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H#: @il R4 HRGDMANIEGDMAZEEYRIAM ML BEMLThEE. FARRTIREARTR, £ EGDM
EERRIFF RIS, DIHERERHIGDMEE . J7¥k: BB 202281 3 £2023F12 A EBES
ME—BERE#TZRERN7976 %48, HPGDMA1744((21.8%), JEGDMA62341(78.2%), HEH
HZEMAE . BMTheE LK B RIRIIBARIERNER, HETERERWETNEE. 45%: eDM4A
MEIEEERE. HW=F. EEO@). REEOB. ARMEE. D-Z“RKA&. BOEENFR. SRR
FEER. REREER. BMINEE SR TIEGDMA, TWiRtimEsst 8. LERBRREAdiE. FRITENL
VIR B E K TIEGDMA, ERWELHHEE L (PH<0.05). —jtLogisticE 3R ER: H
=f5. FREAB. D- R, =MFRERER. £FREZRNFARANGDME L F ML &R HE R (OR>
1,P<0.05). Z&XH TAEML(ROC)AHTESL: HIM=FEHNAUCHO0.791 (95% C10.756~0.826), AR
FEEBWIPAUCH0.589 (95% CI 0.539~0.64), D-—F/AATHMAUCHO0.536 (95% CI 0.485~0.587), =
BUFR IR R KR TN AUCH0.547 (95% CI 0.498~0.597), & FARJR K HAAUCH0.468 (95% CI
0.421~0.515). BEEROCHHT4: B ERAUCKH0.825 (95% CI 0.792~0.858), HBURBEAII£87.9%. 4
. MARREPEHM =, B5EAB, FREIRP=MFRBEEER. £FRERE, ULEMIIER+H
D-ZRAILSTHRFFHIAGDMR A WML AR ER, BRETINREAUCTX5]0.825, HEREMSGURE
BB TR EREL.
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Abstract

Objective: By systematically comparing the indicators of blood lipids, coagulation and thyroid func-
tion-related indices of pregnant women in the GDM group and the non-GDM group during preg-
nancy, we aim to identify the risk factors of GDM and establish a prediction model, to detect preg-
nant women with GDM earlier. Methods: We retrospectively collected clinical data of 797 pregnant
women who received regular antenatal care at 971 Navy Hospital from January 2022 to December
2023, including 174 (21.8%) in the GDM group and 623 (78.2%) in the non-GDM group. The differ-
ences in blood lipids, coagulation function and thyroid function-related indices between the two
groups were compared. The prediction model was constructed based on the identified risk factors.
Results: Total cholesterol, triglyceride, lipoprotein(a), apolipoprotein B, lactate dehydrogenase, D-
dimer, prothrombin time, triiodothyronine, thyrotropin and BMI in the GDM group were signifi-
cantly higher than those in the non-GDM group, while thrombin time, anti-thyroglobulin antibody
and thyroid peroxidase antibody were significantly lower than those in the non-GDM group. The
differences were statistically significant (P < 0.05). Logistic regression analysis showed that the in-
crease of triglyceride, apolipoprotein B, D-dimer, triiodothyronine and thyrotropin were independ-
ent risk factors for GDM (OR > 1, P < 0.05). Receiver Operating Curve (ROC) analysis revealed that
the predictive AUC of triglyceride was 0.791 (95%CI 0.756~0.826), apolipoprotein B was 0.589
(95%CI 0.539~0.64), D-dimer was 0.536 (95%CI 0.485~0.587), triiodothyronine was 0.547 (95%CI
0.498~0.597), and thyrotropin was 0.468 (95%CI 0.421~0.515). Combined ROC analysis showed
that the predictive AUC was 0.825 (95%CI 0.792~0.858) and the sensitivity was 87.9%. Conclusions:
The five indices including triglyceride and apolipoprotein B in lipid metabolism, triiodothyronine
and thyrotropin in thyroid function, and D-dimer in coagulation function were all independent risk
factors for the occurrence of GDM. The AUC of the combined prediction model could reach 0.825,
and the sensitivity and specificity of which were significantly higher than those of the single-factor
model.
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1. 5|

LU H1B% R J6 (Gestational diabetes mellitus, GDM) & 45 & Ui 3 7] A A2 (1) UE AR 53 o8 32 R4k B AR
WAL, IR WAIFAEZ —[1]. FESER A IEREA T, RS W 0 MR T s L 2 R PRI A
R AWAEIZ D BN . AR [ BB R 9% ¢ 2 (Inter-national Diabetes Federation, IDF)%#E s, 2021 448k
GDM KRR H L 16.7% [2], JF HBEEM IS E NG 2 . H R UCR IR B0 DU B H S 3h B9
>, Tt GDM IR R R HFLE Bk, GDM f E s m i R fin JLAERE, T S R JeJE TR
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Fokid 2. BERIL BRILEE. B URIMEE. B ) L BEA RATGRES /R R A XK B2 T = (3], JF
AR S ECTACH BURE AR R . 2 ZBE IR . IERERAER B B T 4] [5]. Rk, %552 GDM [mfE kA
FNIM B GDM = fa NBE, SEBU I 92 RUA A e s REEME R . GDM i[RI 4%, BLF& A% |
IR 3% B AR s 2R LA (6] BEALWT 0 IUNE RO S e B« R . 2 0N SR LR 5 AIE 55309 GDM )
FERER, AU FHRE A H W =R, &A% GDM Z V1M, (HH JiiE = nl4E1) GDM fE[: 7
JERS[7][8]. AWt R4t %] GDM 4F19E GDM A i g, i zhe. HARIRThEEA
KAabr, HWEHXT GDM BFMANE, LA R GDM 221,

2. #IRE
2.1, — PSR

AWFFYEE 2022 4 1 H & 2023 4F 12 e LG BEBE#E AT /= Bk 2 1) 797 45 22 3 147 1Bl it

PEoHT. %27 E GDM 438 GDM A A1dE GDM 4, H+ GDM 4 174 1(21.8%), IE GDM 4 623 4
(78.2%). LB ZAIANGPR TR, 22 #(16~24 F) MASAHOCHE FRCE R RE . Hh =8, AREE A ). #,
BEE AL, BIEEA B, K EREOMERE. &% EARE DB R, FLERI ARG, BEiAH ST bR (D-
TIRAR oS TG AR R L VR R SRS (] BRI EG S ) [ BRAR ARG LU . SRR AE), DLACHURAR
FHOAEAR (T HUIRBRER B A A U0 38 =W FOIR IR B 202 . e FOR IR . SRR IR &R . ORI
HUR IS A B sk . (RHVIRIRZR) I Z 7. GIAFRE: (1) 22046 18~35 ¥ . (2) HiRitdk: (3) In
IRGERLTERE . HERRARAE: (1) BRURATEA FARMRIIRE R KR 22 0E TR e v I S 7 43l fr R 55
S A RS B0 (2) 2200 3 M AME PRy Sema iR AU, HORIR DI RERIAHIR 25 . S e 4y
2. AR FELE AR LB R Rk, IrA RN RA SRR ES .

22. BIRAE

2.2.1. IEFKEFRE
WIRE-R I B 2RI E A E A TR (B S . E, k. 55 BEG0E), i
AR E $5 $(body mass index, BMI). BMI = {4 (kg)/ & =i (m)2.

2.2.2. A8, FIRBR. BIMAECIEFREN

ZRE THIMAT 1 H 22 I E45, X H 8 I Hl HUA & ik i, SR FH 4> B 3 4246 53 A (35 [ Beckmann
25 F])ATE BEEL AT (FEE Siemens 23w ) ES il A= A6 AN TAH DCHR bR (K55 IR & T8 05 IR Ta ) - e iR [
F%(3.1~5.9 mmol/L). H il =ME&(0.57~1.71 mmol/L). JIEZH(a) (0~300 mg/L). #JIEEH B (0.75~1.5 g/L).
LR i U (120~250 U/L). A% B2 iR 2% (1 AH [ B2.(0~3.4 mmol/L). 7% i 2 1 A [ B%(0.9~2 mmol/L);
HEIMAH TR bR: D-—2R/&(0~0.55 mg/L)~ #&k ML fik R 1) (8] (11~14 sec) ¢ MBI [F] (14~21 sec) ¥ 4)E ML 7%
it I 7] (26~36 sec) . [E Frbm kAL HE A1 (0.85~1.15 mmol/L). £F4EE R (2~4 g/L); HURIRARSCHEFR: =Rl H
RIRR R (1.13~2.42 nmol/L). {2 FUIR AR (0.34~5.6 mIU/L). HT FUIRARER R (I PT44(0~115 1U/L) . HFEIR AR
S EAA Y EE BT (0~9 1U/ML). i 25 — il FOIR AR )5 20 R (3.8~6 pmol/L) . i 25 HUIR R 2 (7.86~14.41 pmol/L).
HUIR i % (78.38~157.4 nmol/L).

2.2.3. LHiRRIE

GDM 2 Wiksie: S FH Bl B 4T Uk A8 PR 975 & 58 41 (the international association of diabetes and pregnancy
study groups, IADPSG)## ) GDM 2 WiJ7i%, BITEULUR 24~28 FiE4T GDM fiifx, Zaid4:52 759 I RH
% B & 56 (oral glucose tolerance test, OGTT), #725fIMAH > 5.1 mmol/L B¢ 17 ARF %4 1 h J5 b >
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10.0 mmol/L 5% 1R # &4 2 h J& g > 8.5 mmol/L, i % /b 1 JEI A 24 GDM [9].
2.3. GIESE

SKH IBM SPSS 27 Geit 8 AT i it Z# A0 B o B BERMF & IR 70 A (B A EL + FrifEZ (X £s)
For, WRCR ML t K50 TR R BB (n) R E 7% (%) Ror . B A Guit s AR R H
Logistic [A1)14 4 570G i /s K 32 JF i — 0 A i OISR, ] B DR 3R 22 DR R B 5 1) 52 A i 26 (Re-
ceiver Operating Characteristic, ROC), Fi1- % i1k T i #(area under the curve, AUC), ELE TN GDM HI%L
ft. LLP<0.05 AZERARIFE L.
3. R
3.1. FEZE—RBRELR

JEIRIEL 797 HAABATHI AL, WA E SR AE GDM, KRN %5~ GDM 41f14E GDM 41,

GDM 4 174 1](21.8%), Ik GDM 4 623 151(78.2%). GDM 4154k GDM HRIER . B, hEK, %
SIS FE (P >0.05), %1,

Table 1. Comparison of general data on pregnant women

F 1 REM—ARFIRIEL

GDM group (N =174) Non-GDM group (N = 623) P t
Age 29.247 +2.649 29.238 +2.847 0.318 0.040
Height 1.632 £ 0.049 1.644 +0.047 0.285 —2.906
Weight 69.474 +12.279 69.783 + 10.810 0.118 -0.323

3.2. PARAIGKEHIEFREEE

X GDM 459F GDM ARG Bl FARBRDIRES AR FR AR AT 22 R 047, 45 R E7R GDM 41
SIEERE. Hm =8, fEEA@). BAEA By ALRMEN. D- R4 BB IR A = BRI R R
IR EHRIRER . BMI BB T4 GDM 41, Tkt A A, STHCRIRERE A i, HURIERE AL
Vil ik LT3 GDM A, ZERIASiHAE X (P <0.05). MMAAKHEIEEA AL, K% EEE
SV N N R S i Nl oA 071 R 2 L INES 7 X S e o (RN = = N M 1 R N
JRERR « B HORIRER . HURIRER M LR, ZRBLS e ((P>0.05), W& 2. L LFTR, AHFFRK
Pl GDM A H =5 SAHMEEE. (2AFORIRER . D- R BRI EE SR R KT R T R, R R R
Fo RS Sl oA W] R P, 5 BRAE K 2 MOt 7 4 R — 2 [10]-[14] -

Table 2. Comparison of experimental data
2. TWMBIBELER

Factor GDM group (N =174) Non-GDM group (N = 623) P t
Total Cholesterol 5.827 £ 1.346 5.826 +1.169 0.037 0.005
Triglyceride 3.362 +1.272 2.153 £ 0.849 <0.01 14.735
Lipoprotein (a) 308.989 + 367.614 213.348 + 258.448 <0.01 3.903
Apolipoprotein Al 2.272 £0.671 2.413 £ 0.597 0.365 —2.678
Apolipoprotein B 1.119+£0.385 0.986 +0.229 <0.01 5.724
LDL 3.199 £ 0.879 3.102 +0.888 0.727 1.289
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HDL 1.720 £ 0.345 1.819 £ 0.328 0.494 —3.461

Lactic Dehydrogenase 181.414 + 43.198 175.973 + 31.493 <0.01 1.846
D-Dimer 1.358 £ 1.295 1.088 £ 0.949 <0.01 3.049

PTT 29.832 +4.213 30.463 + 3.915 0.345 —1.847

PT 11.828 £1.105 11.702 £ 0.807 0.004 1.669
Thrombin Time 15.281 £1.693 15.628 £1.112 <0.01 —3.205
INR 0.989 = 0.063 0.992 + 0.060 0.689 —0.561
Fibrinogen 3.891 £1.001 3.666 = 0.864 0.065 2.927
TG-Ab 45.782 + 130.047 69.281 + 231.016 0.047 —1.286

Free Triiodothyronine 5.127 + 0.848 5.090 + 1.203 0.852 0.378
Free Thyroxine 10.091 +2.363 10.288 + 3.452 0.602 —0.708
Triiodothyronine 1.944 £ 0.501 1.849+0.414 0.018 2.539
Thyroxine 131.862 + 24.343 131.011 + 24.242 0.506 0.409
TPO-Ab 9.973 £51.518 30.502 + 129.646 <0.01 —2.043

TSH 2.088 +3.301 1.925 £1.297 0.044 0.991

BMI (Kg/m?) 26.062 + 4.450 25.796 + 3.762 0.041 0.792

3.3. EF %My GDM R REFEHIZE Logistic BlYA5r sl

T GDM KA R R, LR R BAA Gtk 8 R bR (e IR A RE . Hh =88, I8
HH@). FAREA B, AMMAR. D- RN e BEmEgEN E . =ERIRE R, (2FIRERE.
BMINENH AR, A KA GDM {ENRAEE, —JC Logistic [ R ER: Hih =8, #EEA
B. D-RAfR. Z#URURIREZRR. (2 FRIRE M T =8 GDM KA 87 G5 X % (OR > 1, P < 0.05),
W72 3, HER/NGESE PHE — £ [15]

Table 3. Binary Logistic regression analysis

%% 3. ZJt Logistic BV #r

Factor s SE WALD P OR 95%Cl
BMI 0.030 0.026 1.341 0.247 1.030 0.980~1.083
Total Cholesterol —-0.207 0.114 3.303 0.069 0.813 0.651~1.016
Triglyceride 1.263 0.122 107.761 <0.01 3.537 2.786~4.489
Lipoprotein (a) 0.001 0 1.858 0.173 1.001 1~1.001
Apolipoprotein B 1.938 0.512 14.352 <0.01 6.947 2.548~18.936
Lactic Dehydrogenase —0.004 0.003 1.903 0.168 0.996 0.989~1.002
D-Dimer 0.249 0.1 6.178 0.013 1.283 1.054~1.561
PT 0.034 0.128 0.071 0.79 1.035 0.806~1.329
Thrombin Time —-0.07 0.09 0.598 0.439 0.933 0.782~1.113
TG-Ab 0 0.001 0.096 0.756 1 0.998~1.001
Triiodothyronine 0.542 0.239 5.133 0.023 1.719 1.076~2.746
TPO-Ab —0.003 0.002 3.492 0.062 0.997 0.993~1
TSH 0.091 0.048 3.683 0.045 1.096 0.998~1.203
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34. ZHAHM=NE. HAEER B. D-“Bik. ZHMRARREIER. EFREREYN GDM XER
B B T B

SARTH I =RE . #EEE By D- R ZMRRIRE R (2 HOIR IR R T 88 b5 ROC 4047,
HFAM GDM 1) AUC 45 5 o Hil =i AUC v 0.791 (95%Cl 0.756~0.826), 25 & 1 B Tl AUC
79 0.589 (95%Cl 0.539~0.64), D-—ZA&Tiil AUC 4y 0.536 (95%CI 0.485~0.587), —flll FHAR JiR Jo 2 B il
AUC 7y 0.547 (95%Cl 0.498~0.597), {i¢ HARRZ Fiidll AUC y 0.468 (95%CI 0.421~0.515). #t—HXxf A |
fa s R =BT G ROC &5 R B, ZREELE A AT GDM 1)K 4 (AUC = 0.825, 95%Cl
0.792~0.858), HMUKRE]IA 87.9%. WA 4 FIE 1.

Table 4. Predicts the risk of GDM occurrence
= 4. 3f GDM k4 K& RIFMNE

Factor AUC 95%ClI P Sensitivity specificity Cutoff value
Triglyceride 0.791 0.756~0.826 <0.01 75.90% 65% 0.409
Apolipoprotein B 0.589 0.539~0.640 <0.01 32.20% 83.80% 0.16
D-Dimer 0.536 0.485~0.587 0.146 18.40% 92.90% 0.113
Triiodothyronine 0.547 0.498~0.597 0.056 35.60% 76.10% 0.117
TSH 0.468 0.421~0.515 0.196 78.70% 24.60% 0.033
ZRHR 0.825 0.792~0.858 <0.01 87.90% 40.90% 0.47

ROCHiZk
1.0 g

e 1 4K

— Hih =B

— #EEAB
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Figure 1. Comparison of ROC curves of different predictors during pregnancy
1. ZEARETUN$EFREY ROC BhZkAIELER

4. g
HEAR IR SRR 2 24 A 4 2o oA AR B R 5 3 L I R 2 — 1], P B SR B B, 3 SR

RALUREE R MG . FFORBRDRERETS AN BEM D) BE R MG IL AR B T GDM KA 2 Y B A BN 2%
WL E R ZIEARNESE RS, A E5I GDM MR IATIE MRS WA T, R4 SGEREL
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S5, BELISTARU 1 s B AL S R A IR FR o ARBEFCAAN 797 BlBEURIAIE 2, BT M fe AU &t Re
J HUR BRI BEAR SCHEAR, KRG T GDM HISERE K 3 34 T b i 1 Py

GEGR IR E — MK R R ik 72, AR 57 30 B AR AP e, I T B R .
2 ] v A T BB 2k AR P R A BE AR A 7 S, A e R D GDM R AE s fa R R [16] . AR
LRI, AHELTHE GDM 44, GDM AZ A HE i, Hih =5, BB A ). #ARE A B. ARMA
B 5, HAE Logistic [HIEHRARE3E, HAHh =B 5T GDM ) AUC FIiAE] 0.791. 5 AHF
FRGER—5, BAZTMAERY, GDM A2 S HFEEE . Hih =EAKCF S, Bl =ERaE N
Tl GDM & A [ ph ST fa e [ 3R [11] [17]-[20]. AHANE T A 5T, A4 R B GDM A iR A
(@) #HEE M B 59k GDM 4LHitL, TGit2E2R[21], (HZWF NN 80 HiREA, ANHERRFEA E X &
PRI R s o O IR AU S5 AR B AR ELVE A WL, BRAEAE R 5 E GDM 24214 L, GDM
HZA AR R B FARPUIG N R 2R 7 WA A A2 DR SR A SR SR IS, UL ) A R k5, T
Ui B8 M TR AH B3 N [22] . 34, i B RS R BE 05 S AL AA Py S AL Lo R, (1R 5 B AT RE 52454,
HETT PR B R UM, FEUMR S R RIAZ 2SR RS WEEL, PR RIPUER, &
ALt GDM K E[23].

B 4 HT FEODR R T R S 5 2 O DL IR SR AR A PN 2 A, BEAE KRR AR I, HRIIRDIBES GDM 1k
ARSI I[24] [25]. AWFFRKRBL, HELTHE GDM 41, GDM ZH 24 i) = Rt BrOR i s = BR AR HCIR
RREE B8, PR R ER B A HUART FUIR IR A B B AR, b SRR AR R . (R HOR R
ZAE Logistic [FHFRAREE, X 5TFEE . KONARH 25 A 5t 48 3 — 5[ 12]-[14] [22]. BEAERER A
P, HURBRS AL SRR . IngeonE IR & . SR m AR R B, HURIRThRE S #2156
BRI B ZR AT, TGN GDM B A ENLZR[26] 0 10 P9 BOFE A L I AT e T H & S 2 Z3 B )
HE, MATRES RS RACP. M. AR A 281G J%[25]. BEAERF 7T A I ORI B & Pk G A
T2 1 FOIR R ik A B DA I AE AR S LR 2 R T ACE T, R AR A B 28T, AT
GDM [ R 2 [27],

BEAEF A B, GDM AZ ikt i shBEAH LT3k GDM 24, AT kbR A5[28]. AWF 7t &8
54k GDM 1AM Lh#, GDM ZHZ21E Y D- 5 AR ok i J B b 1) B S 7 v, 1 o A ) 2 PRI
Hrh D-—RARTE Logistic [FIHHRIREE . XN GDM ZaiURL T — AN mkeiR A, R H B AR A
M AR () XU 23 B 8 v . X AT R BT GDM 22 0Pk Py IS A T KPR AS s AT 2 843 1L P9 2
BOEWTEBL RS, FRKEHLNRF TR, 75 FHUE B I mERA[15].

TEAT R SR JR 7 (GDM) I AL, AR 52« FRODR R T i e 1 A 1 Th e 2k 1 IR AR IO A7 7E
T A2 A A 2% ) A B AR AN S A L OCIE, TR A 5 i I3 B A B X 24 o 3 — A ELAE Y ) 28 e ot % A
FMSTAL R BAR DN, LRI LT GDM KAMIZ RGUIRATSHLE . 181 5 R A A0 RO % 12 FOIR iR
THRE S I35 AL A0 10 T B 2 A 1) = AN DCHER AT 1) 4L [ LAtk . 7E GDM B8 25, 480 57 (4n CRP.
IL-6) AN H0ifl AR AR IO S, B2 e AR U 2L AT P B T Re Rt s [RIINE, AP0 S 47 B 5 ) FEOIR i
Jazhae, XAEHERR UL SN BB, 3P R R IR S [29]. Dan Zhu SR AR, TEMEGAEN
AR, ARWTEE AT AR oxylipins (FF5H & PGE2) 51 4 Rl 1 S IAH LI R IAE S, SR 44 1 T (1 gt I £k,
PR R 2 R BE[30] o IXFL/RAELEYRFIA, SN “AEFRMERRE” SE B, {H 20X Fh JRE S B B
AT G232 GDM R A .

g bR, AR AR R H = BEES B, HURIED e =@ RRIRE R . (2
WARZE, DAL fE T D- =Rk 4t 5 Tifshrth GDM BRI fEk K&, B G X s H &
PR A7 A TR Y AUC T IA$I] 0.825, A58 TR A v ff P4 A0 50 5 B W oy T B DR SRR
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LRI PR oS SR 4RSI PRV A2 W T OGTT A&, 1R 2 22148317 OGTT 156 ik FTME /K iy 2

o SHBURE . K SEIR, H OGTT R L UL, BIEEBL 5 WU RSS2 R R
SN o AHIE TURA) S A IS AR LA e O U BE AR S, A % L GDM, - SE3) GDM 4411
T, xR A A R IRE S AT —ERRRIE, B, AWFURMANZERI LR,
P AT IR B, BT R R X R R 5 GDM YR A BT 535h, AWFFE 8 HrpL ot
TCHAEA IR M5 LA, eI — IR ey KFEAR. KA. FEAU IR Tt — ik .
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