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First-trimester sFIit-1/PIGF ratio and
oxidative stress markers in newborns:
Biochemical associations and early risk
stratification

ULVIYYA SIRAJLI', ELLADA SARIYEVA', SEVDA GULIYEVA®, GUBAHANIM HAJIZADE',
GULTAKIN JAVADOVA', GULNAR BABAYEVA', FARIDA GURBANOVA'

JDepartmenl of Obstetrics and Gynecology 11, Azerbaijan Medical University, Baku, Azerbaijan; ZScientiﬁc Research Center,
Azerbaijan Medical University, Baku, Azerbaijan

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, PIGF, and the sFlt-1/PIGF 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 sFit-1, PIGF, and the sFlt-1/PIGF ratio were measured, and MoM values were cal-
culated for the sFlt-1/PIGF 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/PIGF ratio and
reduced PIGF (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/PIGF 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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perinatal risks.

sFIt-1/PIGF ratio

maternal-placental—fetal axis. Integration of angiogenic and metabolic markers may improve the prediction of
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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 (PIGF), thereby reducing their
bioavailability (3). Concurrently, decreased levels of
PIGF, 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/PIGF 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 (PIGF), rather
than the standalone use of the sFlt-1/PIGF ratio. The
sF1t-1/PIGF 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, PIGF, and the sFlt-1/PIGF 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.
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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
PIGF 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 sFIt-1/PIGF ratio was calculated for each
sample. MoM (multiples of the median) was calculated
for the sF1t-1/PIGF 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, PIGF, and sF1t-1/PIGF 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 PIGF levels. The high an-
giogenic profile group (preeclampsia risk) consisted
of women with a markedly elevated sFlt-1/PIGF 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/PIGF 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 sF1t-1/
PIGF 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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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/PIGF 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.

Specifically, sF1t-1 levels were markedly elevated in the
high angiogenic profile group compared to the normal
group, whereas PIGF levels showed a pronounced de-
crease. The sFlt-1/PIGF 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-
interindividual  variability

(Table 3). While most values remained within physio-

onstrated considerable
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).

Table 1. Angiogenic markers and normalized sF1t-1/PIGF ratio (MoM) in pregnant women at 11-13 weeks of gestation (n = 48)

Parameter Mean + SD Median Range
MoM (sF1t-1/PIGF ratio) 0.93 + 0.62 0.80 0.27-3.25
sFlt-1 (pg/mL) 2137.10 £ 1111.48 1555 919-4330
PIGF (pg/mL) 72.19 + 44.95 63.45 12.7-176.8
sF1t-1/PIGF ratio 63.59 + 75.41 22.85 7.2-341.5
Note: MoM values refer to the sFlt-1/PIGF ratio normalized to gestational-age-adjusted median values.
Table 2. Distribution of pregnant women according to angiogenic risk categories
Risk category Criteria n %
Normal sF1t-1/PIGF < 30 25 521
Borderline sF1t-1/PIGF 30-150 6 12.5
High angiogenic profile group (preeclampsia) sFlt-1/PIGF > 150 8 16.7
Metabolic risk MoM »> 1.3 18.8
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Figure 1. Maternal sFlt-1 levels across angiogenic groups in the first trimester of pregnancy.
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Figure 2. Maternal PLGF concentrations across angiogenic risk categories.
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Figure 3. Distribution of the sF1t-1/PIGF ratio among angiogenic groups.
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Figure 4. MoM values across maternal angiogenic and metabolic profiles.



ACTA BIOMEDICA 2026; VOL.97, N.3: 18887 DOI: 10.23750/ABM.2026.18887 7

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 (umol/L) 1.66 = 0.30 2.24 £ 0.35™ 2.75 +0.33"*
DK (pmol/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.

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 PIGF in the high angiogenic profile group is
consistent with previous studies demonstrating that an
increased sF1t-1/PIGF 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

comparisons. Elevated MoM values of the sFlt-1/
PIGF 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 PIGF 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
sF1t-1/PIGF 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).
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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 sF1t-1/PIGF 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

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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