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Objective: To explore the relationship between changes in oxidative stress markers in pregnant women of advanced maternal age 
with gestational diabetes mellitus (GDM) and adverse pregnancy outcomes and neonatal neurodevelopment, as well as their predictive 
value.
Methods: Two hundred pregnant women of advanced maternal age were selected and divided into Group A (normal blood sugar) and 
Group B (GDM) based on the 75 g (Oral Glucose Tolerance Test) OGTT results. Oxidative stress markers were measured, and 
pregnancy outcomes and neonatal Neonatal Behavioral Assessment Scale (NABA) scores were recorded.
Results: Malondialdehyde (MDA) levels in Group B were higher than those in Group A, while Glutathione (GSH) and Superoxide 
Dismutase (SOD) levels were lower. Group B had higher rates of adverse pregnancy outcomes and neurological abnormalities than 
Group A. The Area Under the Curve (AUC) values for serum MDA, GSH, and SOD levels combined prediction were higher than 
those for individual predictions (P<0.05).
Conclusion: Oxidative stress markers in pregnant women of advanced maternal age with GDM are associated with adverse 
pregnancy outcomes and neonatal abnormalities, and combined prediction has good predictive efficiency (AUC>0.7).
Keywords: pregnant women of advanced maternal age with GDM, oxidative stress markers, pregnancy outcomes, neurodevelopment, 
correlation, predictive value

Introduction
With the continuous exacerbation of the aging population trend, the incidence of advanced maternal age pregnancies is 
gradually increasing.1 Gestational diabetes mellitus (GDM) as a common complication of pregnancy has attracted 
widespread clinical attention.2 GDM was first officially identified by O’Sullivan and Mahan in 19643 and is characterized 
by the onset of high blood sugar levels during pregnancy.4 As global obesity rates continue to soar, the prevalence of 
GDM among pregnant women is increasing, and this condition significantly heightens the risk of numerous pregnancy 
complications.5 Globally, statistics show that about 2% to 10% of pregnant women develop GDM,6 and the prevalence of 
GDM rises with gestational age from 25% in 23rd week of gestation,7 up to 33% in third trimester of pregnancy.8 

Previous large-scale studies have reported obstetric risks related to diabetes, such as macrosomia, hypertension, and 
neonatal hypoglycemia.9–11 Another study by Ye et al identified a significant association of GDM with pregnancy 
complications when adjusted for confounders,12 and a significantly increased risk of developing chronic diseases such as 
diabetes, metabolic syndrome, and cardiovascular disease in GDM patients and their infants has also been found.13
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Oxidative stress has been identified as part of the physiopathology of various diseases, with a particular emphasis on 
metabolic diseases like metabolic syndrome and diabetes, although it is also present in conditions such as obesity and 
pregnancy.14 Oxidative stress leads to the excessive generation of oxygen-free radicals in the body, damaging cell 
membranes, proteins, and nucleic acids, thereby accelerating the development of diabetes-related complications.15 

Robust evidence has shown that GDM is marked by elevated oxidative stress, which may contribute to increased 
cardiovascular risk and postpartum insulin resistance.14,16,17 Oxidative stress plays a key role in the development and 
progression of GDM, creating a vicious cycle with inflammation.14 Therefore, monitoring the changes in oxidative stress 
marker levels in GDM women can help deepen the understanding of the pathogenesis of GDM. This study aimed to 
explore the relationship between the dynamic changes in oxidative stress marker levels in pregnant women of advanced 
maternal age with GDM and adverse pregnancy outcomes. It is hoped that the results of this study can provide more 
effective prediction and intervention strategies for clinical practice to help reduce the occurrence of adverse outcomes in 
pregnant women of advanced maternal age with GDM and their newborns, thereby safeguarding maternal and infant 
health.

Materials and Methods
Sample Source
Two hundred pregnant women of advanced maternal age admitted to our hospital from January 2021 to January 2024 
were selected as the research subjects. (1) Inclusion criteria: Pregnant women aged ≥35 years who attended the obstetrics 
outpatient clinic of our hospital. (2) Exclusion criteria: ① Abnormal pre-pregnancy glucose tolerance, pre-pregnancy 
diabetes, hyperthyroidism or hypothyroidism, hypertension, obesity or overweight prior to pregnancy, or severe liver 
disease; ② Recent use of drugs affecting glucose and lipid metabolism; ③ Cardiovascular diseases, renal or hepatic 
insufficiency, and abnormal lipid metabolism; ④ Incomplete data, including missing key measurements such as glucose 
tolerance test results or oxidative stress markers (eg, MDA, GSH, SOD), lack of complete medical history (eg, age, pre- 
pregnancy BMI, previous pregnancy outcomes), insufficient follow-up information (eg, pregnancy outcomes, neonatal 
assessments like NABA scores), or inadequate documentation of treatments and interventions during the study period. (3) 
Dropout criteria: ① Poor compliance of the subjects; ② Natural dropout or loss to follow-up during the follow-up 
process, resulting in incomplete data; ③ Occurrence of severe adverse events or complications that are not suitable for 
continued participation in the study and are terminated.

This study was approved by the Clinical Experimental Ethics Committee of Shijiazhuang Obstetrics and Gynecology 
Hospital, and all patients were informed and consented to the study, signing informed consent forms. All the methods 
were carried out in accordance with the Declaration of Helsinki. Based on the results of the 75g OGTT, the pregnant 
women of advanced maternal age were divided into Group A (normal blood sugar levels) and Group B (pregnant women 
of advanced maternal age with GDM), with 100 cases in each group. The diagnostic criteria for gestational diabetes 
mellitus during pregnancy referred to the eighth edition of “Obstetrics and Gynecology” published in 2013: Perform a 
75g OGTT at gestational weeks 24 to 28. Pregnant women with blood sugar meeting one of the following criteria are 
diagnosed with GDM: fasting plasma glucose ≥7.0 mmol/l (126 mg/dl)2-h plasma glucose ≥11.1 mmol/l (200 mg/dl) 
following a 75g oral glucose load random plasma glucose ≥11.1 mmol/l (200 mg/ dl) in the presence of diabetes 
symptoms.18

Determination of Oxidative Stress Markers
Venous blood samples were collected from pregnant women at gestational weeks 28, 32, 34, 36, and before delivery to 
measure the levels of serum Malondialdehyde (MDA), Glutathione (GSH), and Superoxide Dismutase (SOD) and 
observe the dynamic changes in oxidative stress levels. Detection methods: Venous blood samples (10 mL) were 
collected from all subjects and centrifuged (2500 rpm, 10 min) to obtain serum for measurement. The levels of MDA 
(thiobarbituric acid reactive substances method), GSH (dithiobisnitrobenzoic acid method), and SOD (pyrogallol auto-
oxidation inhibition method) were detected using an automated biochemical analyzer, following the manufacturer’s 
instructions.
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Follow-Up of Maternal Pregnancy Outcomes and Neonatal Neurodevelopment
A follow-up was conducted for the enrolled pregnant women to record maternal pregnancy outcomes, including: (1) 
Complications during delivery: preterm birth, premature rupture of membranes, chorioamnionitis, uterine rupture, 
postpartum hemorrhage; (2) Mode of delivery: cesarean section, vaginal delivery, assisted vaginal delivery; (3) 
Neonatal outcomes: hypoglycemia, macrosomia, neonatal asphyxia, admission to the Neonatal Intensive Care Unit 
(NICU), congenital defects. Neonatal neurodevelopment was assessed using the Neonatal Behavioral Assessment 
Scale (NABA) score, performed 5 days after birth. The scale ranges from 0 to 40, with higher scores indicating better 
neurological and motor development. Scores ≤35 were considered abnormal. The tests were conducted by the same 
healthcare professional who underwent specialized training and qualification assessment.

Data Analysis
Data were analyzed using SPSS 25.0 software. Normally distributed continuous data are presented as (x� s), and 
between-group comparisons were made using independent samples t-tests, while comparisons at different time points 
within groups were performed using repeated measures analysis of variance. Non-normally distributed continuous data 
are presented as M (QR), and between-group comparisons were made using the Mann–Whitney U-test. Categorical data 
are presented as relative numbers, and between-group comparisons were made using the chi-square test. Pearson 
correlation analysis was conducted to examine the relationship between serum levels of MDA, GSH, and SOD and 
adverse pregnancy outcomes and neonatal neurodevelopment in pregnant women of advanced maternal age with GDM. 
Receiver operating characteristic (ROC) curve analysis was performed to evaluate the predictive efficacy of serum levels 
of MDA, GSH, and SOD for adverse pregnancy outcomes and neonatal neurodevelopment in pregnant women of 
advanced maternal age with GDM, and the area under the curve (AUC) and critical values were calculated. The AUCs 
were compared using non-parametric methods. To explore whether the observed associations between oxidative stress 
markers (MDA, GSH, SOD) and adverse pregnancy outcomes were independent of Body Mass Index (BMI), we 
conducted a multivariate logistic regression analysis. The regression model included oxidative stress markers (MDA, 
GSH, SOD) and BMI as independent variables, with the presence of adverse pregnancy outcomes as the dependent 
variable. A significance level of P<0.05 was considered statistically significant (Table 1).

Results
Demographics of Pregnant Women of Advanced Maternal Age
In addition to 1-hour and 2-hour postprandial blood glucose which showed significant differences between the two 
groups (P<0.001), other baseline data of the two groups were comparable (P>0.05), as shown in Table 2.

Comparison of Oxidative Stress Markers
The MDA levels in Group B were higher than those in Group A from gestational week 28 to before delivery, while GSH 
and SOD levels were lower than those in Group A (P<0.05). The gradual increase in MDA levels and the decrease in 
GSH and SOD levels observed from gestational week 28 to before delivery in both groups suggest that oxidative stress is 
more pronounced in elderly pregnant women with GDM. This statistical significance (P < 0.05) implies that elevated 

Table 1 Multivariate Logistic Regression Summary

Predictor Coefficient (β) Standard  
Error (SE)

z-value p-value

MDA 0.1006 0.1697 0.593 0.553

GSH −0.3481 0.3015 −1.149 0.250
SOD 0.1354 0.4937 0.274 0.784

BMI −0.0317 0.0520 −0.609 0.543
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oxidative stress markers, particularly the lower antioxidant levels in Group B, may contribute to the higher risk of 
adverse pregnancy outcomes associated with GDM, as shown in Tables 3, 4 and 5.

Comparison of Pregnancy Outcomes and Neonatal Neurodevelopment
Group B had higher rates of cesarean section, macrosomia, neonatal hypoglycemia, and neonatal abnormalities compared 
to Group A (P < 0.05). The higher rate of neonatal hypoglycemia in Group B (p = 0.001) indicates that infants born to 
mothers with GDM are at a greater risk of developing metabolic complications. The statistically significant differences 
between the two groups (P < 0.05) further support the hypothesis that oxidative stress plays a role in the adverse 
pregnancy outcomes and neurodevelopmental issues observed in GDM pregnancies, as shown in Table 6.

Table 2 Demographics of Pregnant Women of Advanced Maternal Age (x� s)

Group A (n=100) Group B (n=100) t P

Age (years) 37.49±1.26 37.34±1.09 0.900 0.369
Height (cm) 164.97±5.82 165.71±5.68 0.909 0.364

Gravida/Para 1.36±0.45 1.45±0.37 1.544 0.124

BMI during pregnancy 23.36±1.75 23.14±1.58 0.933 0.351
Gestational age at birth 39.46±1.47 39.13±1.52 1.560 0.120

HbA1c (%) 5.23±0.67 5.41±0.73 1.816 0.070

Fasting blood glucose (mmol/L) 4.79±1.21 (1.47–8.05) 5.13±1.28 (1.23–7.70) 1.930 0.055
1-hour postprandial blood glucose (mmol/L) 6.03±0.50 (4.72–7.13) 7.06±0.72 (5.44–8.67) −11.587 0.000

2-hour postprandial blood glucose (mmol/L) 5.48±0.38 (4.39–6.42) 6.38±0.56 (4.90–7.85) −13.345 0.000
Blood lipids (mmol/L) - - - -

TC 6.59±0.63 6.68±0.74 0.926 0.355

TG 3.13±0.44 3.24±0.48 1.689 0.092
HDL-C 2.94±0.39 3.02±0.36 1.507 0.133

LDL-C 3.42±0.47 3.53±0.65 1.371 0.171

Note: z: z-value; p: p-value.

Table 4 Comparison of GSH Levels (Mg/L) Between Groups A and B at Different Gestational Weeks (x� s, 
Mg/L)

Group n 28 Weeks 32 Weeks 34 Weeks 36 Weeks Before Delivery

A 100 291.86±17.52 281.04±16.35 268.34±15.89 257.42±17.98 239.65±19.84

B 100 247.56±18.62 234.37±14.19 215.96±15.68 194.73±13.86 181.47±25.16

F – F between groups=14.538, F time=22.724, F interaction=17.853
P – P between groups=0.001, P time=0.001, P interaction=0.001

Table 3 Comparison of MDA Levels (Nmol/mL) Between Groups A and B at Different 
Gestational Weeks (x� s, Nmol/mL)

Group n 28 Weeks 32 Weeks 34 Weeks 36 Weeks Before Delivery

A 100 6.97±1.16 8.12±1.43 9.07±1.29 10.43±1.31 11.76±1.13

B 100 15.97±1.35 17.32±1.39 19.86±1.61 21.59±1.42 24.65±1.87

F – F between groups=9.127, F time=15.236, F interaction=12.484
P – P between groups=0.001, P time=0.001, P interaction=0.001
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Relationship Between Serum MDA, GSH, and SOD Levels and Adverse Pregnancy 
Outcomes and Neonatal Neurodevelopment in Pregnant Women of Advanced 
Maternal Age with GDM
Spearman correlation analysis showed that MDA was positively correlated with the rates of cesarean section, macrosomia, 
neonatal hypoglycemia, and abnormalities (P < 0.05). Conversely, GSH and SOD were negatively correlated with these 
adverse outcomes (P < 0.05). These correlations suggest that higher oxidative stress, indicated by elevated MDA and 
reduced GSH and SOD levels, is associated with an increased risk of adverse outcomes in both mothers and newborns. The 
statistical significance (P < 0.05) indicates that the observed associations are unlikely to be due to chance, reinforcing the 
importance of oxidative stress as a contributing factor in GDM-related complications, as presented in Table 7.

Predictive Efficacy of Serum MDA, GSH, and SOD Levels for Adverse Pregnancy 
Outcomes and Neonatal Neurodevelopment in Pregnant Women of Advanced 
Maternal Age with GDM
The ROC curves showed that the AUCs for predicting adverse pregnancy outcomes in older GDM women were 0.687, 
0.646, 0.659, and 0.827 for serum MDA, GSH, SOD levels, and their combination, respectively (P<0.05), as shown in 
Table 8 and Figure 1. These values suggest that while individual markers like MDA, GSH, and SOD have moderate 

Table 5 Comparison of SOD Levels (U/L) Between Groups A and B at Different Gestational Weeks (x� s, U/L)

Group n 28 Weeks 32 Weeks 34 Weeks 36 Weeks Before Delivery

A 100 47.19±3.99 45.73±4.06 43.84±3.95 41.53±3.62 39.27±3.86
B 100 29.35±4.03 27.97±4.12 26.05±3.71 23.86±3.43 21.55±3.27

F – F between groups=10.837, F time=17.486, F interaction=13.195
P – P between groups=0.001, P time=0.001, P interaction=0.001

Table 6 Comparison of Pregnancy Outcomes and Neonatal Neurodevelopment 
Between Groups A and Group B [n(%)]

Pregnancy Outcomes Group  
A (n=100)

Group  
B (n=100)

x² P

Complications During Delivery – – – –
Preterm Birth 12 16 0.664 0.415

Premature Rupture of Membranes 21 26 0.695 0.404

Amniotic Cavity Infection 7 8 0.072 0.788
Uterine Rupture 5 7 0.354 0.551

Postpartum Hemorrhage 17 21 0.519 0.470

Delivery Mode – – 6.876 0.008
Cesarean Section 29 47 – –

Vaginal Delivery 34 22 – –

Assisted Vaginal Delivery 37 31 – –
Neonatal Outcomes – – – –

Neonatal Hypoglycemia 2 14 9.782 0.001

Macrosomia 12 28 8.000 0.004
Neonatal Asphyxia 3 6 0.465 0.495

Admission to NICU 7 11 0.976 0.323

Neonatal Birth Defects 1 2 0.000 1.000
Neonatal Abnormalities 4 27 20.194 <0.001

Note: p: p-value.
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predictive power, their combination significantly improves the predictive accuracy for adverse pregnancy outcomes 
(AUC = 0.827), indicating a strong diagnostic ability. An AUC above 0.8 implies that the combined markers provide a 
reliable means to identify patients at higher risk for complications.

Additionally, the AUCs for predicting neonatal abnormalities were 0.646, 0.605, 0.617, and 0.749 for serum MDA, 
GSH, SOD levels, and their combination, respectively (P<0.05), as presented in Table 9 and Figure 2. Although 
individual markers show a moderate level of prediction (AUCs slightly above 0.6), the combined AUC of 0.749 suggests 
a fairly good predictive ability for identifying neonates at risk of neurodevelopmental abnormalities. This finding implies 
that monitoring the combined levels of these oxidative stress markers in pregnant women with GDM could serve as an 
effective tool for early prediction and potential intervention.

Table 8 Predictive Efficacy of Serum MDA, GSH, and SOD Levels for Adverse Pregnancy 
Outcomes in Pregnant Women of Advanced Maternal Age with GDM

Parameter AUC 95% CI P Sensitivity (%) Specificity (%)

MDA 0.687 0.613–0.848 0.000 78.50 66.30
GSH 0.646 0.589–0.721 0.000 74.40 62.10

SOD 0.659 0.604–0.816 0.000 77.20 67.80
Combined 0.827 0.727–0.923 0.000 89.50 64.60

Note: p: p-value.

Figure 1 ROC curve of serum MDA, GSH, and SOD levels for predicting adverse pregnancy outcomes in pregnant women of advanced maternal age with GDM.

Table 7 Relationship Between Serum MDA, GSH, and SOD Levels and Adverse Pregnancy Outcomes and Neonatal 
Neurodevelopment in Pregnant Women of Advanced Maternal Age with GDM

Parameter Cesarean Section Macrosomia Neonatal Hypoglycemia Neonatal Abnormalities

r P r P r P r P

MDA 0.196 0.037 0.349 0.033 0.263 0.028 0.285 0.031
GSH −0.253 0.094. −0.297 0.041 −0.314 0.034 −0.376 0.028

SOD −0.168 0.065 −0.372 0.029 −0.265 0.023 −0.294 0.025

Note: p: p-value.
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Multivariate Analysis of Oxidative Stress Markers and BMI
The multivariate analysis revealed that none of the oxidative stress markers—MDA, GSH, and SOD—were significantly 
associated with adverse pregnancy outcomes after adjusting for BMI. Specifically, the coefficients for MDA (β = 0.1006, 
p = 0.553), GSH (β = −0.3481, p = 0.250), and SOD (β = 0.1354, p = 0.784) did not reach statistical significance (p > 0.05). 
Similarly, BMI itself was not significantly associated with adverse pregnancy outcomes in this model (β = −0.0317, p = 0.543). 
These findings suggest that, within the context of this analysis, the relationship between oxidative stress markers and adverse 
pregnancy outcomes may not be independently significant when accounting for BMI. Further stratified analyses and interaction 
term evaluations are needed to clarify the potential interplay between GDM, oxidative stress, and BMI.

Discussion
This study investigated the relationship between oxidative stress markers and pregnancy outcomes in advanced maternal age 
women with GDM. We found that serum MDA levels were significantly higher, while GSH and SOD levels were lower in GDM 
patients compared to non-GDM controls. Elevated MDA levels were positively correlated with higher rates of cesarean section, 
macrosomia, neonatal hypoglycemia, and neurodevelopmental abnormalities, while reduced GSH and SOD levels were 
negatively correlated with these adverse outcomes. Our findings align with those of Nakshine and Jogdand,19 who reviewed 
the impact of GDM on maternal and fetal outcomes and found that oxidative stress plays a critical role in increasing risks such as 
preeclampsia and preterm birth. Similarly, Kinnunen et al20 demonstrated that GDM is associated with an increased risk of 
congenital anomalies, further linking oxidative stress to adverse neonatal outcomes. Furthermore, Jadhav et al21 highlighted the 

Table 9 Predictive Efficacy of Serum MDA, GSH, and SOD Levels for Neonatal 
Neurodevelopment

Parameter AUC 95% CI P Sensitivity (%) Specificity (%)

MDA 0.646 0.601–0.794 0.000 72.10 62.40

GSH 0.605 0.531–0.697 0.000 69.80 59.20

SOD 0.617 0.562–0.706 0.000 70.30 60.50
Combined 0.749 0.703–0.868 0.000 84.40 58.70

Note: z: z-value; p: p-value.

Figure 2 ROC curve of serum MDA, GSH, and SOD levels for predicting neonatal neurodevelopment.
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connection between oxidative stress, fatty acids, and neurotrophins in GDM, suggesting that elevated oxidative stress contributes 
to neurodevelopmental abnormalities in newborns. Mei et al22 also found that oxidative stress pathways can lead to neural tube 
defects, providing additional evidence for the role of oxidative stress in adverse neurodevelopmental outcomes. Previous studies 
have established the impact of GDM on adverse pregnancy outcomes and neonatal health, with a particular focus on insulin 
resistance, oxidative stress, and inflammation.14,23,24 Our study’s results are consistent with earlier research demonstrating that 
increased oxidative stress, indicated by elevated MDA and reduced antioxidant defenses like GSH and SOD, is prevalent in GDM 
patients. Studies by Zhang et al25 and Mei et al22 have similarly reported the association of oxidative stress with preterm birth and 
neural tube defects, corroborating our findings on the impact of oxidative stress on neurodevelopmental abnormalities. 
Furthermore, our study also delves into the potential mechanisms behind these observations. The observed oxidative stress in 
GDM patients could be attributed to an imbalance between reactive oxygen species production and antioxidant defenses, leading 
to cellular and tissue damage.26,27 Elevated oxidative stress may trigger inflammatory responses, promote uterine contractions, 
and induce placental dysfunction, contributing to adverse pregnancy outcomes such as preterm birth and macrosomia.28–30 The 
association of MDA, GSH, and SOD with pregnancy outcomes underscores the need for monitoring oxidative stress in GDM 
patients. Early intervention strategies targeting oxidative stress could mitigate adverse outcomes, promoting better maternal and 
neonatal health.31,32

Conclusion
Compared with pregnant women of advanced maternal age with normal blood glucose levels, pregnant women of 
advanced maternal age with GDM have higher serum MDA levels, which are positively correlated with adverse 
pregnancy outcomes and neonatal abnormalities; GSH and SOD levels are lower, and negatively correlated with adverse 
pregnancy outcomes and neonatal abnormalities. The combination of the three has good predictive efficacy for adverse 
pregnancy outcomes and neonatal abnormalities. However, several limitations of this study must be acknowledged. First, 
the relatively small sample size of 200 participants may affect the stability and reliability of the findings. Second, the 
retrospective design has inherent limitations in data acquisition and recording accuracy, potentially impacting the 
comprehensiveness of the results. Third, we did not control for factors such as maternal lifestyle, diet, and weight, 
which might influence oxidative stress markers and outcomes. Additionally, the study focused on MDA, GSH, and SOD, 
which may not fully represent the oxidative stress status, as other relevant indicators were not included. Lastly, the 
study’s findings are based on data from specific regions and populations, limiting generalizability. In summary, while this 
study provides initial insights into oxidative stress in GDM among advanced maternal age women, future research with 
larger samples, improved designs, and broader marker assessments is needed to strengthen these findings.

Future research should consider expanding the sample size and using a prospective design to enhance the reliability of 
findings. Investigating additional oxidative stress markers and controlling for other confounding factors like lifestyle and 
dietary habits will provide a more comprehensive understanding of the mechanisms involved. Further studies across 
diverse populations are recommended to improve the generalizability of the results and to develop targeted interventions 
for reducing adverse pregnancy outcomes in GDM patients.

Funding
Dynamic monitoring of oxidative stress state of high diabetic pregnancy in women of advanced maternal age and its 
predictive value for outcomes.
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