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ABSTRACT

Background and Aim: Early disturbances in placental angiogenesis contribute to adverse pregnancy out-

comes; however, their biochemical impact on the newborn remains insufficiently understood. This study aimed 

to assess the association between first-trimester angiogenic markers (sFlt-1, PlGF, and the sFlt-1/PlGF ratio; 

MoM was calculated for normalization purposes) and oxidative stress parameters in newborns.

Methods: A total of 48 pregnant women at 11–13 weeks of gestation and their newborns were included. 

Maternal serum levels of sFlt-1, PlGF, and the sFlt-1/PlGF ratio were measured, and MoM values were cal-

culated for the sFlt-1/PlGF ratio for normalization purposes. For neonatal outcome analysis, three angiogenic 

profile groups (normal, borderline, and high angiogenic profile group) were considered. Neonatal biochemical 

parameters included glucose, malondialdehyde (MDA), and dicarbonyl compounds (DK). Statistical analysis 

involved ANOVA with post hoc tests, correlation analysis, and visualization methods.

Results: Women in the high angiogenic profile group showed elevated sFlt-1 and sFlt-1/PlGF ratio and 

reduced PlGF (p < 0.01). Newborns of these mothers had higher MDA and DK levels (p < 0.05), indicating 

increased oxidative stress. A moderate positive correlation was found between maternal sFlt-1/PlGF ratio and 

neonatal DK (r = 0.42; p = 0.031), while MDA and DK were strongly correlated (r = 0.89; p < 0.001). The meta-

bolic group showed a distinct profile with elevated MoM and intermediate angiogenic changes.

Conclusion: First-trimester angiogenic imbalance is associated with oxidative stress in newborns. Early 

angiogenic markers may serve as predictors of neonatal oxidative imbalance, supporting the concept of a 
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Introduction

Preeclampsia and associated placental dysfunction 
remain major challenges in modern obstetric practice, 
accounting for up to 10–15% of maternal mortality 
worldwide and a substantial proportion of preterm 
births (1). A key role in the pathogenesis of pregnancy 
complications is played by an imbalance between pro-
angiogenic and anti-angiogenic factors, which begins 
as early as the first trimester, long before the onset of 
clinical symptoms (2). It is well established that the 
soluble fms-like tyrosine kinase-1 (sFlt-1), a circulat-
ing anti-angiogenic factor, exerts its effects by binding 
vascular endothelial growth factor (VEGF) and pla-
cental growth factor (PlGF), thereby reducing their 
bioavailability (3). Concurrently, decreased levels of 
PlGF, a critical regulator of trophoblast invasion and 
uteroplacental perfusion, contribute to impaired spiral 
artery remodeling, chronic placental hypoperfusion, 
and endothelial dysfunction (4). Numerous studies 
have demonstrated that the sFlt-1/PlGF ratio is not 
only a marker of early preeclampsia but also a useful 
indicator associated with adverse perinatal outcomes 
(5–7). Current clinical guidelines emphasize that first-
trimester screening for preeclampsia should be based 
on a combined approach, including maternal risk fac-
tors, mean arterial pressure, uterine artery Doppler 
indices, and placental growth factor (PlGF), rather 
than the standalone use of the sFlt-1/PlGF ratio. The 
sFlt-1/PlGF ratio is primarily used in later stages of 
pregnancy, particularly for the evaluation of women 
with suspected preeclampsia, rather than for routine 
early screening in asymptomatic populations (8–10). 
In parallel, increasing attention has been paid to early 
biomarkers of neonatal adaptation. Oxidative stress 

indicators, such as malondialdehyde (MDA) and di-
carbonyl compounds (DK), reflect the degree of peri-
natal hypoxia and metabolic stress in the fetus (11). 
Recent studies suggest that neonatal oxidative stress 
is closely linked to early placental dysfunction origi-
nating in the first trimester (12–14). Taken together, 
these findings indicate that a combined assessment 
of maternal angiogenic markers and neonatal oxida-
tive stress parameters may provide additional insight 
into perinatal risk. Therefore, the present study aimed 
to evaluate sFlt-1, PlGF, and the sFlt-1/PlGF ratio 
in pregnant women at 11–13 weeks of gestation and 
to analyze oxidative stress-related biochemical pa-
rameters in their newborns, in order to explore the 
biochemical relationship between maternal angiogenic 
status and neonatal condition.

Patients and Methods

Study design and setting

This observational analytical cohort study was 
conducted between 2023 and 2026 at the Department 
of Obstetrics and Gynecology II, Azerbaijan Medi-
cal University. This study was based on the analysis 
of previously collected clinical and biological data. 
The study aimed to evaluate the relationship between 
first-trimester angiogenic markers and oxidative stress 
parameters in newborns. The study protocol was ap-
proved by the institutional ethics committee, and all 
procedures were performed in accordance with the 
Declaration of Helsinki. Written informed consent 
had been obtained from all participants at the time of 
data collection.

maternal–placental–fetal axis. Integration of angiogenic and metabolic markers may improve the prediction of 

perinatal risks.
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Study population

A total of 48 pregnant women at 11–13 weeks of 
gestation and their 48 newborns were included in the 
study. Eligible participants were women with singleton 
pregnancies within the specified gestational age and 
without severe somatic pathology or chronic inflam-
matory diseases. Women were excluded if they had a 
history of preeclampsia, type I or II diabetes mellitus, 
autoimmune diseases, multiple pregnancy, or use of 
antioxidant medications.

Assessment of angiogenic markers

Venous blood samples were collected in the morn-
ing after overnight fasting. Serum levels of sFlt-1 and 
PlGF were measured using a sandwich enzyme-linked 
immunosorbent assay (ELISA) with certified kits 
(Elabscience, USA) according to the manufacturer’s 
instructions. Optical density was measured using a mi-
croplate reader at 450 nm with reference correction at 
620 nm. The sFlt-1/PlGF ratio was calculated for each 
sample. MoM (multiples of the median) was calculated 
for the sFlt-1/PlGF ratio as the ratio of the measured 
value to the median reference value for the correspond-
ing gestational age, based on regional reference data.

Biochemical parameters in newborns

Glucose, malondialdehyde (MDA), and dicar-
bonyl compounds (DK) were measured in umbilical 
cord serum. Glucose levels were determined using the 
glucose oxidase method. MDA concentration was as-
sessed by the thiobarbituric acid (TBA) reaction, while 
DK levels were determined using a colorimetric assay 
with dinitrophenylhydrazine. All measurements were 
performed using a semi-automated biochemical ana-
lyzer with double calibration.

Group classification based on angiogenic 
and metabolic profiles

Participants were stratified based on their angio-
genic and metabolic profiles. Four groups were initially 
defined. The normal group included women with angi-
ogenic parameters (sFlt-1, PlGF, and sFlt-1/PlGF ra-
tio) within established reference ranges. The borderline 

group comprised patients with moderate alterations in 
angiogenic balance, characterized by a slight increase 
in sFlt-1 and a decrease in PlGF levels. The high an-
giogenic profile group (preeclampsia risk) consisted 
of women with a markedly elevated sFlt-1/PlGF ra-
tio (>150), indicating a pronounced anti-angiogenic 
state. The metabolic group included participants 
with elevated multiples of the median (MoM >1.3),  
reflecting increased metabolic load and potential sub-
clinical metabolic dysregulation. For neonatal outcome 
analysis, participants were classified into three angio-
genic profile groups (normal, borderline, and high 
angiogenic profile group) based on sFlt-1/PlGF ratio 
thresholds. These categories were used for intergroup 
comparisons of neonatal biochemical parameters. 
The metabolic group (MoM >1.3) was considered an 
overlapping phenotype and was analyzed separately 
without inclusion in comparative neonatal outcome 
analysis to avoid misclassification. The applied sFlt-1/
PlGF ratio thresholds were used for analytical group-
ing within this study and should not be interpreted as 
clinically validated first-trimester cut-off values.

Statistical analysis

Data normality was assessed using the Shapiro–
Wilk test. Intergroup differences were analyzed us-
ing one-way analysis of variance (ANOVA) followed 
by Bonferroni post hoc correction. Correlations be-
tween angiogenic and biochemical parameters were 
evaluated using Pearson’s correlation coefficient. Data 
visualization included raincloud plots and correlation 
heatmaps. A p-value <0.05 was considered statistically 
significant. Statistical analyses were performed using 
Python (NumPy, Pandas, SciPy, and Matplotlib librar-
ies). Data distribution was assessed for each variable 
prior to analysis. Due to the exploratory nature of the 
study and sample size, statistical results were inter-
preted with caution.

Results

Angiogenic markers in pregnant women dem-
onstrated substantial variability, reflecting heteroge-
neity in vascular adaptation during the first trimester 
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Specifically, sFlt-1 levels were markedly elevated in the 
high angiogenic profile group compared to the normal 
group, whereas PlGF levels showed a pronounced de-
crease. The sFlt-1/PlGF ratio demonstrated the most 
distinct intergroup differences, highlighting its sen-
sitivity to early placental dysfunction. The metabolic 
group exhibited intermediate angiogenic changes but 
was characterized by higher MoM values and greater 
variability, indicating a distinct metabolic phenotype. 
However, this group was not included in the compara-
tive neonatal outcome analysis, as described above.

Biochemical parameters of newborns also dem-
onstrated considerable interindividual variability 
(Table 3). While most values remained within physio-
logical ranges, a subset of newborns exhibited elevated 
oxidative stress markers, suggesting increased oxida-
tive burden potentially associated with intrauterine 
exposure to placental dysfunction, as well as maternal 
metabolic factors.

The metabolic group was not included in the com-
parative neonatal outcome analysis and was evaluated 
separately. Comparison of neonatal markers across 
maternal angiogenic groups revealed a clear gradient 
of increasing oxidative stress. Newborns from the high 
angiogenic profile group demonstrated significantly el-
evated MDA and DK levels and reduced glucose con-
centrations compared to the normal group (p < 0.001).  

of pregnancy. In most participants, the values corre-
sponded to a favorable angiogenic profile; however, a 
subset of women exhibited signs of an anti-angiogenic 
shift, suggesting potential impairment of placental 
perfusion. The contribution of metabolic factors, re-
flected by MoM values of the sFlt-1/PlGF ratio, was 
also significant, allowing the identification of a sub-
group of patients with relative deviation from the ex-
pected angiogenic balance (Table 1).

The distribution of women across risk categories 
confirmed the presence of a clinically heterogeneous 
population. Although a normal angiogenic profile pre-
dominated, a considerable proportion of participants 
demonstrated borderline or pathological changes. The 
high angiogenic profile group was characterized by the 
most pronounced shift toward anti-angiogenic factors, 
whereas the metabolic subgroup represented a dis-
tinct risk phenotype combining moderate angiogenic 
alterations with a pronounced metabolic component 
(Table 2).

Visual analysis of angiogenic markers across an-
giogenic profile groups is presented in Figures 1–4 
(mean ± SD). Figures 1–4 include all four initially 
defined groups (normal, borderline, high angiogenic 
profile group, and metabolic) to illustrate overall angi-
ogenic and metabolic variability. A progressive pattern 
of angiogenic imbalance was observed across groups. 

Table 1. Angiogenic markers and normalized sFlt-1/PlGF ratio (MoM) in pregnant women at 11–13 weeks of gestation (n = 48)

Parameter Mean ± SD Median Range

MoM (sFlt-1/PlGF ratio) 0.93 ± 0.62 0.80 0.27–3.25

sFlt-1 (pg/mL) 2137.10 ± 1111.48 1555 919–4330

PlGF (pg/mL) 72.19 ± 44.95 63.45 12.7–176.8

sFlt-1/PlGF ratio 63.59 ± 75.41 22.85 7.2–341.5

Note: MoM values refer to the sFlt-1/PlGF ratio normalized to gestational-age-adjusted median values.

Table 2. Distribution of pregnant women according to angiogenic risk categories

Risk category Criteria n %

Normal sFlt-1/PlGF ≤ 30 25 52.1

Borderline sFlt-1/PlGF 30–150   6 12.5

High angiogenic profile group (preeclampsia) sFlt-1/PlGF > 150   8 16.7

Metabolic risk MoM > 1.3   9 18.8
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Figure 1. Maternal sFlt-1 levels across angiogenic groups in the first trimester of pregnancy.

Figure 2. Maternal PLGF concentrations across angiogenic risk categories.
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Figure 3. Distribution of the sFlt-1/PlGF ratio among angiogenic groups.

Figure 4. MoM values across maternal angiogenic and metabolic profiles.
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comparisons. Elevated MoM values of the sFlt-1/
PlGF ratio in this subgroup reflect a relative deviation 
from the expected angiogenic balance rather than a di-
rectly measured metabolic state. Therefore, this group 
was interpreted as an overlapping phenotype with 
intermediate angiogenic characteristics rather than a 
distinct metabolic category. Our results are consist-
ent with these findings, as women in the metabolic 
group demonstrated moderate increases in sFlt-1 with 
relatively preserved PlGF levels. Although this group 
was not included in direct neonatal comparisons, the 
observed biochemical profile suggests a potential con-
tribution of additional regulatory factors influencing 
angiogenic balance and oxidative stress mechanisms. 
This expands current understanding of intrauterine 
stress mechanisms. The increase in MDA and DK lev-
els in newborns from the high angiogenic profile group 
further supports the link between placental dysfunc-
tion and oxidative stress. Previous studies have dem-
onstrated that impaired placental perfusion leads to 
enhanced lipid peroxidation and oxidative damage in 
neonates (11,12). More recent evidence indicates that 
oxidative stress originates in utero and may contribute 
to long-term metabolic programming in the offspring 
(15,16). Furthermore, carbonyl stress has been identi-
fied as a key mechanism linking oxidative damage with 
metabolic disturbances (11,17). Importantly, our study 
demonstrates an association between the maternal 
sFlt-1/PlGF ratio in the first trimester and neonatal 
dicarbonyl levels (r = 0.42; p = 0.031). This finding sug-
gests that DK may represent a more sensitive marker of 
intrauterine oxidative stress compared to MDA, which 
is more closely associated with acute lipid peroxida-
tion. The strong correlation between MDA and DK  
(r = 0.89; p < 0.001) confirms the coordinated activa-
tion of lipid peroxidation and carbonyl stress pathways, 
consistent with previous biochemical studies (13). 

Borderline cases exhibited intermediate values, sup-
porting a progressive relationship between maternal 
angiogenic imbalance and neonatal oxidative stress 
(Table 3). Correlation analysis revealed significant 
associations between maternal angiogenic markers 
and neonatal biochemical parameters, highlighting a 
pathophysiological link between placental dysfunction 
and oxidative stress in the newborn. Strong correla-
tions among neonatal oxidative stress markers further 
reflect coordinated mechanisms of lipid peroxidation 
and carbonyl stress. Overall, these findings suggest 
that the angiogenic profile of pregnancy in the first tri-
mester may be associated with the oxidative status of 
the fetus, highlighting the potential relevance of early 
biochemical assessment.

Discussion

The results of the present study suggest the impor-
tant role of angiogenic imbalance in the pathogenesis 
of early placental dysfunction and contribute to the 
current understanding of the relationship between ma-
ternal angiogenic disturbances and oxidative stress in 
newborns. The observed profile of elevated sFlt-1 and 
reduced PlGF in the high angiogenic profile group is 
consistent with previous studies demonstrating that an 
increased sFlt-1/PlGF ratio is strongly associated with 
early-onset preeclampsia (3,5). In our study, the ratio 
reached values of 150–450, indicating a pronounced 
anti-angiogenic shift already present at 11–13 weeks 
of gestation. These findings support the concept of an 
early “angiogenic window” of placental dysfunction 
described in recent studies (6,7). The metabolic group 
(defined by MoM >1.3) was analyzed as an overlap-
ping phenotype and interpreted separately rather 
than as an independent category in neonatal outcome 

Table 3. Comparison of oxidative stress markers in newborns across across angiogenic groups (n = 48)

Parameter Normal (n = 25) Borderline (n = 6) High angiogenic profile group (n = 8)

Glucose (mmol/L) 4.33 ± 0.38 3.53 ± 0.39* 3.02 ± 0.18***

MDA (µmol/L) 1.66 ± 0.30 2.24 ± 0.35** 2.75 ± 0.33***

DK (µmol/L) 4.80 ± 0.51 6.70 ± 0.54*** 8.53 ± 0.52***

Note: *p < 0.05, **p < 0.01, ***p < 0.001 vs normal group.
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provide additional insight into perinatal outcomes and 
facilitate exploratory classification of maternal–fetal 
conditions. Overall, this study suggests a relationship 
between maternal angiogenic factors and neonatal oxi-
dative stress, highlighting the potential value of inte-
grated biomarker approaches. Further studies in larger 
cohorts with adjustment for confounding factors are 
required to confirm these findings.
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Importantly, our findings suggest that neonatal oxida-
tive stress may be related to maternal angiogenic sta-
tus in early pregnancy, a relationship that has not been 
previously reported. In comparison with global data, 
the proportion of women with angiogenic dysfunction 
in our cohort (17%) is within the range reported for 
early preeclampsia (8–20%), although this comparison 
is descriptive and does not imply equivalence between 
biomarker-defined groups and clinical diagnosis (1). 
However, the degree of angiogenic imbalance ob-
served in our study appears more pronounced, which 
may reflect regional, genetic, or environmental influ-
ences, as suggested in previous population-based stud-
ies (14). The observed associations were not adjusted 
for potential confounding factors (such as maternal 
and perinatal characteristics) and should therefore be 
interpreted with caution. Overall, our findings indicate 
that first-trimester angiogenic imbalance is not only 
a marker associated with maternal risk but may also 
be associated with fetal biochemical status. This study 
suggests a potential integrative model linking mater-
nal angiogenic factors with neonatal oxidative stress, 
highlighting the importance of early biomarker-based 
assessment and opening new perspectives for person-
alized prenatal care. However, the proposed stratifi-
cation should be considered exploratory and requires 
further validation in larger prospective cohorts with 
adjustment for potential confounders. The relatively 
small sample size and subgroup distribution, as well as 
the absence of additional maternal and neonatal char-
acteristics and adjusted analyses, should be taken into 
account when interpreting the results.

Conclusion

The present study demonstrates a significant asso-
ciation between first-trimester angiogenic imbalance 
and increased oxidative stress in newborns. Elevated 
maternal sFlt-1/PlGF ratio was associated with higher 
levels of MDA and dicarbonyl compounds in neonates, 
indicating a link between early placental dysfunction 
and fetal oxidative status. These findings support the 
potential relevance of early angiogenic assessment for 
the evaluation of perinatal outcomes. The combined 
evaluation of angiogenic and metabolic markers may 



Acta BiomedICA 2026; Vol.97, N.3: 18887  DOI: 10.23750/abm.2026.18887 9

classification, diagnosis & management recommendations 
for international practice. Pregnancy Hypertens. 2022;27: 
148-169. doi:10.1016/j.preghy.2021.09.008.

10.	National Institute for Health and Care Excellence (NICE). 
Hypertension in pregnancy: diagnosis and management 
(NG133). [Internet]. London: NICE; 2019 (updated 
2023). Available from: https://www.nice.org.uk/guidance 
/ng133

11.	Perrone S, Tataranno ML, Beretta V, Buonocore G, Gitto E.  
Oxidative stress in fetuses and newborns. Antioxidants 
(Basel). 2024;13(10):1157. doi: 10.3390/antiox13101157

12.	Sultana Z, Qiao Y, Maiti K, Smith R. Involvement of 
oxidative stress in placental dysfunction, the pathophysiol-
ogy of fetal death and pregnancy disorders. Reproduction 
(Cambridge). 2023;166(2): R25-38. doi: 10.1530/REP 
-22-0278

13.	Marseglia L, D’Angelo G, Granese R, et al. Role of oxi-
dative stress in neonatal respiratory distress syndrome. 
Free Radic Biol Med. 2019; 142:132-7. doi: 10.1016 
/j.freeradbiomed.2019.04.029

14.	Guerby P, Tasta O, Swiader A, et al. Role of oxidative stress 
in the dysfunction of the placental endothelial nitric oxide 
synthase in preeclampsia. Redox Biol. 2021; 40:101861.  
doi: 10.1016/j.redox.2021.101861

15.	Huppertz B. Placental origins of preeclampsia: challenging 
the current hypothesis. Hypertension. 2008;51(4):970-5. 
doi: 10.1161/HYPERTENSIONAHA.107.107607

16.	Grzeszczak K, Łanocha-Arendarczyk N, Malinowski W, 
Ziętek P, Kosik-Bogacka D. Oxidative stress in pregnancy.  
Biomolecules. 2023;13(12):1768. doi: 10.3390/biom13121768

17.	Schalkwijk CG, Stehouwer CDA. Methylglyoxal, a highly 
reactive dicarbonyl compound, in diabetes, its vascular 
complications, and other age-related diseases. Physiol Rev. 
2020;100(1):407-461. doi:10.1152/physrev.00001.2019.

References

1.	Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R. 
Preeclampsia. Lancet. 2010;376(9741):631-44. doi: 10.1016 
/S0140-6736(10)60279-6

2.	Burton GJ, Jauniaux E. Pathophysiology of placental-
derived fetal growth restriction. Am J Obstet Gynecol. 
2018;218(2S):S745-S761. doi:10.1016/j.ajog.2017.11.577.

3.	Rana S, Lemoine E, Granger JP, Karumanchi SA. Preec-
lampsia: pathophysiology, challenges, and perspectives. Circ 
Res. 2019;124(7):1094-112. doi: 10.1161/CIRCRESAHA 
.118.313276

4.	Maynard SE, Karumanchi SA. Angiogenic factors and preec-
lampsia. Semin Nephrol. 2011;31(1):33-46. doi: 10.1016 
/j.semnephrol.2010.10.004

5.	Zeisler H, Llurba E, Chantraine F, et al. Predictive value 
of the sFlt-1: PlGF ratio in women with suspected preec-
lampsia. N Engl J Med. 2016;374(1):13-22. doi: 10.1056 
/NEJMoa1414838

6.	Chaemsaithong P, Sahota DS, Poon LC. First trimester 
preeclampsia screening and prediction. Am J Obstet Gy-
necol. 2022;226(2 Suppl):S1071-S1097.e2. doi:10.1016 
/j.ajog.2020.07.020.

7.	Verlohren S, Herraiz I, Lapaire O, et al. The sFlt-1/PlGF 
ratio in different types of hypertensive pregnancy disorders 
and its prognostic potential in preeclamptic patients. Am 
J Obstet Gynecol. 2012;206(1):58.e1-8. doi: 10.1016/j.ajog 
.2011.07.037

8.	Poon LC, Shennan A, Hyett JA, et al. The International 
Federation of Gynecology and Obstetrics (FIGO) initia-
tive on preeclampsia: a pragmatic guide for first-trimester 
screening and prevention. Int J Gynaecol Obstet. 2019;145 
Suppl 1:1-33. doi: 10.1002/ijgo.12802

9.	Magee LA, Brown MA, Hall DR, et al. The 2021 Interna-
tional Society for the Study of Hypertension in Pregnancy 

Copyright: The Author(s), 2026. Licensee Mattioli 1885, Fidenza, Italy. This is an open-access article distributed under the terms of 
the Creative Commons Attribution NonCommercial License (CC BY-NC-4.0).
Disclaimer/Publisher’s Note: The statements, opinions and data contained in this article are solely those of the author(s) and 
contributor(s) and do not necessarily reflect those of their affiliated organizations, the publisher, the editors or the reviewers. The 
publisher and the editors disclaim any responsibility for injury to people or property resulting from any ideas, methods, instructions or 
products mentioned in the content. Any product that may be evaluated in this article, or claim made by its manufacturer, is not guaran-
teed or endorsed by the publisher.


