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The relationship between serum zonulin,aquaporin 9 levels and glycolipid metabolism,adverse maternal

and infant outcomes in pregnant women with gestational diabetes mellitus
SONG Zhenxia,ZHANG Jingwen, SUN Yue
(Department of Obstetrical ,Qingdao Women and Children’s Hospital ,Shandong Qingdao 266000 ,China)

[Abstract | Objective To investigate the serum expression levels of zonulin and aquaporin 9 (AQP9) in patients with gestational
diabetes mellitus (GDM) and the relationship with glycolipid metabolism and adverse maternal and neonatal outcomes. Methods A
total of 120 GDM patients treated at Qingdao Women and Children’s Hospital from June 2020 to March 2023 were enrolled as the
GDM group.Based on maternal and neonatal outcomes, they were further divided into the favorable outcome group (n=64) and the
adverse outcome group (n=56). Additionally, 120 healthy pregnant women were included as the control group.Serum levels of
zonulin, AQP9,and glycolipid metabolism indicators were compared among groups.Pearson correlation analysis was used to assess
the correlations of serum zonulin and AQP9 levels with fasting blood glucose (FBG), fasting insulin (FINS) , homeostasis model
assessment of insulin resistance (HOMA-IR), glycated hemoglobin (HbAlc), total cholesterol (TC), triglycerides (TG) , high-
density lipoprotein cholesterol (HDL-C) ,and low-density lipoprotein cholesterol (LDL-C).Receiver operating characteristic (ROC)
curve analysis was performed to evaluate the predictive value of serum zonulin and AQP9 levels for adverse maternal and neonatal
outcomes in GDM patients. Results Compared with the control group,the GDM group showed significantly elevated serum levels of
zonulin, AQP9, FBG, FINS, HOMA-IR, HbAlc, TC, TG, and LDL-C, while HDL-C levels were significantly decreased (¢ value
ranged from 8.645 to 33.532,P<C0.05).The adverse outcome group exhibited higher serum levels of zonulin, AQP9, FBG, FINS,
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HOMA-IR,HbA1lc,TC,TG,and LDL-C,and lower HDL-C levels than the favorable outcome group, with statistically significant

differences (¢ value ranged from 5.327 to 9.452, P <C0.05).Serum zonulin and AQP9 levels were positively correlated with FBG,
FINS,.HOMA-IR,TC,TG,and LDL-C (r value ranged from 0.442 to 0.684,P<C0.05) ,and negatively correlated with HDL-C (=

—0.582 and — 0.494, respectively, P <C0.05).The combined prediction of adverse maternal and neonatal outcomes using serum

zonulin and AQPY levels had an area under the curve (AUC) of 0.947,which was superior to the predictive ability of either marker

alone (Z=3.098 and 2.131,respectively, P<C0.05). Conclusion Serum levels of zonulin and AQP9 are significantly elevated in GDM

patients and are closely associated with glycolipid metabolism.The combined detection of zonulin and AQP9 provides high predictive

value for adverse maternal and neonatal outcomes in GDM patients.
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#F 4% 3 0% JR % (gestational diabetes mellitus,
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eride, TG) . /& % J& 5 25 11 IH [ B Chigh density lipo-
protein cholesterol, HDL-C) fik % J& Ig & 1 JH [& B

(low density lipoprotein cholesterin, LDL-C) % &,

SR 22 A SR D-10 Bk 1 21 2 11 43 B ASCKS: DU, 3
B I 2T 3% A (glycosylated hemoglobin, HbAlc) 7K
Vo SR BE AR M A i B (fasting blood-
glucose, FBG) [ 75 2k, 2R FH L S e 328 125 4 0 45 i Ik
& % (fasting insulin, FINS) 7K 3, i & 2 #5115 5
(insulin resistance index, HOMA-IR) {38 2 5
FBG X FINS/22.5,

1.3 Gt ¥ FHiE

B4 DL SPSS 25.0 BTS20 BT &R IEDS
PR B L i1 B zonulin, AQPY %5 45 & 1F & 4>
Aii DI R H FR i 25 (x = ) Fliak R SRR A ¢ K
50 HEAT T 2 [] Lb 3 s 1 BCROR BB (o) FILE 43 L
(Y6 FRR ) LR ) X K5 s Pearson A5G 1k 43
Bl 3 zonulin, AQPY 7K *F 4 il 5 FBG. FINS,
HOMA-IR,TC, TG, HDL-C, LDL-C By #H 3¢ ¥ 5%
i #H T 1E % fiE (receiver operating characteristic,
ROC) i 437 L3 zonulin, AQPY /K F%F GDM
HRFEAN RS RN B, P<<0.05 R EFA G

S-S

2 &R

2.1 MA— BRI MFERIRILE

5%t B4 A e, GDM 4 1L ¥ zonulin, AQPY,
FBG.FINS,HOMA-IR, HbAlc, TC,TG,LDL-C /K
F-Ft & HDL-C K P BEAR, 22 55 A S it % 8 X
(¢ fHAF 8.645~33.532 Z[A], P<C0.05) ; 4L 4F %
ZH AR B B 48 80 (body mass index, BMD) 22 %%, 7%
WH T EM2ZR(P>0.05), L% 1,

22 HEBBAREBILER

GDM 41 kA5 LB JRIL=E B ERIL
SR LR K25 JR) (56 1], 46.67 %) 1 T X BR 40 (22 4],
18.33%), & 5 H A1 5 1T 2% & X (X* = 21. 956,
P<20.001),

2.3 AEABBRER GDM £& — R EF B0 M55
FREE B

gk R R B4 MW zonulin, AQPY. FBG,
FINS.HOMA-IR, HbAlc, TC, TG.LDL-C /K &
T R4, HDL-C KL T R4FH, 2R A 51T
2 X (e {EATF 5.327~9.452 2 JA], P<C0.05) s i 4
AEWE L 2P T BMIL 2R, PR E W E M R
(P>0.05), L% 2,
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Table 1 Comparison of general data and serum indexes between the two groups (x £ s)

LD X B (n=120) GDM 4 (n=120) t P

() 29.5443.83 30.26+3.92 1.438 0.152
71 BMI(kg/m?) 22.16+£2.79 22.28+2.83 0.331 0.741
K2/ 4¢/ 9] 2.384+0.65 2.5440.71 1.821 0.070
FER (PO 1.7340.54 1.8240.57 1.256 0.210
zonulin(ng/m1.) 5.25+1.68 10.064+1.74 21.785 <20.001
AQP9(ng/ml) 0.6974-0.22 1.7820.28 33.532 <<0.001
FBG(mmol/L) 4.2641.27 6.4541.29 13.252 <<0.001
FINS(mIU/L) 15.3143.49 20.67+3.52 11.845 <0.001
HOMA-IR 2.9040.95 5.984-10.98 24.720 <<0.001
HbAlc(%) 4.9641.17 6.4541.19 9.781 <<0.001
TC(mmol/L) 5.03%1.11 6.2841.13 8.645 <<0.001
TG(mmol/L) 1.5440.42 2.284-0.44 13.327 <<0.001
HDL-C(mmol/L) 1.26+0.25 0.8840.24 12.012 <0.001
LDL-C(mmol/L) 2.81240.82 4.034-0.83 11.454 <<0.001




TEZE A M ik hetp: //mchchina. xjtu. edu. cn

K2 AEABERLERM GDM 2F—MEARMMFERIRIEE (x £5)

Table 2 Comparison of general data and serum indexes in GDM patients with

different maternal and infant outcomes (x %)

LD K AF4 (n=64) ARA(n=56) t P

£ IE D] 29.87+3.91 30.7143.95 1.168 0.245
27 BMICkg/m?) 22.23+2.82 22.34+2.84 0.212 0.832
K2/ 4¢/ 9] 2.46+0.68 2.63+0.72 1.329 0.186
FER RO 1.76£0.55 1.8940.59 1.249 0.214
zonulin(ng/mL) 8.73+2.17 11.58+2.21 7.116 <20.001
AQP9(ng/mL) 1.5840.29 2.0140.32 7.721 <20.001
FBG(mmol/L) 5.86+1.25 7.12+1.34 5.327 <0.001
FINS(mIU/L) 18.8443.51 22.76+3.53 6.087 <<0.001
HOMA-IR 4.91+1.48 7.20+1.52 8.350 <20.001
HbAlc(%) 5.65+1.21 7.36+1.24 7.635 <<0.001
TC(mmol/L) 5.724+1.14 6.93+1.17 5.730 <0.001
TG(mmol/L) 1.9340.43 2.69+0.45 9.452 <0.001
HDL-C(mmol/L) 1.0240.22 0.734:0.21 7.358 <<0.001
LDL-C(mmol/L) 3.46+0.82 4.6940.85 8.059 <20.001

2.4 M % zonulin, AQP9 7k F 5 #% Bg KR 51 #5 4%
BRI XED

Pearson fH /0 #r B8, I35 zonulin, AQP9
K4y #l 5 FBG. FINS, HOMA-IR, TC. TG,
LDL-CEIEAH KM (- AT 0.442~0.684 Z [,
P<<0.05) ; 1l7E zonulin, AQP9 /K455 HDL-C
S M G {54358 —0.582, —0.494, P<C0.05) ,
WL 3,

Fz 3 IE zonulin, AQPY 7K F S5 HERE RIS FRA0HE X4
Table 3 Correlation between serum zonulin, AQP9 levels

and glycolipid metabolism indexes

zonulin AQP9
2153
r P r P

FBG 0.442 <20.001 0.621 <0.001
FINS 0.513 <20.001 0.528 <20.001
HOMA-IR 0.684 <<0.001 0.639 <<0.001
HbAlc 0.573 <20.001 0.496 <20.001
TC 0.454 <20.001 0.447 <20.001
TG 0.549 <20.001 0.572 <20.001
HDL-C —0.582 <20.001 —0.494 <0.001
LDL-C 0.549 <0.001 0.476 <20.001
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2.5 Mi%F zonulin,AQPY 7KEX GDM £ & 22
ARERRFN M0 E

3% zonulin, AQP9 il GDM EHE B AR
%5 )5 (49 1 28 F T FR (area under the curve, AUC) 4}
S 0.859.0.864, — FBKA WUl GDM &35 B B
BLZ5 i) AUC g 0.947 , — 3% 164 1000 4 T 8 b i
W (Z AE43 510 3.098.2.131,P<C0.05), VLK 1 FIF 4,
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Fig.1 ROC curve of serum zonulin and AQP9
levels in predicting adverse maternal and

infant outcomes in patients with GDM
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£ 4 M5 zonulin, AQPY K EX GDM 2 E R B AR LR TN M E
Table 4 The predictive value of serum zonulin and AQP9 levels for adverse maternal
and infant outcomes in patients with GDM

AE o AUC T 95%CI R D R L D) Youden 1%k

zonulin(ng/mL) 0.859 9.69 0.784~0.916 85.71 73.44 0.592

AQP9(ng/mL) 0.864 1.85 0.790~0.920 87.50 81.25 0.688

ZHBRE 0.947 — 0.890~0.980 83.93 95.31 0.792

3 it DR 43 J2 F6 T 45 R 000 0 AR AR AP AR Wb

Bt 5 3 E 6 GDM i A 1) 5 A0 2 GDM 3§12
PRUER . R E GDM [ U K IR 36 i, B 5k
11.91% . FEMEGILFE, N HARZ,GDM B R TE
1 118 A T) 30k 71T R0 DX 45 AN AL T o R 8 R b X
2205 KR AT BT . GDM [ O 20 = T AL A v
. GDM ¥ Ko B A 25 AL R AR AR 48 A5
J& GDM R # 1 = 2GR R 2, B 5 7= FBHE A L
I RREA 5%, 1T E K Y i B R 2 gL A
U R R F GDM & A B RS A 35 A G | T
B RN R4 R 1Y A W bR A R IR T K I

JRRAEEEL.
3.1 zonulin 5 GDM B EHER G ESEARR
ZERXE

zonulin 2 7 4 ff 38 7 Pk 0 > Bk PR A T2
— HFRGR R F BB R T R T it 52 MR AT
1 28 T 5 300 M AR RE R R I & AR
SEUUUR B BE PR B e BB ML zonulin kK P
T s zonulin AT DIAE G & DI RE IEF 19 2 BB IR
I (8 3 W A 2 B AR AR . Olivieri 0 &
B, 75 68 5 AAC Bk L3 K 0 4FE b zonulin 367K
42 2 T & zonulin ST AE W 4R ) B AEBIL L A 2E
1 F2 0 AR W 0 G g I 2 B T W 5 L AR
TEAAE IR rh %2 A2 RS A, fie 20 5 B0 5 AR 2 0 i
iE R . zonulin AN AL AT LAAE b IR kL 3 &% 75
/AT figy S 7 TR R AR S I W] LLAE D A A
PR 2 8 B0 46 b5, B BRI 7E T2DM 55, DL fiE
Xt HA A S b RS R R AR YT . Demir 450
KM .GDM B MK zonulin KV F& , H 5 k.
HbA1C.HOMA-IR, Ifil iig 5 % . & %E A 3¢, zonulin
T e AN AN e Ji 8 38 F P 16 TT e S B GDML |
f8 9 2 L IR B R AP IS 00 . AT AR GDM i 3%
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Yilmaz %" & B, GDM B # I3 zonulin /K V- i
T H R R KX GDM 19 & A B KA
B IR R AN AR S BE L AT A S GDM i 2 R 0 12 I 1
TH, A5 E M, GDM 4 i1 zonulin 7K F i 3
Thim BREEE  AN R B RIBKF B35S T R4,
$&7R zonulin AT GE3E & 55 GDM & & 19 7 1 8 iE
P JE TS 0 R R IR AR L S E RO, A 5§ GDM
PR g FIRE SR B 45 ey 1) 2 A

3.2AQP9 5§ GDM £ EMERBEEELR
BERMXFR

AQPY JE /K3 £ M 15 38 1 5 19 B A, T DL GE
o TTIZ 1 T AT B R OR R s FOK B E M
J2 ST 240 e s A H 9 1 T2 AR kAR AR, T A E H i A
U1 IS P AR TR -3- BRI L S A R
B A AR U R IR R A L ROAE N AF i
FE . Trinches %1 % BE, 4 45 ME 3% K B T I Jig
7 s 4 . AQP9 FIH I E 37 M 1, DR H
W RSB, Pérez-Peérez 4507 & B, AQPY 1 1E#
RN P OE R R 3K AQPY FE SR IR b Rk
R AQPY 2 R LK N BT U B i S Al AL
FEE PRy W MAC R B 5 B G L B e 3 s AT A A AT R Y o B
RITIRBEH R A, W R IR DY R B, R AT
BB AQPY JKF 225 T e, H iy 2% 35 10 ) 40 i o3
FE RN Rl G o PR 9% 55 40 M 08 T L 2 1T BURR 4
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AQP9 7K 3 T+ . 5 HbALC & & 3 1F A 56 4
A LIE S GDM S8 35 e 5 PE AT PR B AN R A b s
25 GDM Byg B A B FE . ARBFSE K. AQPY T
GDM 4 Ifi 3% i i & i Rk EESS R A R4 0 3% = &
ik HE % AQPY AT BEE i I 75 40 Y kL R R
POBEIE RS L RAE ML, 5 GDM 1Y & A= FiAS R BE 22
LEJR YA G, #E— 2 Pearson ¥ 48T W% . 1MLV
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zonulin, AQP9 7KF43 %15 FBG ,FINS,HOMA-IR,
TC.TG.LDL-C % 3 IEAH P, 5 HDL-C & 3%
FAHSEHE . ROC 4L /R, Il zonulin, AQP9 —
HIRA TN GDM B # R B R 25 5 i AR AR T 45
Bk T L B2 % 1L zonulin, AQPY 34 1T BE 52 i
Y B | i i R A HE TS 30 GDM BUE RN BT
1R P9 % B 0] 4 g2 B GDM R 2% B 32K B 45 R 9
M3 AL W) bR B

25 LTk . GDM B I zonulin, AQP9 /K -F-
3 T SR AR A DI AR OC, P B A 6 GDM
SRR BN R s 1 O B A A . SR
zonulin, AQP9 2 5 GDM 1y H 1k #L il 1 75 A ok 3t
— 5T .
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