
102

Obstetrics; Maternal Fetal Medicine and Perinatology

Experimental 
& 

Clinical Article

Albumin-Related Inflammatory Indices in the Prediction of Placental 
Abruption: A Clinical-Laboratory Study 

Ayse Cigdem BAYRAK¹,   Dilara SARIKAYA KURT¹,   Berna SEYHAN¹,   Kadriye YAKUT YUCEL¹ 

Ankara, Türkiye 

ABSTRACT 

OBJECTIVE: We aimed to evaluate the diagnostic utility of albumin-related inflammatory indices in pre-

dicting placental abruption (PA) and to explore their potential advantages over conventional clinical and 

laboratory parameters. For this purpose, we assessed the neutrophil-to-albumin ratio (NAR), neutrophil 

percentage-to-albumin ratio (NPAR), blood urea nitrogen-to-albumin ratio (BAR), and serum albumin-to-

creatinine ratio (sACR), and examined their associations with neonatal outcomes. 

STUDY DESIGN: This retrospective cohort study included 179 singleton pregnancies, comprising 64 

patients diagnosed with PA and 115 healthy controls. Maternal demographic and clinical characteristics 

were recorded, including age, gravidity, parity, pre-pregnancy body mass index (BMI, kg/m²), history of 

preterm birth, previous cesarean delivery, use of low-molecular-weight heparin (LMWH), need for blood 

transfusion, and length of hospital stay. Neonatal outcomes included gestational age at birth, birth 

weight, 1- and 5-minute Apgar scores below 7, and neonatal intensive care unit (NICU) admission. 

Receiver operating characteristic (ROC) curve analysis was used to evaluate the diagnostic perfor-

mance of the indices, while multivariate logistic regression and analysis of covariance (ANCOVA) were 

performed to adjust for gestational age. 

RESULTS: NPAR and BAR levels were significantly higher in the PA group compared to controls. These 

indices demonstrated moderate discriminatory ability and remained statistically significant after adjust-

ment for gestational age. Although NAR and sACR were also associated with PA, their diagnostic utility 

appeared more limited. 

CONCLUSION: Among the albumin-associated inflammatory indices evaluated, NPAR and BAR 

demonstrated the strongest associations with placental abruption and may serve as useful adjunctive 

markers in clinical evaluation. Although NAR and sACR also showed statistically significant associa-

tions, their limited diagnostic performance suggests the need for further investigation before clinical im-

plementation. 

Keywords: Biomarkers; Inflammation mediators; Placental abruption 

Introduction 

Placental abruption (PA) is an obstetric emergency associ-
ated with significant maternal and fetal morbidity and mortal-
ity, affecting approximately 1% of pregnancies. Several risk 
factors, including advanced maternal age, hypertensive disor-
ders, prior preterm birth, and multiple gestation, have been 
identified; however, the underlying pathophysiological mech-
anisms remain incompletely understood (1,2). As with many 
pregnancy-related complications, impaired maternal–fetal 
adaptation and inflammatory pathways are increasingly recog-
nized as major contributors to the development of PA (3). 
Several obstetric complications, such as chorioamnionitis and 
preterm rupture of membranes (PROM), have been implicated 
in the pathogenesis of PA, primarily through mechanisms in-
volving cytokine release, increased vascular permeability, and 
endothelial injury (4,5). Supporting this hypothesis, 
histopathological studies have demonstrated enhanced infiltra-
tion of neutrophils and macrophages in placental tissues from 
affected pregnancies, further underscoring the role of inflam-
mation in the development of PA (6). 
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Material and Method 

This retrospective cohort study included singleton preg-
nancies diagnosed with PA at a tertiary care center. The study 
protocol was approved by the local ethics committee 
(Approval No: AESH-BADEK1-2024-723) and conducted in 
accordance with the principles outlined in the Declaration of 
Helsinki. Given the retrospective design, the requirement for 
written informed consent for the use of patient data was 
waived by the ethics committee. Eligible cases were identified 
through a review of electronic medical records between 
September 2022 and July 2024. 

Given the potential ambiguity of clinical and sonographic 
findings in PA, diagnoses were confirmed through intraopera-
tive visualization of localized placental separation and, in 
most cases, subsequent histopathological examination of the 
placental tissue. To avoid diagnostic uncertainty, pregnancies 
complicated by placenta previa were excluded, as physiologic 
placental separation may occur in such cases. To minimize 
confounding due to chronic placental insufficiency, pregnan-
cies affected by fetal growth restriction, oligohydramnios, or 
abnormal Doppler velocimetry were also excluded. Additional 
exclusion criteria included pregnancies conceived via in vitro 
fertilization (IVF); those complicated by maternal autoim-
mune disorders, bleeding diatheses, chronic renal or hepatic 
disease, or confirmed infections. To reduce confounding in-
fluences on neonatal outcomes, pregnancies with multiple ges-
tations, fetal congenital anomalies, or premature rupture of 
membranes were also excluded. A control group consisted of 
healthy singleton pregnancies without any maternal comor-
bidities or fetal anomalies. 

Maternal characteristics, including age, gravidity, parity, 
body mass index (BMI; kg/m²), previous cesarean delivery, 
gestational age at delivery, number of transfused blood prod-
ucts, and length of hospitalization, were recorded. Neonatal 
outcomes included birth weight, APGAR scores at 1 and 5 
minutes, and neonatal intensive care unit (NICU) admission. 

Laboratory parameters for the PA group were obtained at 
the time of diagnosis, whereas in the control group, data were 
derived from routine laboratory evaluations performed within 
one week prior to delivery. These data were used to calculate 
inflammatory indices as follows: 
• NAR = neutrophil count (×10/L)/albumin (g/dL) 
• NPAR = neutrophil percentage/albumin (g/dL) 
• BAR = blood urea nitrogen (mg/dL)/albumin (g/dL) 
• sACR = albumin (g/dL)/creatinine (mg/dL) 

Statistical analyses were performed using IBM SPSS 
Statistics version 27.0. Descriptive statistics and frequency ta-
bles were used for data summarization. Normality of distribu-
tion was assessed using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. For normally distributed variables, inde-
pendent samples t-tests were applied, with results expressed as 

Despite its clinical significance, antenatal diagnosis of PA 
remains challenging. Ultrasonography often fails to detect pla-
cental separation in early stages or cases without overt symp-
toms such as vaginal bleeding or uterine tenderness (7). When 
clinical or sonographic signs are present, the condition can de-
teriorate within minutes and is often associated with worse 
outcomes, including an increased risk of maternal morbidity 
and fetal mortality (8,9). Approximately half of PA cases 
occur before 37 weeks of gestation, and a recognizable risk 
factor cannot be identified in most cases (10). In this context, 
the absence of a widely accepted biochemical test for PA rep-
resents a critical gap in obstetric care, underscoring the need 
to explore novel, accessible biomarkers that could facilitate 
earlier detection and improve clinical decision-making. 

Among the biomarkers most applicable in clinical prac-
tice, inflammation-related markers have gained attention due 
to their feasibility and widespread use. These include parame-
ters that are routinely assessed in most clinical settings, such 
as neutrophils, blood urea nitrogen (BUN), creatinine, and al-
bumin. Neutrophils are key components of the innate immune 
system and serve as early indicators of systemic inflammation 
(11). BUN may also rise in response to acute inflammatory 
stress, reflecting increased protein catabolism and metabolic 
demand (12). Creatinine, another widely used laboratory pa-
rameter, may indicate systemic metabolic stress and renal per-
fusion status (13). In contrast, albumin is a negative acute-
phase reactant, with levels that decline during inflammation 
due to suppressed hepatic synthesis and increased vascular 
permeability (14). 

Based on these mechanisms, several composite indices 
that combine inflammatory markers with albumin have been 
developed to offer a more integrated assessment of systemic 
inflammation and nutritional status. Among the most studied 
are the neutrophil-to-albumin ratio (NAR), neutrophil per-
centage-to-albumin ratio (NPAR), blood urea nitrogen-to-al-
bumin ratio (BAR), and serum albumin-to-creatinine ratio 
(sACR), which have shown promise in various clinical set-
tings, including sepsis, malignancies, and cardiovascular dis-
eases (15-18). Multiple studies have reported their potential 
role in obstetric complications such as preeclampsia and ges-
tational diabetes (19,20). Moreover, recent evidence suggests 
that elevated neutrophil counts may be linked to an increased 
risk of PA, supporting the potential value of inflammation-
based hematological parameters in this context (21). 

In light of these considerations, this study aimed to evalu-
ate the diagnostic value of albumin-associated inflammatory 
indices-including NAR, NPAR, BAR, and sACR-in pregnan-
cies complicated by PA. We hypothesized that these indices 
could serve as valuable adjuncts in the early detection of PA, 
particularly when clinical or sonographic indicators are absent. 
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mean ± standard deviation (SD); for non-normally distributed 
variables, the Mann-Whitney U test was employed, and data 
were presented as median (Q1-Q3). Categorical variables 
were compared using Pearson’s chi-square test. Associations 
between non-normally distributed variables were evaluated 
using Spearman correlation analysis. A p-value <0.05 was 
considered statistically significant. 

The diagnostic performance of NAR, NPAR, BAR, and 
sACR in predicting PA was evaluated using receiver operating 
characteristic (ROC) curve analysis. The primary threshold for 
each index was determined by the shortest Euclidean distance 
to the ideal ROC point (0, 1), calculated as: √((1- Specificity)² 
+ (1 - Sensitivity)²). The threshold minimizing this distance 
was selected. As a sensitivity analysis, we also examined 
Youden’s J index (sensitivity + specificity - 1); however, in our 
dataset, the Youden-maximizing cut-offs yielded a high-speci-
ficity/low-sensitivity profile judged clinically suboptimal for 
case detection. For each selected threshold, sensitivity, speci-
ficity, positive and negative likelihood ratios (LR+, LR-), and 
predictive values (PPV, NPV) were calculated. Univariate and 
backward stepwise multivariate logistic regression analyses 
were used to identify predictors of PA. 

Additionally, analysis of covariance (ANCOVA) was per-
formed to compare NPAR and sACR values between groups 
after adjusting for gestational age. To address heteroscedastic-
ity, HC3 robust standard errors were applied. Estimated 
marginal means and standard errors were calculated at the 
mean gestational age, and partial eta squared (η²) values were 
reported as measures of effect size. 

Results 

This retrospective study included 64 patients diagnosed 
with PA and a control group of 115 healthy singleton preg-

nancies. Baseline maternal characteristics such as age, gravid-
ity, parity, pre-pregnancy BMI, history of preterm birth, prior 
cesarean delivery, and use of low-molecular-weight heparin 
(LMWH) were evaluated. Gravidity, parity, history of preterm 
birth, and prior cesarean delivery were significantly more 
common in the PA group (p<0.05 for all). Additionally, the 
PA group had a higher rate of blood product transfusion and 
longer hospitalization duration compared to controls      
(p< 0.001 for both). Neonatal outcomes - including gestational 
age at delivery, birth weight, Apgar scores at 1 and 5 minutes, 
and NICU admission - were significantly less favorable in the 
PA group (p<0.001 for all). Detailed maternal and perinatal 
characteristics are presented in Table I. 

Hematological, biochemical, and inflammatory profiles 
were compared between the PA and control groups. 
Hemoglobin, leukocyte, neutrophil, lymphocyte, and platelet 
counts did not differ significantly between the groups. 
However, albumin and fibrinogen levels were significantly 
lower in the PA group (p<0.001 for both), suggesting an 
acute-phase response. Among liver and renal function param-
eters, AST and BUN levels were significantly elevated in the 
PA group (p= 0.002 and p= 0.028, respectively), whereas 
ALT and creatinine levels showed no significant difference. In 
terms of composite inflammatory indices, NAR, NPAR, and 
BAR were significantly higher in the PA group (p= 0.008, 
<0.001, and <0.001, respectively), while sACR was signifi-
cantly lower (p= 0.003). For NPAR, the effect size calculated 
using Cohen’s d was 0.764 (95% CI: 0.448-1.079) (Table II). 

ROC analysis demonstrated that NAR, NPAR, BAR, and 
sACR had varying degrees of discriminatory power for iden-
tifying PA (Table III). Among these indices, NPAR and BAR 
showed the highest diagnostic performance, with moderate 
sensitivity and specificity.  

Variable PA group Control group p  

(n=64) (n=115) 

Maternal age (years)* 29.3 ± 6.0 27.7 ± 5.3 0.077 

Gravidity* 2 (1-4) 2 (1-3) 0.007 

Parity* 1 (0-2) 1 (0-2) 0.021 

Maternal BMI (kg/m²)* 28.0 (25.5-30.0) 29.0 (26.0-32.6) 0.084 

History of preterm birth† 30 (46.9%) 7 (6.1%) <0.001 

History of cesarean delivery† 59 (92.2%) 29 (25.2%) <0.001 

Using LMWH† 4 (6.3%) 3 (2.6%) 0.228 

Patients requiring blood product transfusion† 15 (23.4%) 7 (6.1%) <0.001 

Length of hospital stay (days)* 3.5 (3-5) 2.0 (2-3) <0.001 

Perinatal outcomes†  

        Gestational age at delivery (weeks) 37 (32-39) 39 (38 - 40) <0.001 

        Birthweight (g) 2507 ± 999 3319 ± 435 <0.001 

        Apgar score ≤7 at 1 minute 36 (56.3%) 7 (6.1%) <0.001 

        Apgar score ≤7 at 5 minutes 24 (37.5%) 2 (1.7%) <0.001 

        NICU admission 31 (53.4%) 7 (6.1%) <0.001 

Table I: Demographic and perinatal characteristics of the study population

*: Values are presented as mean ± standard deviation or median (IQR) as appropriate. 
†: Neonatal outcomes are presented as number (%). 
BMI: Body mass index; LMWH: Low molecular weight heparin; NICU: Neonatal intensive care unit. 
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In the multivariable logistic regression analyses, each 

index was entered into a separate model adjusted for maternal 

age, pre-pregnancy BMI, and history of preterm birth to avoid 

potential multicollinearity due to the shared albumin compo-

nent. Lower NAR values were significantly associated with an 

increased risk of placental abruption (aOR = 0.011, 95% CI: 

0.000 - 0.251, p= 0.002). Similarly, lower NPAR (aOR = 

0.715, 95% CI: 0.604-0.847, p<0.001) and lower BAR     

(aOR = 0.662, 95% CI: 0.507 - 0.865, p= 0.002) values were 

also independently associated with placental abruption. In 

contrast, higher sACR values were associated with increased 
odds of placental abruption (aOR = 1.350, 95% CI: 1.069-
1.705, p= 0.012) (Table IV). 

ANCOVA revealed a statistically significant difference in 
NPAR levels between the PA and control groups after adjust-
ing for gestational age at delivery (F(1,176) = 12.549, p< 0.001, 
partial η² = 0.067; Table 5). The estimated marginal mean was 
significantly higher in the PA group (21.040 ± 0.331) than in 
the control group (19.505 ± 0.237). Gestational age at delivery 
did not significantly affect NPAR levels (p= 0.261). 

 PA group Control group 

 (n=64) (n=115) p 

Hb (g/dL) 11.9 (11.3 - 13.0) 11.8 (10.8 - 12.9) 0.355 

WBC (103/μL) 11140 (9010 - 14140) 10800 (9270 - 12430) 0.244 

Thrombocyte (103/μL) 229 (194 - 274) 247 (206 - 285) 0.273 

Albumin (g/L) 34.0 (32.0 - 37.0) 37.3 (36.2 - 38.4) <0.001 

Fibrinogen (mg/dL) 428 (367 - 489) 483 (436 - 541) <0.001 

ALT (U/L) 11.0 (9.0 - 14.0) 10.0 (8.0 - 14.0) 0.280 

AST (U/L) 20.0 (18.0 - 26.0) 18.0 (16.0 - 21.0) 0.002 

BUN (mg/dL) 16.0 (12.5 - 21.5) 14.5 (11.9 - 17.2) 0.028 

Creatinine (mg/dL) 0.535 (0.455 - 0.630) 0.510 (0.460 - 0.600) 0.280 

Neutrophil count (109/L) 8.050 (6.085 - 10.735) 7.980 (6.650 - 8.930) 0.413 

Lymphocyte count (109/L) 2.175 (1.795 - 2.865) 2.060 (1.590 - 2.480) 0.095 

Neutrophil percentage (%) 70 (67 - 79) 72 (68 - 76) 0.620 

NAR 0.237 (0.188 - 0.319) 0.207 (0.176 - 0.245) 0.008 

NPAR 21.237 ± 3.071 19.396 ± 1.949 <0.001 

BAR 4.605 (3.750 - 6.621) 3.913 (3.111 - 4.651) <0.001 

sACR 6.622 ± 1.793 7.386 ± 1.505 0.003 

Table II: Comparison of hematological, biochemical, and coagulation parameters between the PA and control groups. 

Hb: Hemoglobin, WBC: White blood cells, PT: Prothrombin time, aPTT: Activated partial thromboplastin time, INR: International normalized ratio,  
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, BUN: Blood urea nitrogen, NAR: Neutrophil-to-albumin ratio, NPAR: Neutrophil 
percentage-to-albumin ratio, BAR, Blood urea nitrogen-to-albumin ratio, sACR: Serum albumin-to-creatinine ratio.

Index Cut-off AUC (95% CI) Sensitivity (%) Specificity (%) LR+ LR- p  

NAR ≥0.227 0.619  

(0.544-0.691) 57.8 62.6 1.55 0.67 0.010 

NPAR ≥19.839 0.681 

(0.607-0.748) 65.6 65.2 1.89 0.53 <0.001 

BAR ≥4.155 0.660 

(0.586-0.729) 64.1 60.0 1.60 0.60 <0.001 

sACR ≤6.655 0.638 

(0.563-0.708) 53.1 68.7 1.70 0.68 0.002 

Table III: ROC analysis of albumin-related indices for the diagnosis of placental abruption

ROC analyses were performed, and the results were interpreted with a 95% confidence interval. Statistical significance was set at p<0.05 
ROC: Receiver operating characteristic, AUC: Area under the curve, LR: Likelihood ratio 

Table IV: Multivariable logistic regression of albumin-related indices for predicting placental abruption 

Index aOR 95% CI p  

NAR 0.011 0.000 - 0.251 0.002 

NPAR 0.715 0.604 - 0.847 <0.001 

BAR 0.662 0.507 - 0.865 0.002 

sACR 1.350 1.069 - 1.705 0.012 

Each index was analyzed in a separate multivariable logistic regression model adjusted for maternal age, pre-pregnancy BMI, and history of preterm 
birth to avoid potential multicollinearity due to the shared albumin component. 
aOR: Adjusted odds ratio, CI: Confidence interval 



106 Bayrak AC. Sarikaya Kurt D. Seyhan B. Yakut Yucel K.

Discussion 

Pregnancy represents a dynamic equilibrium between ma-
ternal and fetal inflammatory mediators, and disruption of this 
balance has been implicated in abnormal placentation pro-
cesses (22). Histopathological evidence has shown increased 
neutrophilic infiltration and inflammatory alterations in pla-
cental tissues. For instance, Kovo et al. identified acute histo-
logic chorioamnionitis in 22% of patients with PA, while Nath 
et al. reported enhanced neutrophil infiltration in PA cases 
complicated by histologic chorioamnionitis (23,24). These 
findings support the hypothesis that inflammation contributes 
to decidual vasculopathy, trophoblastic dysfunction, and pla-
cental infarction, key mechanisms underlying the pathophysi-
ology of PA (25). 

When evaluated alongside markers such as neutrophil 
count and BUN, albumin may offer a more comprehensive 
perspective on systemic inflammation and metabolic stress 
(26,27). Hypoalbuminemia may reflect both systemic inflam-
mation and increased vascular permeability. Inflammatory cy-
tokines such as interleukin (IL)-6 and vascular endothelial 
growth factor (VEGF) can suppress hepatic albumin synthesis 
in acute inflammatory states, while concomitant endothelial 
activation and vascular leakage contribute to extravascular al-
bumin loss (28). Based on this rationale, we hypothesized that 
albumin-related inflammatory indices may more comprehen-
sively reflect the underlying inflammatory processes of PA. 

In this study, we evaluated several composite indices that 
combine immune cell activity with albumin levels to reflect 
systemic inflammation, nutritional status, and metabolic bur-
den. NPAR, first introduced by Hehe Cui in 2019, was initially 
reported as a predictor of mortality in cardiovascular disease 
(29). Since then, it has been investigated in various clinical 
contexts, including its potential to predict neonatal outcomes in 
preeclamptic pregnancies (19,30). Although BAR has demon-
strated prognostic value in several medical conditions, its util-
ity in obstetric populations remains underexplored (31). 

Among the indices examined, NPAR and BAR emerged as 
the most reliable and clinically informative predictors of PA. 
Both demonstrated moderate diagnostic accuracy in ROC 
analysis and retained independent associations in multivariate 
models. These findings suggest that NPAR and BAR may 
serve as valuable tools for obstetric risk stratification. 

In addition to NPAR and BAR, our analysis also investi-
gated the potential relevance of other albumin-associated in-
dices, including NAR and sACR. Although NAR has been 
proposed as a useful inflammatory marker in various clinical 
settings, its role in obstetric complications remains unclear 
(32,33). NAR is calculated using the absolute neutrophil 
count, whereas NPAR is based on the neutrophil percentage 
relative to the total leukocyte count. This distinction may 
carry clinical significance, as NPAR may better capture the 
dynamic shifts in immune activity, particularly relevant in 
acute conditions such as PA. Consistent with this, the dis-
criminatory capacity of NAR appeared more limited when 
compared to the more integrative indices, NPAR and BAR. 

However, its clinical utility in obstetric populations, par-
ticularly under acute hemodynamic disturbances such as those 
seen in PA, remains uncertain. Physiological alterations in 
glomerular filtration during pregnancy may reduce the sensi-
tivity of creatinine-based indices like sACR for detecting early 
renal dysfunction (34). This may account for its relatively 
weaker predictive performance in our study compared to 
NPAR and BAR. 

Overall, among the evaluated indices, NPAR and BAR 
consistently demonstrated superior performance in identifying 
pregnancies complicated by PA. Higher values of both indices 
were independently associated with a reduced risk of PA after 
adjustment for maternal age, pre-pregnancy BMI, and history 
of preterm birth. Specifically, each 1-point increase in NPAR 
was associated with a 22% reduction in the odds of PA, 
whereas each 1-point increase in BAR corresponded to a 
29.5% reduction in risk. These findings suggest that NPAR 
and BAR may serve as supportive tools in obstetric risk as-

Dependent 

Variable

Source Mean  

Square

F p Partial η² Estimated Marginal Means 

(Mean ± SE)

Mean Difference  

(95% CI)

NPAR PA vs.  

Control

72.413 12.549 0.001 0.067 PA: 21.040 ± 0.331 

Control: 19.505 ± 0.237 

1.536 (0.680 to 2.391)

GA  

(covariate)

1.350 1.967 0.261 0.007

sACR PA vs.  

Control

0.183 5.454 0.021 0.030 PA: 6.676 ± 0.223 

Control: 7.357 ± 0.160 

-0.681 (-1.257 to -0.106)

GA  

(covariate)

0.011 0.314 0.640 0.001

Table V: ANCOVA results comparing NPAR and sACR between the PA and control groups, adjusted for gestational age

ANCOVA models were adjusted using HC3 robust standard errors due to variance heterogeneity. Estimated marginal means are reported at the co-
variate mean gestational age (GA) of 37.7 weeks. 
ANCOVA: Analysis of covariance, SE: Standard error, CI: Confidence Interval 
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sessment. While NAR and sACR also demonstrated statisti-
cally significant associations, their comparatively lower diag-
nostic performance warrants further investigation. 

This study has several strengths, including the evaluation 
of novel albumin-based inflammatory indices within a well-
defined obstetric cohort and the use of rigorous inclusion and 
exclusion criteria to minimize confounding. However, certain 
limitations should be acknowledged. The retrospective, sin-
gle-center design and relatively small sample size may limit 
the generalizability of the findings, while the absence of long-
term follow-up could introduce potential selection bias and 
preclude causal inference. Additionally, unmeasured vari-
ables, such as subclinical infections, may have influenced 
biomarker levels. Although the observed sensitivity and speci-
ficity values for NPAR and BAR were statistically significant, 
their relatively modest magnitude may limit their standalone 
diagnostic value. These indices may have greater clinical ap-
plicability when combined with other laboratory or clinical 
parameters to improve predictive accuracy. Larger, multicen-
ter prospective studies are warranted to validate these findings 
and improve the generalizability of the results. 

Conclusion 

In conclusion, our results suggest that albumin-associated 
inflammatory indices, particularly NPAR and BAR, may 
serve as valuable tools for the early identification of PA. Their 
integration into routine laboratory panels could improve diag-
nostic accuracy and facilitate timely clinical decision-making, 
with the potential to enhance maternal and neonatal outcomes. 
Prospective, multicenter studies are warranted to validate 
these findings across broader populations and diverse clinical 
settings. 
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