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[HZ] BE EUIRBIBERE (GDM) XHREJLAYUD ) fdFE s s m . 2257 BMI 5 GDM #UIH1¢, {H BMI
TCIEVEAG G T SRR o3 A s 00, PR HPAG AE A A — P . BN AR [ BMI IE# (B4R 5 & 43 16 (PBF)
>30% ] BOEH AT AL OHEREREARE [ BMIIER F TSI AL (VFA) = 80 em’ | fE7EE RFIFREE MR 4
SRIMTZE NG PR P MR o ABER 9200, OGS GDM XRMBIFEAHXEL= . BRI rHr 2200 iE s BMI 221078 R IR
535 GDM AHCHEI BT IR /- A fE L 5 GDM G R, ik AIFRIA 2018 4F 10 J§—2022 4F 10 H F e #BEF
FEEMHR A= BB = BH 12 R, 22 W] H IR 8 ST I T 177 Bk 2 28 4L R 24~28 JE BG4 1 938 4l
WX G F 204 (6~16 J ) BEAT ARG | #EYR 24~28 JEAT IR A AR XK (OGTT) o R4S OGTT 4%
BERITXT G243 GDM 41 (n=382) MIIEH 4L (n=1556) o R JC Logistic [H1IH M #5822 R WA R 7 M AR B 43 A
5 CDM I XZR., &R GDM A2k NsE (BFM) . VFA. PBF. 54550 (FMI) ¥ TIER 4 (P<0.05) .
TG Logistic [BIF/0 45 R B s, 2253 BFM, VFA, PBF. FMI JI# ( OR=1.044, 95%CI=1.012~1.078; OR=1.007,
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BFM. VFA. PBF. FMI 5 OGTT 45 i s MU 2 IEAHE (P<0.05) o 518 FEZPHIIEH BMIZ2id, Z2 R0 BEM
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[ Abstract] Background Gestational diabetes mellitus ( GDM ) is closely related to the short—term and long—term
health outcomes of the mothers and offspring. Pre—pregnancy BMI is strongly associated with GDM, nevertheless, it does not
distinguish between body fat content and fat distribution. Only using it to assess obesity is flawed. Normal weight obesity ( normal
BMI but body fat percentage above 30% ) and normal weight with central obesity ( normal BMI but visceral fat area above 80 ¢cm”)
show different degree of metabolic dysregulation. However, those population are usually overlooked in clinical practice and there
is a paucity of research on those population and GDM. Objective To explore the correlation between body composition in early

pregnancy and GDM in a population of normal pre—pregnancy BMI, and to investigate the relationship between fat distribution
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and GDM. Methods We performed a study that included 1 938 singleton pregnant women registered in the obstetric out—
patient clinic of Beijing Obstetrics and Gynecology Hospital, Capital Medical University from October 2018 to October 2022.
They voluntarily underwent nutritional assessment in early pregnancy and had regular pregnancy check—ups until 24-28 weeks of
gestation, who underwent hody composition testing in early pregnancy ( 616 weeks ) and oral glucose tolerance test ( OGTT )

at 24-28 weeks. According to the OGTT results, the study population were divided into the GDM group ( n=382) and the normal
group (n=1556) . We estimated the relationship between body composition and fat distribution with GDM in early pregnancy with
binary Logistic regression. Results Body fat mass ( BFM ) , visceral fat area ( VFA ) , percentage body fat ( PBF ) , and fat
mass index ( FMI) in the GDM group were higher than in the normal group ( P<0.05) . BFM, VFA, PBF, FMI ( OR=1.044,

95%CI=1.012-1.078; OR=1.007, 95%CI=1.002-1.012; OR=1.041, 95%CI=1.012-1.070; OR=1.138, 95%CI=1.043-
1.241) (P<0.05) and central obesity (VFA = 80 em?) (OR=1.396, 95%CI=1.101-1.770, P<0.05) associated with a
significant increased risk for GDM with binary Logistic regression analysis. Spearman rank correlation analysis showed that BEM,

VFA, PBF, FMI and blood glucose of the OGTT test were positively correlated ( P<0.05) . Conclusion Among normal pre—
pregnancy BMI women, BFM, VFA, PBF, and FMI in early pregnancy were the risk factors of GDM. Central obesity ( VFA =
80 cm”) could independently predict the development of GDM. It is necessary to pay attention to fat distribution during pregnancy

check—ups and to strengthen the pregnancy management for central obesity women.
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TR IABE R ( gestational diabetes mellitus, GDM )
IR R A (A RS PR, 23K GDM & A2
K 14%, RFERZ R ERIEfeR kLR FE
GDM H 3K 14.8%~19.7% ), HEZAE FTHBH
GDM X5 JL I 378 191t B 2338 WA R 520, 5 1 b
SETRET . B BARIL Y SR R IRS R, Y
TR 2 FUBEGRA (T2DM ) Bty LB U 00 5 %
A L R R GRS, AR AR
T2DM 7 RS RSN . 2 T SR 23 GDM %
AR O 2R BMI RS 1 kg/m?, GDM ER
NN 0.92%" >, [EAME 2 E IR BN ARE, B
R hE . BMLIEH , &8 E 40 b (percentage body fat,
PBF) >30% "', SRR, Wnimig S . B
W, IEEAS R OHEIERE L IER R R
PENEBEFIRE S SEORNS S % . AR e
7 BMIAE BT, A 3 31 PBE ', uERg
i[RI oA AR ey 7 L T BMIL G HE I K
Wi At i, AFAEBig S, R sl ) BMI A A
E, TTAESRAIRRE R B R 1 L FEE R R, O
H BMI 22 1 v A RR IR I S AL 5w 2200, JF HX A
GBS GDM A KRR MATERE . FIIABR R
FEZPRTIE S BMIAKE, A=Y BHATE (bioimpedance
analysis method, BIA ) 7% 22 F AR B . Jg H o0 A
LS GDM EHR, BTENImRNE AT A3 0 4 41t
et

1 X&E5FHE

1.1 HRIHR
YEHL 2018 4F 10 H—2022 4F 10 H T & #FERF K2

Gestational diabetes mellitus; Pregnancy trimester, first; Body composition; Percentage of body fat;

W JE b s P2 R B = R T2 Y, 2R (6~16 J7)
R 27 8 R VR O 8 007 AR A 2 AT IR 24~28 JE Y
MG AIABRIE: AR 18~40 % . ZEHT BMI IEH
(18.5~<24.0 kg/m®) ' | BAJRUEIR . Z R ALK
B4R ZE i) (24~28 JE ) A7 R 2 B e el
(‘oral glucose tolerance test, OGTT ) LR TR N S SR
HEBRbRifl . Zoi el 2 40 E 2 Wi Al b sl 4 O A H:
AR BRSO . A B e tepons J a4k 4141
W) o RPN HEBRFRE, B 1938 Bl ELRT
BEM . AT HRERI R AR L5 0 R B (e B
Z BV oIt E (2018-ky—009-01)
1.2 ERFREE

WAEZ IR R T RE . OGTT 4539 K AR o 88, 43
BreEIEs BML AR5 GDM Z R KA,
12,1 ARBAREIAES Ke 5. SR InBody770 %478
OYRTASC, AR A 4 e BELC oA JECEE 8 5 S AR
SrdEbr. MIEHT 3 h ARGz, MEHT 24 h A7)
BEA SRRSOk A . BB . Zedafliss
JEME . BR4A R, YL 20 5 min, MiPEEERE, FiE
BRAERY), BAVD T, G TR R
b, S BRSSO, WF AR T, SRR
B AN G B LIRE, SRR, K
FRBCAERG B st I, RSUS R, A5 SR 2
fil, PRFEECAS, EEIMASE R R E] 1~2 min, 4%
B 18 S T ikT.
122 GERMcE I PR FL e T R4 R G AR 2
MIAERS . AR H, KA 2. ZEr=k, UL
OGTT By e . BEAE sl (s Bs R . B R |
H BRI ) |« SIS AR A TORMuTE: 2 s
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R, AZERTR R (kg) /B * (m?) 35
ZETI BMI; AR BERMUEE . 40PN (intracellular
water, ICW ) . 40 ML #b #& = (extracellular water,
ECW) . & H & (protein) . # ¥ i (minerals ) . &
JEWi & (body fat mass, BFM) , HATAEIEFREEE: &
R EIKE (total body water, TBW ) | EARIAFTHE (free
fat mass, FFM ) . JJLIA & (soft lean mass, SLM ) . ‘B
B WL (skeletal muscle mass, SMM ) | & 88 L5 5 48
# (skeletal muscle mass index, SMI) . PBF. BEiHiH
FEEC (fat mass index, FMI) . JCARIF B EFEET (fat—free
mass index, FFEMI) . PNERE 510 AR ( visceral fat are,
VFA) P,

it — RT3 A 5 GDM 1 C R, MRAE2E
WL PBF K 7 1014 R PBF £ HR (PBF<30% ) Al i
JERE (PBF = 30% ) ; - ARYE 22 F 1) VEA $5 22 410 7
i VFA Z I8 (VFA<80 em®) Al v 0 P B JiE (VFA =
80 cm®) NP IS AR VORMO R ) 2 A

(fasting plasma glucose, FPG) . =Pt HH (triglyceride,

TG) 5 ZEHH IR OGTT 4524,
123 SRR PR IZ BRI 4Rk 24~28 J44T OGTT
WY, HARMT . ORE 75 o 4 E ( JoK w6 % b
k3 BOWA 300 mL, 3Bl IBOIRBE AT & RBESS 1. 2 h
AR C AT IR R A A BT RT T]) A& A
AN T, R A R A I E 1l A
IV, 23 i K 1 ARASAHES 1,2 h AY O (55018 5.1
10.0. 8.5 mmol/L, AFA]— > B [1] s M W {25 ) sl i it
EARRERIZ T GDM P
13 SitESH

K HI SPSS 25.0 Bt it AT gi it . AR RS A
WGBSR M (Pys, Prg) FR, PUZLTR] LECR
Mann-Whitney U f:%5; $HECFOR DA X B0R0R, 4]
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FLBCR X K. Kt E b h 2 A 4 X
FIPR BArFEFRAN A —JT Logistic [EIE4MT, 4314 R 4
5 GDM Z[af)5EZ . K Spearman FRAHIE MR ITIA
AR AR5 2 M M FUIRAE AR S 1. 2 h oK i A
Ketko Lh P<0.05 MESAGIHE L.

2 #R

21 FEMRITRH—RIFERRER S IEIRILE

RGN SHEBRARE, 3 1 938 5|22 {0 fe 28k AAR
W9, Hoh GDM 4122140 382 4] (19.71% ) , IE# 4%
171 556 11 (80.29% ) . GDM HZ2I4EHE . ZE Wik B
B ZEET BML, ZE R FPG. B TG K. OGTT
TR A B AT IWE R 2874, W PR vs 20 S o B84 v
FIEFA, 2 OGTT Kl f FIE/ N FIEwdl, 25
PG e m L (P<0.05) 5 WL Sm . Ui, 2
OGTT Rl S & L, 2278 geit5 2 L (P>0.05),
1.

GDM 41 2% 14 BFM. VFA. PBF. FMI ¥ & T 1IE %
H, ZRAGH¥EY (P<0.05) ; A ICW, ECW,
TBW. protein, minerals, SLM, SMM, FFM, FFMI,
SMI te#s, 2R Esit#E X (P>0.05) , W& 2.
22 IEEBMI ZAZBHEK S S GDM HXERHZ
7t Logistic [@3 497

DL & A GDM b (R AR & (R fH: & =1, &
=0) , LIBFM. VFA, PBF, FMI iy A 78 & ( IR {H N
SEUNAE ), 4T G Logistic [MIH4MT. 76 A 5 AT-fa]
BENEN T, 48R B2, BFM, VFA, PBF, FMI
9 1F # BMI 22 1H % A= GDM 5% i Xl % ( OR=1.067,
95%CI=1.035~1.099; OR=1.011, 95%CI=1.006~1.016;
OR=1.062, 95%CI=1.034~1.090; OR=1.216,
95%CI=1.120~1.320 ) ( P<0.05) . 7EPRI%EE T Z304F 1 (It
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Fz1 GDM A5 —Em i

Table 1 Comparison of general information between GDM group and the normal group

oz = YN Ve R | -
. iﬁ@)wﬁ” %f)[M(P”’ @[;{J{?&Pﬁ:g [@A;J(];MI L (%) ] ?f;r; (%) 1 BEmEE: [ (%) ]
) s soemlp ) kel Py kgnt]  WEA &R T ARRME % #
w4 1556 33(31,36) 162 (160, 165) 55(52, 60) 21.1(20.0, 22.3) 1144(73.52) 412(2648) 9 (0.58) 1547(99.42) 1392(89.46) 164 (10.54)
GDM 41 382 35(32, 37) 162 (158, 166) 57 (53, 60) 21.7 (204, 22.8) 244 (63.87) 138(36.13) 4 (1.05) 378 (98.95) 321 (84.03) 61 (1597)
7 ( xz) i -5.280 -0.808 -3.028 -4.620 14.044" 1.o011° 8.808"
P1E <0.001 0.419 0.002 <0.001 <0.001 0.315 0.003
5 OGTT 1Lt (M (Pys, Prs) , mmolL ] OCTT AR (M £ OCTT BATAE Z5 PG M(Py, ZEHHITG [ M (Py,
=M 1h 2h (P, Prs) , kel [M (Py, Py) , kgl Ps) , mmol/L ] Ps) , mmol/L ]
EHA 444 (424, 465) 745 (649, 841) 6.40 (5.69, 7.13) 6.80 (5.00, 8.80) 0.27 (0.20, 0.35) 459 (439, 4.83) 0.92 (0.74, 1.19)
GDM 41 473 (443, 514) 994 (9.07, 10.63) 8.77 (7.77, 9.38) 6.30 (4.00, 8.30) 0.25 (0.17, 0.33) 474 (448, 501) 1.12 (0.85, 145)
7 ( xz) fE -12.571 -23.522 -25.006 -1.909 -2.043 -6.436 -7.905
P <0.001 <0.001 <0.001 0.056 0.041 <0.001 <0.001

. GDM= 4LURMIBEIRNG, OGTT= DR AENT S806, TC= =B, FPG=2sIEiMbE; * #n x° fH.
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Table 2 Comparison of body composition indexes between the GDM group and the normal group
45 ik ICW (L) ECW (L) TBW (L) protein (kg) minerals (kg) BFM (kg) SIM (kg)
WU 1556 17.50 11.10 28.70 7.50 2.86 17.60 36.70
"= (16.50, 18.80) (10.40, 11.80) (26.90, 30.60) (7.20, 8.10) (2,65, 3.02) (15.03, 20.30) (34.50, 39.30)
COM4L 382 17.50 11.00 28.60 7.50 2.84 18.70 36.70
T (16.50, 18.80) (10.30, 11.80) (26.80, 30.70) (7.20, 8.10) (2.64, 3.01) (16.20, 20.90) (3438, 39.40)
VAl -0.114 -0.524 -0.159 -0.043 -1.198 -4.483 -0.113
P{i 0.909 0.600 0.873 0.966 0.231 <0.001 0.910
4151 SMM (kg ) FFM (kg) VFA (em’) PBF (%) FMI (kg/m’) FFMI ( kg/m’) SMI (kg/m*)

ERH 2090 (1950, 22.50)  39.10 (36.80, 41.80)  79.35 (64.90, 98.50)

31.20 (27.90, 34.20)
GDM 4L 20.90 (19.50, 22.50)  39.00 (36.60, 41.90) 86.80 (70.75, 103.95) 32.65 (29.10, 35.10)

6.70 (5.70, 7.70)
7.10 (620, 8.10)

14.80 (14.10, 15.60)
14.90 (14.20, 15.60)

6.00 (5.70, 6.40)
6.00 (5.70, 6.40)

Z{H -0.121 -0.209 -4.497
P{H 0.896 0.835 <0.001

-4.798 -4.798 -0.627 -0.388
<0.001 <0.001 0.530 0.698

W ICW= 201 N Wi, ECW= 200 4h i it, TBW= PR EK &, protein= % [ 51, minerals= i) i, BFM= {&JI§ 7 ik, SLM= JJL /A 4,
SMM= B, FFM= I8R5, VFA= NIEIEHTREL, PBF={RISH/rLL, FMI= JEMTEIEEL, FFMI= ORI 650, SMI= B U it

sk

E A SSIAE ) |« 2200 BMIT IR A S ) | 7= (RAA:
G =1, ®IEE=0) | R EES (R 2
=1, % =0) . Z OGTT Kl & -3 (WRAE Ry SEIAE )
KB FPG (IRAE A SEIIE ) A1 TG (TR A SZIAE )
J5, BFM. VFA. PBF. FMI 5iF% BMI Z2{H% 4 GDM
B A e PEAT SR AETE (OR=1.044, 95%CI=1.012~1.078;
OR=1.007, 95%CI=1.002~1.012; OR=1.041,
95%CI=1.012~1.070; OR=1.138, 95%CI=1.043~1.241)
(P<0.05) , W# 3,

2.3 BRSO %%t GDM & B9800

1 938 A ZEATIER BMI ZZ I ANHET, BREEIERE GDM
KRN 13.62% (264/1 938) , O PEAE BE GDM &
AR ON 11.92% (23171 938 ) . GDM 4 B M AR ik Ko v
O PEREBE AT & LB FIEw 4, 2S5 A X

(P<0.05) , W4,

FEIEF 4, PBF, VFA ¥1E% 4 588 41 ( 37.79% ) ,
PBF K VFA X534k 735 ] (47.24% ) ; 1 GDM 4
o PBF. VFA 4 1F % & 3t 111 ] (29.06% ) , PBF }
VFA $ 55 %3 225 4 (58.90% ) .

DL &4 GDM o R AR & (R fE: =1, &
=0) , LPAPBF % 41 ( W fH: = 30%=1, <30%=0)
K VFA 4y 4 A 28 & (R {: = 80 em’=1, <80
em’=0) , FEHITRAHZ . Z2E4FER | 2201 BMIL, 7=k,
BRI K . & OGTT J& ¥4 & K 22 1 FPG 1
TG, HFTZHE Logistic MIHAM, R ER, otk
O BD VEA = 80 em” J& 22 i IE & BMI 2211 % £ GDM
By At S7 fE B & (OR=1.396, 95%CI=1.101~1.770,
P<0.05) , T1fii PBF = 30% A& GDM [ 7 57 15 [ [ &=
(OR=1.090, 95%CI=0.826~1.439, P>0.05) .

24 IEE BMI Z2AZBHEKK S &MigtsS OGTT M

PEZ BT S HOHE XD T

Spearman £k AH 5C 73 AT 45 R on, 42 HHH BFM.
VFA . PBF. FMI 5 OGTT 55 i i hH A 1 AR #4548 )5 1.
2 h MR IEASE (P<0.001) , WLEE S

F3IEW BMI A R 5 GDM ASEHERY I Logistic [
oM
Table 3 Binary Logistic regression analysis of the correlation between body

composition and GDM in early pregnancy
AFwr B SE  Wald x*(8 P&
BFM 0.043 0.016 7.111 0.008
VFA  0.007 0.003 7.990 0.005
PBF  0.040 0.014 7.876 0.005 1.041 (1.012~1.070)
FMI  0.129 0.044 8.417 0.004 1.138 (1.043~1.241)
T BIETAREY . 2200 BMI, P2k, BERORAE L . 2 OGTT £
N JE - K 2 L FPG TG J5 TR

OR (95%CI )
1.044 (1.012~1.078 )
1.007 ( 1.002~1.012)

3 e

ABIFFT K BRAEZ2 T IE % BMI 2280 A\ RE v, 4R
RIS G S . 2200 BML, 2 OGTT Kl Ji] -2 14 5 A
Z B FBG A TG /& GDM WIS N s 722 A pl
437710, BFM ., PBF ., VFA . FMI J& GDM {7t 7 1 [ R 2%,
NG A, A PEAERERD VFA = 80 em’ /& GDM
ST SRR 2R

RS . BEIRIR RS . 220 BMI J& GDM 23 A E
TR E 2 IRk TR E A B R,
A I BN, A ARG URIA A TRE . JFAIE B AT RE
PEIRIE TN, GDM 1 T2DM Jk BEAE B2 | AL =Z AL,
A EIAE GDM S A2 1H K A= T2DM 113 AU 2 1E 7
K 105 0 A5 J5 R R 4 L R 20 DGR Y L 4
T GDM 1 T2DM = [l 775 3L A ) 5 S X 20 T
0 T R RE R GDM B9 &0, S5 MR
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R4 COMASIEFANEN AT IE: [#] (%) ]

Table 4 Comparison of fat distribution between GDM and normal groups

. PBF VFA
A5 il ;
PBF S [EHEARRE VFA S8 HL PR
EHA 155 612(3933) 944 (60.67) 797 (5122) 759 (48.78)
GDMZ 382 118(30.89) 264 (69.11) 151(3953) 231 (60.47)
X i 9.309 16.780
PfE 0.002 <0.001

R5EH BMIZAAA RIS 5 OGTT MUK I i i AH DG
Table 5 Correlation between body composition during early pregnancy and

OGTT blood glucose at various time points

- OGTT 2 & I OGTT 1 h [fi b OGTT 2 h I
r i P1H r Al P1H r {8 P{E
BFM  0.142 <0001 0164 <0001 0166  <0.001
VFA  0.158 <0001 0154 <0001 0147  <0.001
PBF  0.142 <0001  0.164 <0001 0166  <0.001
FMI  0.174 <0001 0181 <0001 0170  <0.001

ARWFFE GDM AFEZE OGTT fifi A il (1) s 498 B K Jo] -2y 38
HEIEFIER AR XTREE 1 T GDM 4l =i 22 b e
% e AR s i s, 2RI IR . i s TR
WIE e, R BT GDM () & A — RE
87, B HRTH IS — i R

TER 4y 43 B b, GDM 4H /% BEM. VFA. PBF.
FMI & F IR 44, —JC Logistic [H 23745 5B 8K
H¥k GDM EAER ML R E (P<0.05) , JFHYS
OGTT IBHE S A G . 2021 4F 30 [1] i pAF) 4 . 2
NBESF N0 BMI<24 kg/m® K = 24 kg/m” HIZH, R IY
BMI<24 kg/m’ if, GDM 2022 I (% BEM ., PBF. PN kAR
Wi 7K ( visceral fat level, VFL ) 5 1F %40 tbﬁﬁ%ﬁ'—us J o
[ N A A 2 BF9E AN [F) BMI 2341 T GDM I fi 2 i 22 L
W PBF. WNEREIIFE %L (visceral adiposity index, VAI)
KAARFE AR5 GDM 1K &R, 45 R R 22 R 22 101
PBF. VAI J& TG /K FIVESR GDM &A= Rl 7 Bt 4
bR, ARG 2 AL, TN A 210 BilZ T
I 191 %k BRAJF 5% K B2 S 1) PBF = 30% 2= GDM (1) /& [6:
%P EEARIT IR AR S fE R N 2, X AT fiE
S ARG AN ARG IE R BMI 224,

AWFFE AR GDM KA 0 19.71%, BaEAEEA
#E CDM K AF N 13.62%, O PEEREARE GDM &4
TN 11.92%; KRR E G K VFA = 80 cm’ 1]
YE5 GDM ()il 7. 15t W 46 4% BFM., FMI., PBF 7] B i
SR SRR A AR, VEA BT BRAE A A SR
i o A B FE AR FRIEAT DL, FEIEHR BMI AGE, Bk
K Je iR Ae T 445 GDM A6, Z2 Rt AR i 21
2 Rt e HER PIEAR I S22 GDM IR . IR
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5L EA AT 43I 2 RPN R 1 B RAE R F, S 5T RS
FZAURE R g v L b RE R B P R i 2 41
P& B R B N IR (free fat acid, FFA) , iXit
FFA 2 UUBUEARRR DT 412, WieaE . LA AR, &
FUSWEEE . FFA AT LASOR SV E 0, Bl
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