA R MO9S 5o ST IR RSB T 55, I R A B A B S s 7 B
G KA AT, W2 ST, DUSEIURR I S R R B BRI

5. IERB X B RRYE

ARG R SAE T, & 3T LS, Ak B S ¢ 45 P S e At T BB IRAT I 2 R &R
B, ARG RER, W T RIEYRE, BRATF R E AL ST K BMI EHIE R JEHE, X
TIRURIAZE IS, FRATTTE A st I, JUHR AT IR NHE, AT BRMIE LGA KA, ks> BEE
o R, WRFREERR, T2 ER S MR ERZE, AiilEEiEs GWG LURERJLIES
ARKKIFER, BNERE SR <2027, Bk GWG i, Rk LGA XU B E ., Xt
BT SVERE AR I E R, KT BRI LGA RAESR. /b BE BRI 1] Rz Wi 0 B BB TN
{8, (R Y] BT UK AT A R RTRE VT RO 78 7 DUSRUE « AT A SR BRI : 25— FEAEAR:
JEHAEREA(n=52) 5B + MEALHn=T)FEARRB/N, vTREEmAN TR E M. 5 = 17 E i
Wit BRORIEZMERFER, EVTREFATERN R AR WA . 1) WMEERM S R EIRR
WL BRI S R, AFEIEERUN LGA MR REA BT E . 2) AR FEACRIE TR —F
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