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Dynamic changes of serum oxidative stress indexes in the second trimester of pregnancy and
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[Abstract ] Objective To explore the correlation between peripheral blood oxidative stress markers and hypertensive disorders in
pregnancy ( HDP). Methods A total of 120 patients diagnosed with HDP between January 2022 and August 2023 at Cangzhou
People’s Hospital were selected for the study, divided into three groups: gestational hypertension group (n=40), preeclampsia
group (n=40),and severe preeclampsia group (n=140).Additionally, 40 healthy pregnant women were randomly selected as the
control group.Peripheral blood samples were collected during early and mid-pregnancy,and the levels of serum lipid reactive oxygen
species (ROS) ,superoxide dismutase (SOD) .heme oxygenase-1 (HO-1) ,glutathione peroxidase (GSH-PX) ,and malondialdehyde
(MDA) were measured. Multivariate logistic regression analysis was performed to assess the association between these indicators
and the risk of HDP,and a risk nomogram prediction model for HDP was constructed and evaluated. Results In the examination

results at 8-13"° weceks of pregnancy, the serum levels of SOD and GSH-PX were sequentially decreased in the control group,
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gestational hypertension group, preeclampsia group,and severe preeclampsia group. with statistically significant differences (F =
29.838 and 7.955., respectively, P<C0.05).The MDA levels in the gestational hypertension group, preeclampsia group,and severe
preeclampsia group were sequentially increased, with a statistically significant difference (F=21.931, P <C0.05).In the 14-20 week
measurements,the ROS and MDA levels were sequentially increased in the gestational hypertension, preeclampsia, and severe
preeclampsia groups,while the SOD, HO-1,and GSH-PX levels were sequentially decreased, with statistically significant differences
(F values ranged from 33.679 to 133.145, P <C0.05).Compared to the 8-137% week measurements,at 14-20 weeks, the ROS and
MDA levels in HDP subgroups increased, while SOD and HO-1 levels decreased (¢ values ranged from 5.016 to 245.488, P <C0.05).

3"% weeks, with a

Additionally,the GSH-PX level in the severe preeclampsia group at 14-20 weeks was lower than that at 8-1
statistically significant difference (1 =5.227, P <C0.05).Multivariate logistic regression models showed that ROS and MDA at 14-20
weeks were independent risk factors for HDP (OR =1.917 and 1.818.respectively, P<{0.05) , while SOD, HO-1,and GSH-PX were
independent protective factors (OR =0.128,0.121, and 0.149, respectively, P <{0.05). As the levels of oxidative stress markers
increased, the association between these markers and the risk of HDP also increased (P <C0.05).The nomogram risk prediction
model constructed in this study showed an area under the receiver operating characteristic (ROC) curve of 0.837 (0.816-0.871)
before Bootstrap validation and 0.864 (0.835-0.894) after validation. The calibration curve evaluation showed that the predicted
values from the model were well-fitted with the actual values before and after validation. Conclusion In patients with gestational
hypertension, preeclampsia,and severe preeclampsia at the 14-20 weeks of pregnancy,the levels of ROS and MDA were significantly
increased, while the levels of SOD, HO-1,and GSH-PX were significantly decreased. The nomogram prediction model constructed
using both ultrasound indices and oxidative stress markers demonstrated high accuracy and strong predictive ability.

[Key words ] oxidative stress;hypertensive disorders of pregnancy;lipid reactive oxygen species;adverse pregnancy outcome; malon-
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Table 1 Comparison of clinical data between HDP group and control group [ x &=s,n(%)]

B2 HDP 41 (n=120) X} R (n=40) t/ X2 P
R () 27.3844.83 27.8742.91 0.602 0.548
22 J5 (D 16.89+1.63 16.65+1.79 0.787 0.433
ZR (PO 2.1240.93 2.0540.93 0.412 0.681
i/ <¢/ 9] 0.5840.72 0.48£0.72 0.761 0.448
Z i BMI(kg/m?) 22.9441.77 22.4741.85 1.438 0.152
Zf 38 ik (kg 16.46+3.88 16.264+3.64 1.839 0.068
27 L) 23 IR (mmoLL/ L) 5.0840.59 5.2540.63 1.526 0.129
2 Hf (mmHg)

WA 4 108.88+6.33 108.50+4.60 0.350 0.727

#T 5K IE 77.78+4.32 77.10+3.73 0.891 0.374
71 8~13 "8 J& (mmHg)

[VEIR 110.03+6.58 110.6044.86 0.504 0.615

ik 76.7146.03 76.1845.25 0.496 0.620
2 14~20 ] (mmHg)

Wi 4 111.14+6.63 110.1846.50 0.797 0.427

#T 5K 78.32+4.08 78.23+5.23 0.112 0.911
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14



%535 5 12 #) ¥ B a4 1 AT R Vol. 35 No. 12
2024 4F 12 H Chinese Journal of Woman and Child Health Research Dec. 2024
(2 13
xR HDP £ (n=120) X B4 (n=40) /X2 P
2 8~13 "0 IR R 0.069 0.793
[P 116(96.67) 39(97.50)
FH P 4(3.33) 1(2.50)
2 14~20 IR E AR 1.720 0.190
[ 115(95.83) 40(100.00)
P 5(4.17) 0
S/D
2 8~1376f] 3.24+0.11 3.21+0.12 1.460 0.146
2 14~20 J4 2.27+0.15 1.64+0.11 24.441 <0.001
PI
28 8~1375 A 1.1540.10 1.0840.11 3.738 <20.001
2 14~20 J 1.19+0.11 0.6840.13 24,236 <20.001
RI
Z1 8~1375 0.64+0.06 0.65-0.08 0.836 0.404
75 14~20 J& 1.0440.16 0.460.24 17.357 <0.001
ROS(U/mL)
2 §~1316 3] 216.39+13.16 214.83410.92 0.676 0.500
28 14~20 J& 627.77+16.31 213.37413.37 145.165 <20.001
SOD(U/mL)
7 8~1375 82.54+8.20 90.3345.38 5.613 <0.001
2 14~20 J 71.5649.77 92.8444.25 13.339 <20.001
HO-1(ng/L)
2 8~1375 1227.88+84.71 1 264.15+102.00 2.225 0.027
7 14~20 J& 731.234135.78 1 240..954109.14 21.523 <20.001
GSH-PX(U/L)
2 8~1376 57.72+8.21 63.8547.02 4.232 <20.001
2 14~20 J& 54.5745.83 61.7946.29 6.650 <<0.001
MDA (pmol/L)
7 8~1375J 6.29+1.35 5.35+1.17 3.937 <0.001
Z 14~20 J& 8.49+1.21 5.64+1.15 13.058 <<0.001
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e I 2 9 i 90 2 R O U4 I SOD,
GSH-PX 7KV IR BEAR, 22 A e it 28 L (F {8
4351k 29.838.7.955, P <C0.05) 5 {F §F 1 v 1 JE 20 .
TR AT R AT 4l MDA KRR T
ERHGITFE X (F=21.931,P<C0.05) ;%% 14~

15
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K. ZRAGI2E (e HAF 5.016~245.1488 Z
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Table 2 Correlation analysis between oxidative stress indicators and the severity of HDP (x 4=s)

R

X2 (n=40)

HDP 24

B 3R 3 755 1ML R 4 (n=4.0)

TR AT (n=140)

I FIRHT 4 (n=140)

ROS(U/mL)
Zp 8~ 1370 Jf]
% 14~20 J
t
P

SOD(U/mL)

Zh §~1375JF
2 14~20 J&
t
P

HO-1(ng/L)
2 8~13"6
2 14~20 JH
t
P

GSH-PX(U/L)

2 §~1315Ji
2 14~20 J#
t
I3

MDA (pmol/L)

ZE8~1375J
A1 14~20 JH
t
P

214.83£10.92
213.374+13.37
0.535

0.594

90.33+5.38
90.84+£4.25
0.470

0.639

1264.152£102.00
1240.95£109.14
0.982

0.329

63.854+7.02
61.7946.29
1.382

0.171

5.354+1.17
5.64+1.15
1.118

0.267

217.18+2.67
612.05£10.40"
232.590

<<0.001

87.5346.96"
80.4245.65"
5.016

<<0.001

1239.91£84.56
862.18+102.28"
18.002

<<0.001

60.6948.15"
60.214+4.10
0.333

0.740

5.514+1.27
7.6241.00"
8.256

<<0.001

215.45+13.24
628.43+10.51"7
154.511

<<0.001

82.96£7.11"%

¥

73.44+4.41"
7.196

<<0.001

1225.32£92.67
726.83+77.30"F
26.125

<<0.001

56.8218.39 "
54.44£3.74 "%
1.639

0.105

8.44+1.00"%
9.840

<£0.001

216.56£3.81
642.83+10.30 %4
245.488

<20.001

77.13+£7.11%4
60.82+6.13 %~
10.988

<£0.001

1229.72£82.67
604.68+76.07 "4
35.188

<<0.001

55.6647.41"%
49.0543.01 *F4
5.227

<<0.001

7.21+1.12*74
9.4040.91 74
9.598

<£0.001
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2.3 ZEEEAF AN EHIEIRS HDP &%

BZA 4 14 ~20 Ji 1) ROS, SOD, HO-1,
GSH-PX.MDA /KF, t# # Z [ & Logistic [a] 4 #
BB HER AR S A X R IR AR R . AL IE
RALFRAERY 2277 b L 22 BMI, 22 )38 fin Ak &, 2 L
W2 B A, 22T 22 8~ 13 S E A4 14~ 20 A I
L, 8~13"" Ay S/D.PI.RI,ROS,.SOD,HO-1,

GSH-PX. MDA, A Je 42 8~13"°J& . 2% 14~20 A HY

JREH & . KIER (B 5) BoR 722 14~20 A1

16

ROS.MDA Jj& HDP & 4: (7l 37 fa s [ % (OR {H 4%
W 1.917.1.818, P<<0.05),SOD,HO-1,GSH-PX
EMST AR R (OR {E 485120 0.128,0.121,0.149,
P<0.05); B 5 B & KF T S AR R AR Ar S5
HDP Az U 9 5 35 2402t AH R 36 (P <Z0.05) ,
W 3,
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Table 3 Multivariate Logistic regression analysis of the association between oxidative stress indicators and the risk of HDP

EisE

R IEHER

HIHL 1

iR 2 B 3

D 4

HIHL 5

ROS(U/mL)
Q; (<X590)
Q. (590~<1610)
Q; (610~<1620)
Q, (620~<1630)
Qs (=630)
P
SOD(U/mL)
Qi (<<70)
Q, (70~<C75)
Qs (75~<79)
Q, (79~<85)
Qs (=85)
P s
HO-1(ng/L)
Q; (<<700)
Q. (700~<C750)
Q5 (750~<840)
Q, (840~<C1 020)
Qs (=1 020)
P s
GSH-PX(U/L)
Q; (<50)
Q. (50~<54)
Qs (54~<58)
Q,(58~<T61)
Qs (=61
Piegs
MDA (gmol/L)
Q (<<5.8)
Q; (5.8~<78.0)
Q3 (8.0~<18.3)
Q,(8.3~<28.9)
Qs (=8.9

Piegs

1.355(1.034~1.627)

1.416(1.117~1.703)

1.527(1.204~1.717)

1.622(1.141~1.813)

0.002

0.762(0.156~1.584)

0.645(0.414~0.957)

0.571(0.342~0.821)

0.416(0.165~0.872)

0.003

0.364(0.134~0.548)

0.284(0.152~0.842)

0.207(0.106~0.584)

0.135(0.018~0.265)

0.001

0.432(0.214~0.657)

0.407(0.121~0.825)

0.368(0.144~0.862)

0.294(0.108~0.792)

0.011

1.591(1.120~1.842)

1.662(1.246~1.872)

1.687(1.208~1.832)

1.714(1.124~1.879)

0.002

1.426(1.135~1.598)

.521(1.308~1.926)

—

.567(1.414~1.689)

1.627(1.243~1.907)

0.002

0.693(0.248~0.955)

0.574(0.226~0.797)

0.612(0.145~0.872)

0.465(0.314~0.942)

0.002

0.406(0.152~0.972)

0.325(0.204~0.648)

0.265(0.201~0.481)

0.212(0.048~0.752)

0.010

0.396(0.134~0.842)

0.354(0.301~0.721)

0.298(0.135~0.857)

0.167(0.145~0.468)

0.005

1.498(1.246~1.846)

1.573(1.421~1.783)

1.626(1.287~1.892)

1.709(1.235~1.798)

0.002

Reference
1.512(1.037~1.827)  1.621(1.168~1.798)
1.564(1.332~1.778)  1.661(1.256~1.872)
1.621(1.314~1.985)  1.752(1.233~1.975)
1.821(1.634~2.014)  1.889(1.702~2.221)

0.001 0.001

Reference
0.693(0.241~0.892)  0.413(0.172~0.624)
0.581(0.342~0.825)  0.335(0.137~0.516)
0.462(0.314~0.985)  0.208(0.199~0.761)
0.347(0.310~0.857)  0.168(0.106~0.724)
0.002 0.001
Reference
0.366(0.124~0.625)  0.412(0.156~0.755)
0.327(0.176~0.658)  0.354(0.121~0.785)
0.259(0.054~0.424)  0.297(0.157~0.545)
0.168(0.067~0.358)  0.188(0.137~0.642)
0.007 0.009
Reference
0.401€0.264~0.842)  0.397(0.342~0.981)
0.395(0.147~0.726)  0.306(0.204~0.682)
0.240€0.152~0.527)  0.254(0.115~0.687)
0.129(0.004~0.615)  0.162(0.152~0.842)
0.001 0.004
Reference
1.511(1.134~1.782)  1.538(1.305~1.798)
1.592(1.430~1.783)  1.627(1.275~1.982)
1.673(1.564~1.825)  1.681(1.426~1.792)
1.752(1.582~1.897)  1.854(1.355~2.357)

0.005 0.001

1.557(1.246~1.827)

1.624(1.116~1.743)

1.774(1.405~1.826)
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Fig.1 Nomogram prediction model for the risk of HDP
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Tab.4 Comparison of model discrimination before and after validation

EiER AUC RAGE Y0 S A CZD) HERG R (%) A 4 ol {1 9 1 i 0] {1
1oAY 0.837(0.816~0.871) 91.69 87.38 93.26 0.526 0.931
Bootstrap % 0.864(0.835~0.894) 93.28 86.12 94.01 0.514 0.947
B 100
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E
B
w40
20 20
L/ \ \
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=5 R (%) 1 — 45 7B (%)

o ACIRAIERT ;B 3RS .
B2 JLERBEIEE ROC H&E
Fig.2 ROCcurve of the nomogram model before and after validation
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