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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background/Objectives: Preterm birth is associated with 

substantial neonatal morbidity, while relationships between 
maternal and neonatal biochemical characteristics and neonatal 
outcomes remain incompletely understood. This study 
investigated mother–newborn homocysteine relationships and 
associations of homocysteine and neonatal S100B with in-
hospital neonatal outcomes.

Methods: This prospective multicenter cohort included 280 
mother–newborn pairs with singleton preterm births at 22+0–
36+6 weeks. Maternal and umbilical cord blood homocysteine 
and neonatal S100B were assessed. A selected composite of 
IVH, invasive mechanical ventilation from birth, congenital 
or neonatal pneumonia, EOS, or LOS was analyzed post 
hoc. Separate adjusted logistic models evaluated maternal 
homocysteine, cord-blood homocysteine, and S100B, each 
with gestational age and birth weight; a combined five-variable 
model was retained as a sensitivity analysis.

Results: The selected composite occurred in 185/280 infants 
(66.1%). Maternal and umbilical cord blood homocysteine 
concentrations were strongly correlated (ρ = 0.663; p < 
0.001). In separate adjusted models, maternal homocysteine 
(aOR 1.057, 95% CI 0.989–1.130; p = 0.100), cord-blood 
homocysteine (aOR 1.021, 95% CI 0.949–1.099; p = 0.574), 
and neonatal S100B (aOR 0.981 per 10-ng/L increase, 95% CI 
0.947–1.016; p = 0.278) were not independently associated with 
the composite. Gestational age and birth weight were inversely 
associated with the composite in each model. The combined 
model and sensitivity analyses yielded consistent biomarker 
findings.

Conclusions: Maternal and umbilical cord blood homocysteine 
concentrations were strongly correlated, supporting a close 
maternal–fetal metabolic relationship; however, maternal 
homocysteine, cord-blood homocysteine, and neonatal S100B 
were not independently associated with the selected composite 
of in-hospital neonatal morbidity after adjustment for gestational 
age and birth weight.

Key words. Preterm birth, homocysteine, S100B, neonatal 
outcomes, prematurity.
Introduction.

Preterm birth, defined as delivery before 37 completed weeks 
of gestation, remains a major cause of neonatal morbidity 
and mortality worldwide [1,2]. Despite advances in perinatal 
and neonatal care, preterm infants remain at increased risk of 
respiratory, neurological, infectious, and other complications 
related to physiological immaturity [3]. Gestational age and 

birth weight are strongly associated with neonatal outcomes; 
however, infants born at similar gestational ages and with 
comparable birth weights may experience different clinical 
courses. This variability has stimulated interest in biological 
markers that may reflect maternal–newborn relationships and 
neonatal adaptation after preterm birth.

Homocysteine is a sulfur-containing amino acid involved in 
methionine and one-carbon metabolism. Elevated maternal 
homocysteine concentrations have been associated with 
endothelial dysfunction, oxidative stress, impaired placental 
function, and adverse pregnancy outcomes [4-6]. Maternal 
metabolism may also influence fetal homocysteine status, 
making paired maternal and umbilical cord blood measurements 
relevant for evaluating maternal–fetal metabolic relationships. 
However, evidence regarding the relationship between maternal 
and neonatal homocysteine concentrations and neonatal 
morbidity following preterm birth remains limited.

S100B is a calcium-binding protein predominantly expressed 
by astrocytes and is released in response to cellular stress and 
injury. Circulating S100B has been investigated as a biomarker 
of neonatal neurological injury, including hypoxic–ischemic 
brain injury and intraventricular hemorrhage (IVH) [7-11]. 
Preterm infants may be particularly relevant for S100B 
assessment because neurological vulnerability increases with 
decreasing gestational maturity. Nevertheless, the relationship 
between early neonatal S100B concentrations and subsequent 
complications among preterm infants remains incompletely 
characterized.

Despite increasing interest in biochemical characteristics 
of preterm newborns, data integrating paired maternal and 
umbilical cord blood homocysteine concentrations and neonatal 
S100B within the same prospective cohort remain limited. 
Examining these measures together may clarify maternal–
newborn biochemical relationships and their associations with 
the neonatal clinical course.

Therefore, this study aimed to investigate the relationship 
between maternal and umbilical cord blood homocysteine 
concentrations and to examine the associations of maternal 
homocysteine, cord-blood homocysteine, and neonatal S100B 
with in-hospital neonatal outcomes among preterm infants.
Materials and Methods.
Study design and Setting:

This prospective multicenter observational cohort study was 
conducted between January and December 2025 at two tertiary 
referral perinatal centers in Almaty, Kazakhstan: The Center 
of Perinatology and Pediatric Cardiac Surgery and Perinatal 
Center No. 3.
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Consecutive women with singleton pregnancies who delivered 
preterm infants between 22+0 and 36+6 weeks of gestation were 
prospectively enrolled together with their newborns. A total of 
280 mother–newborn pairs met the eligibility criteria and were 
included in the final analysis.
Ethical Considerations:

The study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Local Ethics Committee 
of the Center of Perinatology and Pediatric Cardiac Surgery, 
Almaty, Kazakhstan (Protocol No. 26, 31 October 2024). 
Written informed consent was obtained from all participating 
women before enrollment and collection of biological samples.
Study Population:

Women admitted for preterm delivery during the study period 
were consecutively screened for eligibility.

The inclusion criteria were singleton pregnancy, preterm 
delivery between 22+0 and 36+6 weeks of gestation, live birth, 
and written informed consent.

The exclusion criteria were major congenital fetal 
malformations, confirmed chromosomal or genetic 
abnormalities, severe maternal systemic disease in the stage of 
decompensation, and refusal to participate.

Only one mother–newborn pair per pregnancy was included.
Clinical Data Collection and Neonatal Outcomes:

Maternal demographic, obstetric, and clinical data were 
obtained from standardized electronic medical records and 
case report forms. Recorded maternal variables included age, 
height, pre-delivery weight, body mass index, gravidity, parity, 
gestational age at delivery, and mode of delivery.

Neonatal data included gestational age, birth weight, birth 
length, head circumference, Apgar scores at 1 and 5 min, 
respiratory support, neurological complications, infectious 
complications, other complications of prematurity, intensive 
care requirements, and survival.

Infants were followed from birth until hospital discharge, 
transfer to another healthcare facility, or death, whichever 
occurred first. Therefore, the outcomes evaluated in this study 
represent in-hospital neonatal outcomes.

IVH was assessed by cranial ultrasonography within the first 
72 h of life and graded according to the Papile classification 
(grades I–IV): grade I, hemorrhage confined to the germinal 
matrix/subependymal region; grade II, intraventricular 
hemorrhage without ventricular dilatation; grade III, 
intraventricular hemorrhage with ventricular dilatation; and 
grade IV, hemorrhage with parenchymal involvement. When 
more than one cranial ultrasound examination was available 
during hospitalization, the highest documented IVH grade 
was used for analysis. Additional cranial ultrasonography was 
performed according to clinical indications.

Invasive mechanical ventilation was defined as the requirement 
for invasive mechanical ventilation from birth.

Congenital pneumonia was defined as pneumonia presenting 
at birth or during the immediate postnatal period and considered 
to have been acquired antenatally or intrapartum. Diagnosis 
was based on compatible respiratory clinical findings together 
with radiographic pulmonary abnormalities and supportive 
laboratory findings, where available.

Neonatal pneumonia was defined as pneumonia developing 
after birth during subsequent hospitalization, based on new or 
worsening respiratory signs together with new or progressive 
radiographic pulmonary abnormalities and supportive clinical 
and laboratory evidence of infection.

Early-onset sepsis (EOS) was defined as sepsis occurring 
within the first 72 h of life, whereas late-onset sepsis (LOS) was 
defined as sepsis occurring after 72 h. Culture-proven sepsis 
was defined by isolation of a pathogenic organism from blood or 
cerebrospinal fluid in an infant with compatible clinical features. 
Clinical sepsis was defined by compatible systemic clinical 
signs of infection supported by laboratory and/or inflammatory 
findings and treated according to the applicable clinical protocol 
in the absence of microbiological confirmation. Both culture-
proven and clinically diagnosed cases were recorded.

The infectious components of the composite outcome were 
limited to congenital pneumonia, neonatal pneumonia, EOS, 
and LOS. Other site-specific infectious diagnoses were not 
included as separate components of the composite outcome.
Selected Composite Neonatal Outcome:

For the present analyses, a selected composite adverse neonatal 
outcome was defined post hoc as the occurrence of at least one 
of the following during the observation period:
•	 IVH of any grade; 
•	 invasive mechanical ventilation from birth; 
•	 congenital pneumonia; 
•	 neonatal pneumonia; 
•	 EOS; 
•	 LOS. 

The composite was used as an exploratory summary measure 
of in-hospital neonatal morbidity rather than as a single 
pathophysiological endpoint.

Because grade I–II IVH accounted for most IVH events, a 
sensitivity analysis used a modified composite that excluded 
grade I–II IVH while retaining grade III–IV IVH and all other 
components. A second sensitivity analysis added in-hospital 
death to the selected composite.
Biological Sample Collection and Processing:

Maternal venous blood was collected during the first stage 
of labor or immediately before cesarean delivery using sterile 
vacuum tubes containing clot activator and separation gel.

Umbilical cord blood was collected immediately after delivery 
following cord clamping and before placental separation. 
Approximately 5 mL of blood was aseptically collected from 
the umbilical vein.

Peripheral venous blood for neonatal S100B measurement was 
collected within the first 12–24 h of life.

Blood samples were transported to the laboratory immediately 
after collection and centrifuged at 3000 rpm for 10 min within 
1 h. Serum aliquots were separated and stored at −80 °C until 
analysis. Aliquoting was used to minimize repeated freeze–thaw 
cycles. Specimen-level storage duration and the exact number 
of freeze–thaw cycles were not retained in the final analytical 
dataset and therefore could not be reconstructed reliably.
Laboratory Measurements:

Maternal serum and umbilical cord blood serum total 
homocysteine concentrations were measured using the Axis® 



123

Homocysteine EIA (Axis-Shield Diagnostics Ltd., Dundee, 
UK; FHCY100/AX51301) according to the manufacturer’s 
instructions. The manufacturer protocol uses 25 µL of pretreated 
serum/plasma and six calibrators (2, 4, 8, 15, 30, and 50 µmol/L), 
with absorbance read at 450 nm and concentrations calculated 
using a four-parameter logistic calibration curve. The stated 
calibrator range is 2–50 µmol/L, and the manufacturer-reported 
limit of quantification is 1.0 µmol/L at CV <20%. The AX51301 
manufacturer instructions report within-run precision of 7–8% 
and total precision of 9–10% across control means of 6.1–20.6 
µmol/L, recommend duplicate calibrators, and recommend a 
new calibration curve for each run. Batch identifiers, patient-
sample replicate data, and study-specific coefficients of 
variation were not retained in the clinical analytical dataset; 
therefore, duplicate testing of individual study samples could 
not be verified retrospectively.

Neonatal serum S100B concentrations were measured using 
the CanAg® S100 EIA (Fujirebio Diagnostics AB, Gothenburg, 
Sweden; product no. 708-10) according to the manufacturer’s 
instructions. The assay is a solid-phase non-competitive 
sandwich EIA using 50 µL serum. The manufacturer protocol 
specifies duplicate determinations for calibrators and unknown 
samples and a calibration series of approximately 0, 50, 100, 
500, 1500, and 3500 ng/L; absorbance is read at 620 nm or 
at 405 nm after stop solution. The manufacturer-reported 
detection limit is <10 ng/L, with within-run CVs of 1.3–2.5% 
and between-day CVs of 1.5–2.5% across concentrations of 
approximately 70–2260 ng/L. The study dataset contains final 
S100B concentrations but not replicate absorbances or plate/
batch identifiers; therefore, specimen-level duplicate testing 
could not be independently verified from the retained analytical 
data. Formal blinding of laboratory personnel to subsequent 
clinical outcome status was not documented.
Statistical Analysis:

Statistical analyses were performed using Statistica version 
13.0 (TIBCO Software Inc., Palo Alto, CA, USA) and Python 
statistical libraries (Pandas, SciPy, and Statsmodels).

Normality of continuous variables was assessed using the 
Shapiro–Wilk test. Non-normally distributed continuous 
variables are presented as median and interquartile range (IQR), 
and between-group comparisons were performed using the 
Mann–Whitney U test.

Categorical variables are presented as frequencies and 
percentages and were compared using the χ² test or Fisher’s 
exact test, as appropriate. The maternal–cord homocysteine 
relationship was evaluated using Spearman’s rank correlation 
coefficient (ρ).

The exact composition of the selected morbidity composite 
and the five-variable combined regression model were not 
documented in a time-stamped statistical analysis plan before 
examination of the outcome data. Accordingly, the composite-
outcome regression analyses are reported as post hoc/exploratory 
analyses.

Because maternal and cord-blood homocysteine were strongly 
correlated and represent related points in the same metabolic 
pathway, the main adjusted analyses used three separate binary 
logistic regression models: maternal homocysteine + gestational 

age + birth weight; cord-blood homocysteine + gestational 
age + birth weight; and neonatal S100B + gestational age + 
birth weight. All 280 participants had complete data for these 
variables. Gestational age was modeled per 1-week increase, 
birth weight per 100-g increase, and S100B per 10-ng/L 
increase. Results are reported as adjusted odds ratios (aORs) 
with 95% confidence intervals (CIs).

The linearity-in-the-logit assumption for continuous predictors 
was assessed using the Box–Tidwell approach. No, statistically 
significant evidence of non-linearity was identified for maternal 
homocysteine, umbilical cord blood homocysteine, neonatal 
S100B, gestational age, or birth weight (all p > 0.05).

A combined five-variable model containing maternal 
homocysteine, cord-blood homocysteine, neonatal S100B, 
gestational age, and birth weight was retained as a sensitivity 
analysis to estimate mutually adjusted associations. 
Multicollinearity in this combined model was assessed using 
variance inflation factors (VIFs), and model calibration was 
evaluated using the Hosmer–Lemeshow goodness-of-fit test.

Additional sensitivity analyses used (1) the modified composite 
excluding grade I–II IVH and (2) a death-inclusive composite 
adding in-hospital death to the selected morbidity composite. 
The same five covariates and scaling as in the combined 
sensitivity model were used.

Duration of in-hospital observation was approximated by 
the sum of recorded bed-days across neonatal inpatient units. 
Because some ward-level fields were incomplete or contained 
non-numeric status/time entries, this summary was restricted 
to infants with complete numeric bed-day entries across all 
recorded units (n = 259). Observation duration was summarized 
overall and by selected composite-outcome status and compared 
using the Mann–Whitney U test.

A two-sided p < 0.05 was considered statistically significant. 
No imputation was performed for missing observation-duration 
fields.
Results.
Baseline Characteristics of the Study Population:

A total of 280 mother–newborn pairs with preterm birth were 
included in the final analysis. Maternal baseline characteristics 
are presented in Table 1.

The median maternal age was 32.0 years (IQR, 27.0–36.0), 
and the median body mass index (BMI) was 27.0 kg/m² (IQR, 
24.0–30.0). Overall, 65.7% of women were classified as 
overweight or obese (BMI ≥ 25 kg/m²). The median gravidity 
and parity were 2.0 (IQR, 1.0–4.0) and 2.0 (IQR, 1.0–3.0), 
respectively, indicating that most participants were multiparous 
women (Table 1).

Additional maternal and antenatal characteristics were 
recorded. Hypertensive disorders of pregnancy were present in 
88 women (31.4%), anemia in 74 (26.4%), cervical insufficiency 
in 41 (14.6%), thyroid dysfunction in 34 (12.1%), diabetes 
mellitus in 18 (6.4%), and sexually transmitted infections in 21 
(7.5%). Twenty-four pregnancies (8.6%) were conceived through 
in vitro fertilization, and fetal growth restriction was recorded 
in 40 cases (14.3%). Antenatal corticosteroid prophylaxis was 
complete in 77 pregnancies (27.5%), incomplete in 13 (4.6%), 
and not administered in 190 (67.9%).
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The neonatal characteristics are summarized in Table 2. 
The median gestational age at delivery was 34.0 weeks (IQR, 
32.0–35.0), and the median birth weight was 2170 g (IQR, 
1660–2490). The median birth length and head circumference 
were 44.5 cm (IQR, 42.0–46.0) and 32.0 cm (IQR, 30.0–34.0), 
respectively. Median Apgar scores were 6 (IQR, 5–6) at 1 minute 
and 7 (IQR, 7–7) at 5 minutes. Male newborns accounted for 
51.3% of the study population, while 63.2% of deliveries were 
performed by cesarean section.

The distributions of gestational age and birth weight are shown 
in Figure 1. More than half of the neonates were born at 34–36 
weeks of gestation (52.1%), while 22.9% were born before 32 
weeks. Regarding birth weight, 23.2% of neonates weighed 
<1500 g at birth.
In-Hospital Neonatal Outcomes:

Neonatal complications were frequently observed during 
hospitalization (Table 3). The most common complication was 
intraventricular hemorrhage (IVH), diagnosed in 149 infants 
(53.2%). Most IVH cases were low grade: grade I IVH occurred 
in 89 infants (31.8% of the total cohort) and grade II in 48 
(17.1%), whereas grade III and grade IV IVH occurred in 5 
(1.8%) and 7 (2.5%) infants, respectively. Thus, grade III–IV 
IVH was observed in 12 infants (4.3%).

Congenital pneumonia occurred in 93 newborns (33.2%), 
whereas 74 infants (26.4%) required invasive mechanical 
ventilation from birth. Neonatal pneumonia developed in 45 
infants (16.1%), while early- and late-onset neonatal sepsis 
occurred in 4 (1.4%) and 2 (0.7%) newborns, respectively. 

The selected composite adverse neonatal outcome occurred 
in 185 of 280 infants (66.1%), whereas 95 infants (33.9%) 
experienced none of its selected components. Overall, 128 
infants (45.7%) experienced at least one non-IVH component 
of the composite, and 114 (40.7%) experienced two or more 
components. Among the 149 infants with IVH, 92 also 
experienced at least one non-IVH component, whereas 57 
had IVH without another composite component. Conversely, 
36 infants without IVH experienced at least one non-IVH 
component.

During the observation period, 11 of 280 infants (3.9%) died 
and 4 (1.4%) were transferred to another healthcare facility. 
Ten of the 11 infants who died had experienced at least one 
component of the selected composite before death, whereas 
one infant died without a recorded composite event. All four 
transferred infants had experienced at least one component 
before transfer. The remaining 265 infants (94.6%) were 
discharged alive without external transfer. Complete numeric 
ward-level bed-day data were available for 259 infants. Median 
recorded in-hospital observation was 12 days (IQR, 8–22) 
overall, 16 days (IQR, 9–28.5) among infants with the selected 
composite outcome, and 8 days (IQR, 6–12) among infants 
without it (Mann–Whitney p < 0.001).
Association Between Biomarkers and the Composite Adverse 
Neonatal Outcome:

Comparisons of maternal and umbilical cord blood biomarkers 
according to the composite adverse neonatal outcome are 
presented in Table 4.

Maternal homocysteine concentrations tended to be higher 

among mothers whose infants developed the composite adverse 
neonatal outcome than among those without the outcome; 
however, this difference did not reach statistical significance 
(p = 0.062). Likewise, umbilical cord blood homocysteine 
concentrations did not differ significantly between the two 
groups (p = 0.584). Neonatal S100B concentrations were also 
comparable regardless of the occurrence of the composite 
outcome (p = 0.598).

Therefore, none of the evaluated biomarkers demonstrated 
statistically significant associations with the composite adverse 
neonatal outcome in the unadjusted analysis.
S100B and Intraventricular Hemorrhage:

Because of the proposed relationship between S100B and 
neurological injury, exploratory analyses were performed 
according to the presence and severity of IVH.

Neonatal S100B concentrations were numerically higher 
among infants with any-grade IVH than among those without 
IVH (85.0 ng/L [IQR, 58.0–115.2] vs. 72.1 ng/L [IQR, 53.1–
102.6]); however, the difference did not reach statistical 
significance (p = 0.092).

Similarly, S100B concentrations did not differ significantly 
between infants with grade III–IV IVH and those without grade 
III–IV IVH (91.4 ng/L [IQR, 55.9–131.6] vs. 77.9 ng/L [IQR, 
56.2–106.8]; p = 0.560).

Thus, no statistically significant association between neonatal 
S100B concentration and either the presence or severity of IVH 
was demonstrated in this cohort.
Maternal–Cord Homocysteine Correlation and Separate 
Adjusted Models:

Spearman correlation analysis demonstrated a strong positive 
correlation between maternal and umbilical cord blood 
homocysteine concentrations (ρ = 0.663, p < 0.001). Higher 
maternal homocysteine concentrations were associated with 
higher umbilical cord blood homocysteine concentrations, 
indicating a close maternal–fetal metabolic relationship at 
delivery.

Given this correlation, maternal and cord-blood homocysteine 
were evaluated in separate adjusted models to avoid interpreting 
mutually adjusted coefficients as the total association of either 
marker. A third model evaluated neonatal S100B; gestational 
age and birth weight were included in each model.

None of the three biomarkers was independently associated 
with the selected composite outcome in its separate adjusted 
model. Gestational age and birth weight were inversely 
associated with the selected composite in all three models 
(Table 6).
Combined Five-Variable Sensitivity Model:

A combined sensitivity model simultaneously included 
maternal homocysteine, cord-blood homocysteine, neonatal 
S100B, gestational age, and birth weight to estimate mutually 
adjusted associations. All 280 infants were included.

In the combined model, increasing gestational age was 
associated with lower odds of the selected composite (aOR 
0.668 per 1-week increase, 95% CI 0.534–0.834; p < 0.001), and 
higher birth weight was also associated with lower odds (aOR 
0.912 per 100-g increase, 95% CI 0.853–0.975; p = 0.007).
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Figure 1. Distribution of gestational age and birth weight in the study population (n = 280). (A) Distribution of gestational age at birth. (B) 
Distribution of birth weight. Values above the bars indicate n (%).

Figure 2. Forest plot of adjusted odds ratios (aORs) and 95% confidence intervals (CIs) from the combined five-variable sensitivity model. The 
vertical dashed line indicates an aOR of 1.0.

Parameter Me [Q1; Q3]
Age, years 32.0 [27.0–36.0]
Height, cm 165.0 [160.0–168.0]
Weight, kg 71.0 [62.0–80.0]
Body mass index, kg/m² 27.0 [24.0–30.0]
Number of pregnancies 2.0 [1.0–4.0]
Number of deliveries 2.0 [1.0–3.0]

Table 1. Maternal characteristics of the study population (n = 280).

Parameter Me [Q1; Q3]
Gestational age, weeks 34.0 [32.0–35.0]
Birth weight, g 2170.0 [1660.0–2490.0]
Birth length, cm 44.5 [42.0–46.0]
Apgar score at 1 min 6.0 [5.0–6.0]
Apgar score at 5 min 7.0 [7.0–7.0]
Head circumference, cm 32.0 [30.0–34.0]

Table 2. Clinical characteristics of preterm newborns (n = 280).
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Complication n %
Intraventricular hemorrhage, any grade 149 53.2
IVH grade I 89 31.8
IVH grade II 48 17.1
IVH grade III 5 1.8
IVH grade IV 7 2.5
IVH grade III–IV 12 4.3
Congenital pneumonia 93 33.2
Invasive mechanical ventilation from birth 74 26.4
Neonatal pneumonia 45 16.1
Early-onset neonatal sepsis 4 1.4
Late-onset neonatal sepsis 2 0.7
Composite adverse neonatal outcome 185 66.1

Table 3. In-hospital neonatal complications in preterm newborns (n = 280).

Parameter Adverse outcome (n = 185), 
median [Q1–Q3]

No adverse outcome (n = 95), 
median [Q1–Q3] p-value

Maternal homocysteine, µmol/L 10.30 [7.60–14.10] 9.09 [6.70–12.41] 0.062
Umbilical cord blood homocysteine, µmol/L 8.04 [5.67–11.13] 8.22 [6.61–10.51] 0.584
Neonatal S100B, ng/L 79.30 [56.30–105.30] 75.00 [54.57–107.05] 0.598

Table 4. Biomarker concentrations according to the composite adverse neonatal outcome.

Comparison S100B, median [Q1–Q3], ng/L p-value
Any-grade IVH (n = 149) 85.0 [58.0–115.2]
No IVH (n = 131) 72.1 [53.1–102.6] 0.092
Grade III–IV IVH (n = 12) 91.4 [55.9–131.6]
No grade III–IV IVH (n = 268) 77.9 [56.2–106.8] 0.560

Table 5. Neonatal S100B concentrations according to IVH status.

Model Variable Adjusted OR 95% CI p-value
A Maternal homocysteine, per 1 µmol/L 1.057 0.989–1.130 0.100
A Gestational age, per 1-week increase 0.681 0.548–0.846 <0.001
A Birth weight, per 100-g increase 0.913 0.854–0.976 0.008
B Umbilical cord blood homocysteine, per 1 µmol/L 1.021 0.949–1.099 0.574
B Gestational age, per 1-week increase 0.686 0.552–0.852 0.001
B Birth weight, per 100-g increase 0.908 0.850–0.971 0.004
C Neonatal S100B, per 10 ng/L 0.981 0.947–1.016 0.278
C Gestational age, per 1-week increase 0.674 0.540–0.841 <0.001
C Birth weight, per 100-g increase 0.906 0.848–0.968 0.003

Table 6. Separate adjusted logistic regression models for the selected composite adverse neonatal outcome.

Note: Model A included maternal homocysteine, gestational age, and birth weight; Model B included cord-blood homocysteine, gestational age, 
and birth weight; Model C included neonatal S100B, gestational age, and birth weight. n = 280 in each model. S100B is scaled per 10 ng/L, 
gestational age per 1 week, and birth weight per 100 g. These post hoc models are exploratory. OR, odds ratio; CI, confidence interval.

Variable Adjusted OR 95% CI p-value
Maternal homocysteine, per 1 µmol/L 1.079 0.988–1.177 0.090
Umbilical cord blood homocysteine, per 1 µmol/L 0.964 0.876–1.060 0.448
Neonatal S100B, per 10 ng/L 0.981 0.946–1.017 0.299
Gestational age, per 1-week increase 0.668 0.534–0.834 <0.001
Birth weight, per 100-g increase 0.912 0.853–0.975 0.007

Table 7. Combined five-variable sensitivity model for the selected composite adverse neonatal outcome.

OR, odds ratio; CI, confidence interval. The model included 280 infants, of whom 185 (66.1%) experienced the selected composite. Gestational 
age and birth weight are expressed per 1-week and per 100-g increase, respectively; S100B is expressed per 10-ng/L increase. VIFs were <3 for 
all included predictors. Hosmer–Lemeshow goodness-of-fit p = 0.771. This combined model is a post hoc sensitivity analysis.
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Variable Adjusted OR 95% CI p-value
Maternal homocysteine, per 1 µmol/L 1.022 0.946–1.105 0.580
Umbilical cord blood homocysteine, per 1 µmol/L 0.973 0.890–1.065 0.555
Neonatal S100B, per 10 ng/L 0.981 0.951–1.012 0.236
Gestational age, per 1-week increase 0.665 0.548–0.806 <0.001
Birth weight, per 100-g increase 0.942 0.882–1.007 0.079

Table 8. Sensitivity analysis excluding grade I–II IVH.

Outcome: modified composite adverse neonatal outcome excluding grade I–II IVH (n = 129/280, 46.1%). The same covariates and scaling as in 
the combined five-variable sensitivity model were used.

Variable Adjusted OR 95% CI p-value
Maternal homocysteine, per 1 µmol/L 1.079 0.989–1.177 0.087
Umbilical cord blood homocysteine, per 1 µmol/L 0.961 0.874–1.056 0.409
Neonatal S100B, per 10 ng/L 0.981 0.947–1.017 0.308
Gestational age, per 1-week increase 0.674 0.541–0.840 <0.001
Birth weight, per 100-g increase 0.915 0.856–0.978 0.009

Table 9. Sensitivity analysis adding in-hospital death to the selected composite outcome.

Outcome: selected composite adverse neonatal outcome plus in-hospital death (n = 186/280, 66.4%). The same five covariates and scaling as in 
the combined sensitivity model were used.

Maternal homocysteine (aOR 1.079, 95% CI 0.988–1.177; 
p = 0.090), cord-blood homocysteine (aOR 0.964, 95% CI 
0.876–1.060; p = 0.448), and neonatal S100B (aOR 0.981 per 
10-ng/L increase, 95% CI 0.946–1.017; p = 0.299) were not 
independently associated with the selected composite.

Variance inflation factors were <3 for all variables in the 
combined model, indicating no evidence of problematic 
multicollinearity. The Hosmer–Lemeshow test showed no 
evidence of poor calibration (p = 0.771). The biomarker 
conclusions were consistent with the separate adjusted models.
Sensitivity Analysis Excluding Grade I–II IVH:

Because low-grade IVH accounted for most IVH events, a 
sensitivity analysis used a modified composite excluding grade 
I–II IVH while retaining grade III–IV IVH, invasive mechanical 
ventilation from birth, congenital pneumonia, neonatal 
pneumonia, EOS, and LOS. The modified composite occurred 
in 129 of 280 infants (46.1%).

In the combined five-variable sensitivity model for the modified 
outcome, gestational age remained associated with lower odds 
(aOR 0.665 per 1-week increase, 95% CI 0.548–0.806; p < 
0.001). The birth-weight association was attenuated (aOR 0.942 
per 100-g increase, 95% CI 0.882–1.007; p = 0.079). Maternal 
homocysteine (aOR 1.022, 95% CI 0.946–1.105; p = 0.580), 
cord-blood homocysteine (aOR 0.973, 95% CI 0.890–1.065; p 
= 0.555), and neonatal S100B (aOR 0.981 per 10-ng/L increase, 
95% CI 0.951–1.012; p = 0.236) were not associated with the 
modified composite.
Sensitivity Analysis Including In-Hospital Death:

To examine whether exclusion of death from the morbidity 
composite altered the findings, in-hospital death was added to 
the selected composite. The death-inclusive outcome occurred 
in 186 of 280 infants (66.4%); 10 of 11 deaths had already met 
at least one morbidity component and one additional infant was 
classified by death alone.

In the combined five-variable model, maternal homocysteine 
(aOR 1.079, 95% CI 0.989–1.177; p = 0.087), cord-blood 
homocysteine (aOR 0.961, 95% CI 0.874–1.056; p = 0.409), 

and neonatal S100B (aOR 0.981 per 10-ng/L increase, 95% CI 
0.947–1.017; p = 0.308) remained non-significant. Gestational 
age (aOR 0.674, 95% CI 0.541–0.840; p < 0.001) and birth 
weight (aOR 0.915 per 100-g increase, 95% CI 0.856–0.978; 
p = 0.009) remained associated with lower odds of the death-
inclusive outcome.
Discussion.

This prospective multicenter cohort study examined maternal–
newborn biochemical relationships and their associations with 
in-hospital neonatal outcomes following preterm birth. The main 
findings were a strong positive correlation between maternal 
and cord-blood homocysteine concentrations and the absence 
of independent associations between maternal homocysteine, 
cord-blood homocysteine, or neonatal S100B and the selected 
composite outcome in separate adjusted models. Gestational 
age and birth weight were associated with lower odds of the 
selected composite. The combined five-variable model and 
sensitivity analyses excluding low-grade IVH or adding death 
yielded consistent biomarker conclusions. Because the exact 
composite and model specification were not prospectively 
documented before outcome review, these analyses should be 
regarded as post hoc and exploratory.

The strong correlation between maternal and umbilical cord 
blood homocysteine concentrations represents an important 
finding and supports a close maternal–fetal metabolic relationship 
at delivery. Homocysteine metabolism is closely related to 
folate, vitamin B12, vitamin B6, and methionine metabolism, 
and elevated maternal homocysteine concentrations have 
been associated with adverse pregnancy outcomes, impaired 
placental function, and fetal growth restriction [4-6]. Because 
maternal and cord-blood homocysteine reflect related points 
in the same pathway, we evaluated them in separate adjusted 
models. Neither marker was independently associated with the 
selected composite after adjustment for gestational age and birth 
weight; the combined mutually adjusted model produced the 
same overall conclusion.

S100B has been investigated as a biomarker of neurological 
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stress and brain injury in premature neonates, including in 
relation to IVH and other forms of neonatal brain injury [7-
11]. In the present cohort, neonatal S100B concentrations 
were numerically higher in infants with any-grade IVH 
than in those without IVH, but the difference did not reach 
statistical significance. S100B concentrations also did not differ 
significantly between infants with and without grade III–IV IVH. 
Thus, our findings did not demonstrate a statistically significant 
association between a single early neonatal S100B measurement 
and either the presence or severity of IVH. Interpretation should 
account for the relatively small number of infants with severe 
IVH and the use of a single S100B measurement during the first 
12–24 h of life.

The strong maternal–cord homocysteine correlation is 
relevant to model interpretation. Simultaneous inclusion of both 
measurements estimates their mutually adjusted associations 
and can attenuate the apparent association of either correlated 
marker. For this reason, the separate biomarker models were 
emphasized, while the original combined five-variable model 
was retained only as a sensitivity analysis. The lack of an 
independent biomarker association was consistent across both 
approaches.

Across the three separate adjusted models, increasing 
gestational age and birth weight were associated with lower 
odds of the selected composite outcome, whereas maternal 
homocysteine, cord-blood homocysteine, and neonatal S100B 
were not. These findings should be interpreted as associations 
within post hoc models rather than as evidence of predictive 
or prognostic performance. The associations with gestational 
maturity are consistent with the well-established relationship 
between gestational age and neonatal morbidity among preterm 
infants [12].

The composition of the selected outcome also warrants 
consideration. IVH was the most frequent component, 
occurring in 149 infants, and most cases were grade I–II. 
Nevertheless, morbidity was not limited to low-grade IVH: 
128 infants experienced at least one non-IVH component of 
the composite, and 114 experienced two or more components. 
Because the individual components represent clinically and 
pathophysiologically heterogeneous events, the composite 
should be interpreted as an exploratory summary measure 
of in-hospital neonatal morbidity rather than as a single 
pathophysiological endpoint.

Sensitivity analyses addressed two concerns about outcome 
definition. Excluding grade, I–II IVH reduced the event rate to 
129/280 (46.1%) without creating an independent association 
for any biomarker. Adding in-hospital death increased the 
event rate from 185 to 186 infants because 10 of the 11 deaths 
had already experienced a morbidity component; again, the 
biomarker findings were unchanged. These analyses support the 
robustness of the null biomarker associations to these alternative 
outcome definitions, while not resolving the broader limitations 
of a heterogeneous post hoc composite.

Several limitations should be considered. First, the selected 
composite combined neurological, respiratory, and infectious 
complications that differ in pathophysiology and clinical 
severity, and its exact composition was not documented in a 
time-stamped statistical analysis plan before examination of 

the outcome data. It should therefore be regarded as a post 
hoc exploratory endpoint. Second, follow-up extended from 
birth until discharge, transfer, or death, resulting in unequal 
observation periods. Among 259 infants with complete numeric 
ward-level bed-day data, median recorded observation was 
longer in infants with the composite outcome (16 days [IQR, 
9–28.5]) than in those without it (8 days [IQR, 6–12]). This 
creates differential time at risk for later-occurring events, 
particularly neonatal pneumonia and LOS. Standardized dates 
of onset were not available for all outcome components, so a 
fixed 28-day or time-to-event sensitivity analysis could not 
be performed. Third, pneumonia and neonatal sepsis were 
identified according to the clinical protocols of the participating 
centers and were not restricted exclusively to culture-confirmed 
infection; therefore, some diagnostic heterogeneity cannot be 
excluded.

Fourth, although this was a two-center study, an individual-
level center identifier was not retained in the final analytical 
dataset and could not be reconstructed reliably from the available 
study variables. Consequently, center-specific recruitment 
and outcome frequencies could not be reported, and center 
effects could not be assessed; this is a major limitation because 
center-level practices may differ. Fifth, although manufacturer 
assay specifications are now reported, specimen-level storage 
duration, exact freeze–thaw counts, assay batch identifiers, 
replicate optical-density values, study-specific coefficients 
of variation, and formal laboratory blinding status were not 
retained in the analytical dataset. The documented preanalytical 
processing and manufacturer protocols therefore cannot fully 
reconstruct all laboratory workflow details. Sixth, the number of 
infants with severe IVH and neonatal sepsis was small, limiting 
outcome-specific analyses. Finally, homocysteine and S100B 
were measured at defined single time points, limiting evaluation 
of temporal biomarker trajectories.

Despite these limitations, the study provides prospective 
data integrating paired maternal and umbilical cord blood 
homocysteine measurements, neonatal S100B, and clinically 
relevant in-hospital neonatal outcomes within the same preterm 
cohort. The strong maternal–cord homocysteine correlation 
demonstrates a close maternal–fetal metabolic relationship, 
whereas homocysteine and S100B were not independently 
associated with the selected composite after adjustment for 
gestational age and birth weight. Future studies should prespecify 
clinically coherent endpoints, standardize observation windows, 
retain center and laboratory process identifiers, and evaluate 
serial biomarker measurements in relation to specific neonatal 
complications.
Conclusion.

This prospective multicenter cohort study demonstrated a strong 
positive correlation between maternal and umbilical cord blood 
homocysteine concentrations, indicating a close maternal–fetal 
metabolic relationship at delivery. In separate adjusted models, 
maternal homocysteine, cord-blood homocysteine, and neonatal 
S100B were not independently associated with the selected 
composite of in-hospital neonatal morbidity. Gestational age and 
birth weight were associated with lower odds of the composite 
across the separate models, and the biomarker conclusions were 
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unchanged in the combined model and in sensitivity analyses 
excluding grade I–II IVH or adding in-hospital death. These post 
hoc findings support further investigation using prespecified 
outcome definitions, standardized follow-up windows, and 
serial biomarker measurements.
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Цель исследования.
Изучить взаимосвязь между концентрациями 

гомоцистеина у матери и в пуповинной крови, а также 
оценить ассоциации гомоцистеина и неонатального S100B 
с внутригоспитальными неонатальными исходами у 
недоношенных новорожденных.

Материал и методы: В проспективное многоцентровое 
когортное исследование включены 280 пар «мать–
новорожденный» при одноплодных преждевременных 
родах в сроке 22+0–36+6 недель. Определяли концентрации 
гомоцистеина в сыворотке крови матери и пуповинной 
крови, а также S100B у новорожденных. Выбранный 
комбинированный исход, включавший ВЖК, инвазивную 
ИВЛ с рождения, врожденную или неонатальную 
пневмонию, ранний или поздний неонатальный сепсис, 
анализировался post hoc. Для каждого биомаркера отдельно 
построены скорректированные логистические модели с 
учетом гестационного возраста и массы тела при рождении; 
объединенная пятифакторная модель использована как 
анализ чувствительности.

Результаты: Комбинированный исход зарегистрирован у 
185 из 280 новорожденных (66,1%). Между концентрациями 
гомоцистеина у матери и в пуповинной крови выявлена 
сильная положительная корреляция (ρ = 0,663; p < 0,001). 
В отдельных скорректированных моделях гомоцистеин 
матери (скорректированное ОШ 1,057; 95% ДИ 0,989–
1,130; p = 0,100), гомоцистеин пуповинной крови (ОШ 
1,021; 95% ДИ 0,949–1,099; p = 0,574) и S100B (ОШ 0,981 
на каждые 10 нг/л; 95% ДИ 0,947–1,016; p = 0,278) не были 
независимо ассоциированы с комбинированным исходом. 
Более высокий гестационный возраст и большая масса тела 
при рождении ассоциировались с меньшей вероятностью 
исхода во всех трех моделях.

Заключение: Концентрации гомоцистеина у матери 
и в пуповинной крови тесно взаимосвязаны, что 
подтверждает выраженную метаболическую связь 
между матерью и плодом. Однако гомоцистеин матери, 
гомоцистеин пуповинной крови и неонатальный S100B 
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не были независимо ассоциированы с выбранным 
комбинированным показателем внутригоспитальной 
неонатальной заболеваемости после учета гестационного 
возраста и массы тела при рождении.

Ключевые слова: преждевременные роды, гомоцистеин, 
S100B, неонатальные исходы, недоношенность.

რეზიუმე
კვლევის მიზანი: დედის და ჭიპლარის სისხლში 

ჰომოცისტეინის კონცენტრაციებს შორის კავშირის 
შესწავლა და ჰომოცისტეინისა და ნეონატალური S100B-
ის ასოციაციების შეფასება დღენაკლულ ახალშობილთა 
ჰოსპიტალიზაციის პერიოდში განვითარებულ 
ნეონატალურ გამოსავლებთან.

მასალა და მეთოდები: პროსპექტიულ მრავალცენტრულ 
კოჰორტულ კვლევაში ჩართული იყო 280 დედა–
ახალშობილის წყვილი ერთნაყოფიანი ნაადრევი 
მშობიარობით, გესტაციის 22+0–36+6 კვირაზე. შეფასდა 
დედის შრატისა და ჭიპლარის სისხლის ჰომოცისტეინი 
და ახალშობილის S100B. შერჩეული კომბინირებული 
გამოსავალი, რომელიც მოიცავდა ინტრავენტრიკულურ 
სისხლჩაქცევას, დაბადებიდან ინვაზიურ მექანიკურ 
ვენტილაციას, თანდაყოლილ ან ნეონატალურ 
პნევმონიას და ადრეულ ან გვიან დაწყებულ სეფსისს, 
გაანალიზდა post hoc. თითოეული ბიომარკერისთვის 
ცალ-ცალკე აშენდა კორექტირებული ლოგისტიკური 
მოდელი გესტაციური ასაკისა და დაბადების წონის 
გათვალისწინებით; ხუთცვლადიანი გაერთიანებული 

მოდელი გამოყენებულ იქნა მგრძნობელობის 
ანალიზად.

შედეგები: შერჩეული კომბინირებული გამოსავალი 
აღინიშნა 280 ახალშობილიდან 185-ში (66.1%). 
დედისა და ჭიპლარის სისხლში ჰომოცისტეინის 
კონცენტრაციებს შორის გამოვლინდა ძლიერი 
დადებითი კორელაცია (ρ = 0.663; p < 0.001). ცალკეულ 
კორექტირებულ მოდელებში დედის ჰომოცისტეინი 
(aOR 1.057; 95% CI 0.989–1.130; p = 0.100), ჭიპლარის 
სისხლის ჰომოცისტეინი (aOR 1.021; 95% CI 0.949–1.099; 
p = 0.574) და ნეონატალური S100B (aOR 0.981 ყოველ 10 
ng/L-ზე; 95% CI 0.947–1.016; p = 0.278) დამოუკიდებლად 
არ იყო დაკავშირებული კომბინირებულ გამოსავალთან. 
უფრო მაღალი გესტაციური ასაკი და დაბადების უფრო 
მაღალი წონა ყველა მოდელში დაკავშირებული იყო 
გამოსავლის ნაკლებ ალბათობასთან.

დასკვნა: დედისა და ჭიპლარის სისხლში 
ჰომოცისტეინის კონცენტრაციები მჭიდროდ იყო 
დაკავშირებული, რაც დედა–ნაყოფის ახლო მეტაბოლურ 
ურთიერთკავშირს ადასტურებს. თუმცა დედის 
ჰომოცისტეინი, ჭიპლარის სისხლის ჰომოცისტეინი და 
ნეონატალური S100B გესტაციური ასაკისა და დაბადების 
წონის გათვალისწინების შემდეგ დამოუკიდებლად არ 
იყო დაკავშირებული ჰოსპიტალიზაციის პერიოდის 
შერჩეულ კომბინირებულ ნეონატალურ ავადობასთან.

საკვანძო სიტყვები: ნაადრევი მშობიარობა, 
ჰომოცისტეინი, S100B, ნეონატალური გამოსავლები, 
დღენაკლულობა.
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