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Abstract
Background
To determine the relationship between the levels of stress biomarkers in cord blood and preeclampsia
in a hospital-based population of pregnant patients, and to evaluate the resulting effects on
pregnancy outcomes.

Measures:
This prospective case-control study included a total of 282 severe preeclamptic and 534 normal
pregnant women. Fetal blood was collected from the umbilical cord at delivery and was utilized for
Malonaldehyde (MDA), reactive oxygen species (ROS, superoxide dismutase (SOD) and homocysteine
(Hcy) analysis. For a better assessment, we performed a univariate general linear regression model to
control for potential confounders and determined the underlying influencing factors for high MDA and
ROS. Moreover, a receiver operating characteristic curve analysis was conducted to determine the
cutoff values for identifying severe preeclampsia. Further, the severe PE group was divided into the
low or high MDA and low or high ROS subgroups according to their cut-off values. Finally, we created
logistic regression models to estimate the adjusted odds ratio for each perinatal outcome in high-MDA
and -ROS subgroup.

Results
MDA and ROS levels are higher in women with severe preeclampsia than in normotensive pregnant
patients. However, when adjusted for cord blood Hcy levels, the difference is insignificant.
Additionally, both MDA (r = 0.359, p < 0.001) and ROS (r = 0.473, p < 0.001) are positively correlated
with cord blood Hcy level. The AUCs of MDA and ROS levels were 0.65 (95% CI: 0.60–0.69) and 0.88
(95% CI: 0.86–0.90), respectively, for predicting severe PE. Higher MDA and ROS levels are associated
with increased risks of low Apgar score, admission to the NICU, and assisted ventilation for the
newborn.

Conclusion
Increased levels of cord blood oxidative stress markers are significantly associated with negative
effects on newborns. High cord blood Hcy levels might be involved in the observed elevated MDA and
ROS concentrations in women with severe PE.

Introduction
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Preeclampsia (PE) is a leading pregnancy complication that adversely affects maternal, fetal, and
neonatal health [1]. Although the pathogenesis of this disease remains to be elucidated, generalized
endothelial dysfunction accounting for impaired placenta function is known to play a role in PE [2],
and is characterized by abnormal placentation and reduced placental perfusion [3]. Evidence
suggests that poor trophoblast invasion of the spiral arteries during the placentation process [4] leads
to a failure to transform the placental bed arteries from high resistance to low resistance vessels. This
results in local ischemia, reperfusion damage, and oxidative stress (OS) [5]. Several hypotheses relate
the cellular process of oxidative stress to endothelial dysfunction in PE [6]. The presence of hypoxia
leads to oxidative stress due to an imbalance between increased reactive oxygen species (ROS)
formation and defects in antioxidant defence mechanisms, thereby causing damage to the placenta
[7]. Impaired placenta function can lead to preeclampsia and foetal growth restriction secondary to
hypoxia [8].
Previous clinical studies have determined maternal and foetal serum homocysteine (Hcy) levels to be
significantly higher in patients with severe preeclampsia compared to control groups [9]. These
findings suggest that high serum Hcy may be an independent predictor of severe preeclampsia during
pregnancy. Recent evidence suggests that increased Hcy levels lead to cellular oxidative stress,
stimulate reactive oxygen species (ROS) production, and cause generalized endothelial dysfunction,
which are common risk factors for PE [10]. Excessive oxidative stress products may play a role in
contributing to worsened neonatal outcomes [11]. Though there are numerous reports on maternal
oxidative stress in the context of preeclampsia, comprehensive studies evaluating malonaldehyde
(MDA), superoxide dismutase (SOD), and ROS levels and their correlation with neonatal outcomes are
fewer.
The purpose of our study is to determine the relationship between foetal cord blood Hcy, MDA, SOD,
and ROS and PE in a hospital-based population, and to investigate whether the association between
cord blood MDA and ROS and PE is influenced by cord blood homocysteine levels. Furthermore, this
study evaluates the impact of higher MDA and ROS levels on perinatal outcomes.

Materials And Methods
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Study Population Sample
This is an observational, prospective case-control study. Eight hundred and sixteen singleton
pregnant women who were treated at the Affiliated Fuzhou First Hospital of Fujian Medical University
between November 2017 and November 2019 were included in this study. Of the participants, 282
were diagnosed with severe PE and 534 were diagnosed as having a normotensive pregnancy. A
diagnosis of severe PE was based on one or more of the following criteria: systolic blood pressure ≥
160 mmHg or diastolic blood pressure ≥ 110 mmHg on two occasions separated by at least 6 hours
after 20 weeks gestation; proteinuria ≥ 5 g in 24 hours or ≥ 3 g on dipstick; oliguria (≤ 500 mL in 24
hours); cerebral or visual disturbances; epigastric pain; thrombocytopenia; increased liver enzyme
serum levels; pulmonary oedema or cyanosis; uteroplacental dysfunction; foetal growth restriction;
and eclampsia [1, 12]. Each patient routinely received folic acid supplementation during the first
trimester of her pregnancy. No patient had a history of pre-existing hypertension, mild preeclampsia,
gestational hypertension, gestational diabetes, type 1 or type 2 diabetes mellitus, seizure disorders,
renal or liver diseases, infectious diseases, treatment with antifolate drugs (such as antiepileptics or
methotrexate), pregnancy with thyroid dysfunction, or intrahepatic cholestasis of pregnancy. Each
participant provided informed consent after receiving a detailed description of the research purpose
prior to study enrolment. This study was approved by the Ethics Committee of Affiliated Fuzhou First
Hospital of Fujian Medical University and conducted in accordance with the Declaration of Helsinki.
Our obstetrics department provided complete prenatal care to each patient. Demographics, obstetric
history, perinatal data, delivery, and newborn outcomes were recorded by two trained research
obstetricians from Fuzhou Maternal And Child Health Care System. Maternal serum Hcy levels at the
first trimester (the first prenatal appointment between 8–12 weeks), the second trimester (24–28
weeks), and the third trimester (admission to the hospital for delivery) were recorded.

Cord Blood Sample Collection and Markers Measurement
Umbilical cord blood samples were obtained by clamping the umbilical vein immediately after delivery
and drawing blood into ethylene diamine tetraacetic acid tubes. All specimens were directly
processed within two hours for MDA, ROS, SOD, and Hcy analysis, which were detected by
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thiobarbituric acid reaction, xanthinoxidase method, luminol-enhanced chemiluminescence, and
enzyme linked immunosorbent assay, respectively, with commercially available kits according to the
manufacturer’s instructions. Lab staff was blind to the identity of the sample.

Statistical Analyses
We analysed the data distribution using the Kolmogorov-Smirnov and Shapiro Wilk tests. Continuous
variables were expressed as mean ± standard deviation (SD) or median (interquartile range), as
appropriate, and were compared using Student’s t-test or the Mann-Whitney U test. Categorical data
were expressed as numbers (per cent), and compared using the χ2 test or Fisher’s exact test. We
calculated mean differences in the levels of MDA, SOD, and ROS based on the univariate general
linear regression model with adjustment for confounding factors. Pearson correlation analysis was
conducted to determine the correlations between cord blood Hcy levels and MDA and ROS levels. The
optimal cut-off values for predicting severe PE were obtained using ROC curve analysis. Each optimal
cut-off point was assessed via searching for the maximum value of the Youden index.
Moreover, adjusted linear regression or logistic regression analyses were used to explore newborn
outcomes among different MDA and ROS level groups to control for certain confounders. Effects were
described as odds ratio (OR) for logistic regressions and unstandardized regression coefficient (B) for
linear regressions, both with 95% confidence intervals (CIs). All statistical analyses were conducted
using the statistical software SPSS version 19.0 (SPSS, Inc.; Chicago, IL, USA). All of the tests were
two-sided and statistical significance was set at P < 0.05.

Results
Background Characteristics of the Study Population
The patients’ clinical and demographic characteristics are presented in Table 1. Maternal age and prepregnancy body mass index (BMI) are similar between the two groups. The mean diastolic blood
pressures (PE group, 161.03 mmHg; normotensive group, 105.12 mmHg; P < 0.001) and systolic blood
pressures (PE group, 100.71 mmHg; normotensive group, 80.46 mmHg; P < 0.001) are significantly
greater in the severe PE than in the control subjects (data not shown). Proteinuria is detected only in
patients with severe PE. However, the total cholesterol (TC) and haemoglobin (HB) in patients with
severe PE are lower than in normotensive patients. The incidence of placental abruption is higher in
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patients with severe PE than in normal pregnancies (3.19% vs. 0.37%; P = 0.003). Patients with
severe PE have significantly elevated Hcy concentration in the first, second, and third trimesters of
pregnancy, and in the umbilical cord blood. Newborns of patients with severe PE have significantly
higher incidence rates of premature birth (< 37 weeks) and low 5-minute Apgar scores (< 8), higher
NICU admission rates, higher rates of assisted ventilation, and lower birth weights (P < 0.001).

Higher Cord Blood MDA and ROS levels in severe PE women
Compared with the control group, patients with severe PE exhibited higher MDA (1.17, 95% CI: 1.09–
1.11) and ROS levels (2.94, 95% CI: 2.58–3.30). And after adjustment for maternal characteristics
(age, BMI, gravidity, parity, and Hcy levels in the first and second trimesters), pregnancy
complications (placenta praevia, placental abruption, and PROM), maternal metabolic indicators (TC,
HDL, LDL, and HB), and foetal factors (gestational age, sex, birth weight, mode of delivery, anodyne
labour, labour time, and postpartum haemorrhage), this result was still consistently observed in the
two groups
(Model 1). When the data is adjusted for Hcy level at the time of admission, the difference in MDA
(1.06, 95% CI: 0.64 to 1.73) disappeared between the two groups(Model 2). The differences remained
insignificant after additional adjustment for cord blood Hcy levels (MDA = 1.03, 95% CI: 0.89–1.87;
ROS = 1.85, 95% CI: 0.73 to 2.44) (Table 2) (Model 3). SOD levels are lower in patients with severe PE
compared to normotensive patients, but the difference is not statistically significant.
In addition, linear correlation analysis indicates a strong positive correlation of cord blood Hcy levels
with MDA (r = 0.359, P < 0.001; Fig. 1a) and ROS levels (r = 0.473, P < 0.001; Fig. 1b). The cord blood
Hcy levels are significantly correlated with the maternal levels in the third trimester (r = 0.78; P <
0.001).

Higher Cord Blood MDA and ROS levels are Associated with Worse Outcomes
Subsequently, using cut-off values of 6.67 µmol/L and 4.59 µmol/L, MDA and ROS predict severe PE
with a sensitivity of 39% and 90.3%, and a specificity of 93.6% and 63.7%, respectively (ROC areas
under curve: 0.65, 95% CI: 0.60–0.69, P < 0.001; and 0.88, 95% CI: 0.86–0.90, P < 0.001; Fig. 2). To
further investigate whether high MDA and ROS levels cause adverse neonatal outcomes, we divided
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the patients in the severe PE groups according to levels of oxidative stress biomarkers: low MDA (<
6.67 µmol/L, n = 174) or high MDA (≥ 6.67 µmol/L, n = 108), and low ROS (< 4.95 µmol/L, n = 43) or
high ROS (≥ 4.95 µmol/L, n = 239). We adjusted for maternal characteristics (age, BMI, gravidity,
parity, and Hcy levels in pregnancy), pregnancy complications (placenta praevia, placental abruption,
and PROM), maternal metabolic indicators (TC, HDL, LDL, and HB), and cord blood Hcy level. The
adjusted odds of having a low Apgar score (< 8) is greater for patients with high MDA (1.25, 95% CI:
1.02–2.03) and high ROS (1.69, 95% CI: 1.21 to 2.63). Finally, infants born to patients with high MDA
and high ROS show greater risk of admission to the NICU and requirement of assisted ventilation than
infants born to patients with low MDA and low ROS (Tables 3 and 4).

Discussion
This study demonstrates that severe PE significantly increases MDA and ROS levels in cord blood.
Even more importantly, this is the first study to report a correlation between increased MDA and ROS
blood levels and neonatal outcomes in mothers with severe PE.
Elevated levels of circulating Hcy have been considered to be a risk factor for endothelial dysfunction
and preeclampsia [13], and endothelial cell activation or dysfunction are the most popular hypothetic
factors in the etiopathogenesis of preeclampsia [6]. Consequently, it has been suggested that
hyperhomocysteinaemia during pregnancy may contribute to the occurrence of preeclampsia. In this
study, we found that maternal Hcy levels during pregnancy and cord blood Hcy levels are significantly
higher in patients with severe PE compared to levels found in normotensive patients. We also found a
correlation between maternal and cord blood Hcy levels, with the latter levels being significantly
lower. Our results align with those of several previous studies [14]. In past studies, we found that
maternal serum Hcy levels are maintained within the normal range in normotensive women during
pregnancy, and that Hcy levels decline as the pregnancy progresses. On the contrary, serum Hcy
levels increase with the degree of disease and the gestational age of pregnancy in patients with
severe PE (data not published). Therefore, high serum Hcy is an independent predictor of severe
preeclampsia during pregnancy.
We also found higher levels of TC and a higher ratio of placental abruption in patients with severe PE
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compared to normotensive patients. In addition, while maternal age and BMI are reported to be risk
factors of PE, there is no significant difference between the two groups for these parameters.
Maternal age and BMI, as well as other known risk factors, were accounted for using multiple logistic
regression to eliminate confounding factors.
Preeclampsia is linked to impaired endothelial function, which originates from production of
inflammatory and cytotoxic factors by ischemic placenta [15], and results in systemic oxidative stress
(OS) [16]. The increased products of oxidative stress, which have been reported in several metaanalyses, may be an underlying mechanism for endothelial dysfunction in preeclampsia. Previous
studies detected increased oxidative stress in plasma and placental tissue in mothers with PE [17].
Increased oxidative stress in patients with PE might induce ROS and xanthine oxidase activity. The
hypothesis that free radical generation contributes to endothelial dysfunction in PE is supported by
studies showing an increase in lipid peroxidation and a decrease in antioxidant patterns in patients
with PE [18]. In this study, we found that cord blood levels of the most widely used markers of
secondary end products of lipid peroxidation (such us MDA) and ROS are significantly increased in
patients with severe PE. However, when data was adjusted for cord blood Hcy levels, there was no
significant difference in MDA and ROS levels between patients with severe PE and normotensive
patients. This indicates that cord blood Hcy levels may influence the production of MDA and ROS in
patients with severe PE. Other studies have reported significant increases in oxidative stress,
measured as MDA and ROS, in women with PE [19]. On the contrary, some studies did not find
evidence of significantly elevated markers of oxidative stress in patients with PE [20]. These
differences may be due to variations in study designs and sample sizes.
Previous reports have found a positive correlation between MDA levels and blood pressure [21].
Another study has reported MDA levels to be significantly different between women with either mild
or severe preeclampsia and healthy pregnant women [22]. Increased MDA levels may be an indicator
of cellular damage [23], as it is widely reported that insufficient antioxidant defence systems, marked
by increased MDA levels, plays a role in the pathogenesis of preeclampsia [8]. Another marker of
oxidative stress, ROS, was also found to be significantly increased in preeclamptic placental tissue
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[24] and neonatal cord blood [25] when compared to levels found in normal pregnancies. ROS has
been reported to cause smooth muscles contraction and directly inactivate nitric oxide, an
endothelium derived relaxing factor, thereby affecting vasculartone. Thus, increased levels of MDA
and ROS may play a synergistic role in endothelial and placental dysfunction, resulting in adverse
pregnancy outcomes.
Few studies have described the influence of maternal or foetal oxidative stress on perinatal outcome
[16]. We found that increased foetal oxidative stress biomarkers are strongly associated with adverse
birth outcomes. As neonates do not have well-developed antioxidant defence mechanisms, they are
more susceptible for oxidative stress injury. The combination of elevated MDA and decreased
antioxidant capacity provides a clear indication of the presence of oxidative stress [26]. Briefly,
pregnancy is a precisely coordinated dynamic process that involves systemic and local changes in the
mother to support nutrient and oxygen supply to the baby for growth in utero [17]. However,
increased oxidative stress may disrupt this process and compromise foetal growth and development
[27], resulting in poor pregnancy outcomes [17]. In preeclampsia, ROS accumulation is uncontrolled
[28], resulting in damage to maternal and fetal tissues. A previous cohort study reported a negative
correlation between cord blood levels of oxidative stress markers, gestational age, and birth weight
[29]. Notably, this study found no significant associations between neonatal oxidative stress markers
and birth weight or gestational age, but increased oxidative stress markers were associated with low
Apgar scores (< 8), admission to the NICU, and assisted ventilation. This relationship may be due to
placental ischemia, resulting in reduced oxygen supply, leading to neonatal asphyxia [30].
Our study is not without limitations. The study design led to the exclusion of several participants. This
may have resulted in a selection bias, and our results may not be representative of the general
population. Additionally, Hcy levels can be affected by multiple biochemical influences, such as folic
acid and vitamin B12, which were not considered as confounding factors in this study. Prospective
studies with large sample sizes that evaluate more confounding factors are needed to further
investigate the relationship between Hcy, oxidative biomarkers, and foetal outcomes.

Conclusion
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In summary, we found that elevated cord blood Hcy levels may be an underlying mechanism for the
observed elevated cord blood oxidative stress in women with severe PE, and higher cord blood MDA
and ROS are associated with low Apgar scores (< 8), admission to the NICU, and assisted ventilation
of the newborn.
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Tables
Table 1 Clinical characteristics of the population
sample
Characteristic
severe PE
n = 282
Age, yr
29.01 ± 14.77
Prepregnancy BMI,kg/m2 23.53 ± 2.43
Gravidity,N
2(2,4)
Parity,N
2(1,3)
Metabolic indicators at 3rd
trimester

Total Cholesterol,mmol/L
HDL-C,µmmol/L
LDL-C,mmol/L
HB,g/l
Hcy level at 1st
trimester,µmol/l
Hcy level at 2nd
trimester,µmol/l
Hcy level at 3rd
trimester,µmol/l
Cord blood Hcy
level,µmol/l

Complications of pregnancy

normotension
n = 534
29.18 ± 4.62
23.03 ± 2.52
2(1,3)
2(1,2)

P

4.15(3.97,5.87)
1.53(1.22,2.03)
2.44(1.79,3.03)
93.67 ± 11.39
8.92 ± 2.72

2.30(1.86,3.52)
1.87(0.9,1.96)
2.19(1.23,3.46)
96.12 ± 10.92
6.54 ± 1.39

< 0.001
0.466
0.563
0.003
< 0.001

10.39 ± 3.12

5.59 ± 1.49

< 0.001

16.31 ± 4.74

5.75 ± 1.68

< 0.001

13.42 ± 3.27

5.82 ± 1.65

< 0.001

5(0.94)
2(0.37)
117(21.91)

0.842
0.001
0.165

Placenta previa,N (%)
3(1.06)
Placental abruption,N (%) 9(3.19)
PROM, N (%)
74(26.24)
Delivery data

0.627
0.144
0.348
0.857

Anodyne labor,N (%)
53(18.79)
106(19.85)
0.717
Labor time,hrs
11.4 ± 5.76
10.62 ± 4.67
0.036
Premature birth (< 37
144(51.06)
52(9.74)
< 0.001
weeks)
Gestational age at
35.82 ± 2.97
38.79 ± 1.70
< 0.001
delivery, wk
Birth weight,g
2777.00 ± 577.85
3253.85 ± 438.68
< 0.001
Cesarean section,N (%) 107(37.94)
228(42.70)
0.189
Male,N (%)
151(53.55)
315(56.00)
0.962
Postpartum
362.16 ± 37.84
272.33 ± 59.18
0.798
hemorrhage,ml
Turbid amniotic fluid,N
45(15.96)
79(14.79)
0.66
(%)
Apgar score < 8 at
20(7.09)
3(0.56)
< 0.001
5 min,N (%)
Admission to NICU, N (%) 38(13.48)
4(0.75)
< 0.001
Assisted ventilation,N (%) 24(8.51)
3(0.56)
< 0.001
Abbreviations:PE, preeclampsia; BMI, body mass index;Hcy,homocysteine;PROM, premature rupture of
fetal membranes;
HDL-C, high-density lipoprotein-cholesterol;HB,Hemoglobin;NICU,neontatal
intensive care unit;
Data are mean ± standard deviation,number (percent) or median (interquartile rage). P values were
calculated by independent
Student t-test,Mann-Whitney U,Chi-square test or
Fisher's exact test.
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Tabel 2 Cord blood oxidative stress products evaluation.
variables
Mean difference (95% CI)
Severe PE control
p
Unadjusted Model 1
Model 2
Model 3
n = 282
n = 534
MDA,µmol/L 5.90 ± 1.41 4.72 ± 1.44 < 0.001
1.17(1.09 to 1.12(1.07 to 1.06(0.64 to 1.03 (0.89 to
1.44)
1.57)
1.73)
1.87)
ROS,µmol/L 7.44 ± 2.21 4.50 ± 1.62 < 0.001

2.94(2.58 to
3.30)
-1.62 (-7.18
to 3.95)

2.79(2.16 to
3.41)
-1.62 (-7.18
to 3.95)

2.54 (1.75 to 1.85 (0.73 to
3.32)
2.44)
SOD, U/mL 88.55 ±
91.88 ±
0.112
-6.32
-4.03
25.01
12.89
(-17.05 to
(-12.26 to
4.41)
4.20)
Abbreviations: SOD,Superoxide dismutase;MDA,Malondialdehyde;ROS,Reactive Oxygen Species.Data
are mean ± SD, or mean difference (95% confidence interval).
Unadjusted: uncontrolled for any indicators.
Model 1: controlled for maternal characteristics (age, BMI, gravidity, parity, both Hcy level at 1st and
2nd trimester), pregnancy complications (placenta previa, placental abruption, and PROM), maternal
metabolic indicators (TC, HDL, LDL, HB), and fetal factors (gestational age, sex, birth weight, mode of
delivery, anodyne labor, labor time, and postpartum hemorrhage).
Model 2: Model 1 plus Hcy level at the time of admission.
Model 3: Model 2 plus Hcy level in umbilical cord blood.
Tabel 3 Linear or binomial logistic regression models predicting effect of MDA concentration on birth
outcomes before and after adjustment for
confounding factors.values are linear regression coefficients or logistic regression odds ratios with 95%
confidence intervals.
variables
High MDA
Low MDA
Unadjusted
Adjusted
n = 108
n = 174
p
B/OR (95% p
B/OR (95% p
CI)
CI)
Gestational 35.69 ± 2.83 36.02 ± 3.04 0.379
0.32(-0.40 0.379
-0.09(-0.47 0.63
age, wk
to 1.04)
to 0.28)
Birth
2771.94 ± 2785.15 ± 0.847
13.21(-121. 0.847
11.96(-70.43 0.69
weight,g
524.72
609.90
54 to
to 106.35)
747.96)
Premature 47(43.52)
97(55.75)
0.046
0.94(0.86 to 0.293
2.39(0.60 to 0.99
birth (< 37
1.05)
1.05)
weeks), N
(%)
Premature 12(11.11)
26(14.94)
0.36
0.94(0.82 to 0.424
0.84(0.57 to 0.84
birth (< 34
1.08)
1.13)
weeks), N
(%)
Low birth
19(17.59)
33(18.96)
0.773
0.97(0.85 to 0.627
0.83(0.63 to 0.19
weight (<
1.10)
1.09)
2500 g), N
(%)
Apgar score 13(12.04)
7(4.02)
0.011
1.23(1.01 to 0.039
1.25(1.02to 0
< 8 at
1.51)
2.03)
5 min,N (%)
Admission 28(25.93)
10(5.75)
< 0.001
1.46(1.24 to 0
2.54(1.66 to < 0.001
to NICU, N
1.72)
3.93)
(%)
Assisted
21(19.44)
3(1.72)
< 0.001
1.78(1.39 to 0
3.12(1.31 to 0.03
ventilation,N
2.26)
4.69)
(%)
Abbreviations: OR: odds ratios; CI: Confidence interval;NICU,neontatal intensive care
unit;MDA,Malondialdehyde.
The model was adjusted for maternal age,gravidity,parity, BMI, Hemoglobin,cholesterol,HDL,LDL,Hcy
level at early term delivery,Hcy level at second trimester,
Hcy level at delivery, cord blood Hcy level,and Complications of pregnancy, Anodyne labor, Labor
time,Cesarean section,Postpartum hemorrhage, and Turbid amniotic fluid.
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Tabel 4 Linear or binomial logistic regression models predicting effect of ROS concentration on birth
outcomes before and after adjustment for
confounding factors.values are linear regression coefficients or logistic regression odds ratios with 95%
confidence intervals.
variables
High ROS
Low ROS
Unadjusted
Adjusted
n = 239
n = 43
p
B/OR (95% p
B/OR (95% p
CI)
CI)
Gestational 35.79 ± 2.97 36.05 ± 2.99 0.663
-0.26(-1.40t 0.663
-0.26(-1.31 0.63
age, wk
o 0.89)
to 0.79)
Birth
weight,g

2774.83 ±
566.94

2795.99 ±
479.40

0.848

-21.06(-236. 0.695
72 to
194.59)
1.05(0.95 to 0.197
1.17)

-39.41(-237. 0.85
23 to
157.29)
1.26(0.92 to 0.23
1.75)

Premature 128(53.60) 16(37.21)
0.002
birth (< 37
weeks), N
(%)
Premature 37(15.48)
1(2.33)
0.026
1.21(0.07 to 0.657
1.28(0.75 to 0.75
birth (< 34
1.38)
2.19)
weeks), N
(%)
Low birth
40(16.74)
2(4.65)
0.04
1.61(0.91 to 0.678
1.24(0.78 to 0.98
weight (<
1.48)
2.01)
2500 g), N
(%)
Apgar score 20(8.39)
0(0.00)
0.032
1.79(1.422 < 0.001
1.69(1.21 to < 0.001
< 8 at
to 2.25)
2.36)
5 min,N (%)
Admission 38(15.90)
0(0.00)
0.001
2.13(1.71 to < 0.001
2.39(1.73
< 0.001
to NICU, N
2.64)
to3.30)
(%)
Assisted
24(10.04)
0(0.00)
0.016
2.41(1.80 to < 0.001
3.27(1.83 to < 0.001
ventilation,N
3.23
5.85)
(%)
Abbreviations: OR: odds ratios; CI: Confidence interval;NICU,neontatal intensive care unit;ROS,Reactive
Oxygen Species.
The model was adjusted for maternal age,gravidity,parity, BMI, Hemoglobin,cholesterol,HDL,LDL,Hcy
level at early term delivery,Hcy level at second trimester,
Hcy level at delivery, cord blood Hcy level,and Complications of pregnancy, Anodyne labor, Labor
time,Cesarean section,Postpartum hemorrhage, and Turbid amniotic fluid.

Figures
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Figure 1
(a). Linear correlation analysis indicated a strong positive correlation of cord blood MDA
levels with cord blood Hcy. (b). Linear correlation analysis indicated a strong positive
correlation of cord blood ROS levels with cord blood Hcy.
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Figure 2
The ROC curve to reflect the predictive value of cord blood MDA and ROS for severe
preeclampsia.
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