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Purpose: The aim of this study was to evaluate the predictive value of the systemic inflammatory index (SII), the systemic
inflammatory response index (SIRI), and the aggregate systemic inflammatory index (AISI) in patients diagnosed with preeclampsia
(PE) for PE and composite adverse perinatal outcomes (CAPO) in patients with PE.

Patients and Methods: This single-center, retrospective case-control study included pregnant women aged 18-45 years with PE and
healthy controls. First- and third-trimester hematological parameters were recorded, and inflammatory indices were calculated.
Neonatal intensive care unit (NICU) admission and CAPO were evaluated as clinical outcomes. Receiver operating characteristic
(ROC) analysis assessed predictive performance, and multivariable logistic regression was used to adjust for confounding factors.
Results: A total of 300 patients (150 with PE and 150 controls) were included. The PE group had significantly higher rates of NICU
admission and CAPO (p < 0.05). Several first- and third-trimester inflammatory indices, including NLR, PNR, SII, SIRI, and AISI,
were significantly higher in the PE group. ROC analysis demonstrated that multiple indices were associated with the prediction of PE,
NICU admission, and CAPO. In multivariable analysis, third-trimester PLR remained an independent predictor of NICU admission,
while third-trimester PLR and PMR were identified as independent predictors of CAPO (p < 0.05). For the prediction of PE, only first-
trimester NLR and PNR remained independent predictors (p < 0.05).

Conclusion: Inflammation-based indices derived from routine blood tests were associated with PE and adverse perinatal outcomes.
Inflammation-based indices derived from routine blood tests were associated with PE and adverse perinatal outcomes. Certain indices
demonstrated independent predictive value, particularly third-trimester PLR for NICU admission, third-trimester PLR and PMR for
CAPO, and first-trimester NLR and PNR for PE. However, these indices should be interpreted in conjunction with clinical variables
and considered as supportive markers rather than stand-alone predictors in clinical practice.
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Introduction

Preeclampsia (PE) is a common pregnancy complication characterized by hypertension and proteinuria that develops
after the 20th week of gestation.' It affects approximately 2—8% of pregnancies worldwide and poses significant risks for
both maternal and fetal health.” The pathogenesis of PE is believed to involve placental ischemia and a subsequent
systemic inflammatory response index (SIRI), which triggers endothelial dysfunction and leads to the clinical manifesta-
tions of the disease.’ Insufficient remodeling of the spiral arteries results in hypoxia, oxidative stress, and increased levels
of inflammatory mediators, forming the core mechanisms of the disease.* Recent studies have emphasized the central role
of immune-inflammatory markers in predicting PE. In particular, the neutrophil-to-lymphocyte ratio (NLR), platelet
(PLT)-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR) have been proposed as potential indicators
of inflammation.™® Additionally, hematological inflammation indices such as the Systemic Immune-Inflammation Index
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(SII), SIRI and Aggregate Index of Systemic Inflammation (AISI) have drawn attention as accessible and cost-effective
biomarkers for predicting preeclampsia.”® Since the pathophysiological processes of PE begin in the early stages of
pregnancy and become more evident in the later stages, laboratory parameters obtained from both the first and third
trimesters may provide valuable insights for identifying preeclamptic pregnancies and predicting adverse outcomes.
Recent evidence suggests that systemic inflammatory markers may also be associated with adverse perinatal outcomes,
including neonatal intensive care unit (NICU) admission and composite adverse perinatal outcomes (CAPO). However,
the predictive value of these indices for adverse perinatal outcomes in patients with PE has not been sufficiently
established. While several studies have investigated the prediction of PE, research focusing on the prediction of adverse
pregnancy outcomes remains limited.”'” The aim of this study is to evaluate whether hematological inflammatory
markers measured in the first and third trimesters of pregnancy can predict the development of PE and adverse outcomes
such as NICU admission and CAPO.

Materials and Methods
Study Population

This study was designed as a single-center, retrospective case-control study. Pregnant women aged 18-45 years who
were diagnosed with preeclampsia and followed up or treated at the Department of Obstetrics and Gynecology, Gazi
Yasargil Training and Research Hospital, Diyarbakir, Turkey, between January 2023 and January 2025 were included in
the study. All procedures were conducted in accordance with the principles of the Declaration of Helsinki. Ethical
approval for this study was obtained from the Gazi Yasargil Training and Research Hospital Ethics Committee on
July 25, 2025 (Decision No: 576). Due to the retrospective design of the study, patient consent for review of medical
records was not required by the ethics committee. All patient data were anonymized and handled confidentially in
accordance with institutional and ethical standards. Patients were categorized into two groups: the PE group (Group 1)
and the control group (Group 2). The preeclampsia group was further subdivided into PE without severe features (PE-
WSF) and PE with severe features (PE-SF), as well as early-onset and late-onset preeclampsia. In this study, the
diagnosis of PE was made according to the criteria of the American College of Obstetricians and Gynecologists
(ACOQG), based on new-onset hypertension of >140/90 mmHg after 20 weeks of gestation accompanied by evidence
of proteinuria.’

PE with severe features was defined as the presence of a systolic blood pressure >160 mmHg or a diastolic blood
pressure >110 mmHg, or—regardless of blood pressure levels—the occurrence of at least one of the following: platelet
count <100,000/mm?; elevated liver transaminases (more than twice the normal values) or persistent right upper quadrant
or epigastric pain; serum creatinine >1.1 mg/dL or doubling of the baseline value; pulmonary edema; new-onset and
treatment-resistant headache; or visual disturbances. Preeclamptic patients were further categorized as early-onset
(<34 weeks of gestation) or late-onset (>34 weeks of gestation) according to ACOG guidelines.” The exclusion criteria
were the presence of major fetal anomalies, known chromosomal or genetic abnormalities, multiple pregnancies,
pregnancies complicated by additional chronic diseases, premature rupture of membranes (PPROM), and a history of
smoking or alcohol use. Homogeneity was ensured between the study and control groups with respect to blood
parameters obtained during the first trimester, defined as 10 to 14 weeks of gestation, and the third trimester, defined
as 28 to 38 weeks of gestation. The control group consisted of low-risk pregnant women with no medical or obstetric
complications. In the study group, patients diagnosed with PE were included, whereas the control group consisted of low-
risk pregnant women without any systemic diseases (such as neurological, cardiac, thoracic, gastrointestinal, genitour-
inary, endocrine, etc.) or obstetric complications (such as PE, gestational diabetes mellitus (GDM), or PPROM).

Data Collection

Clinical and demographic data of the participants were recorded, including maternal age, gravidity, parity, body mass
index (BMI), Systolic and Diastolic blood pressure, spot urine protein 24-hour urinary protein, gestational age at
delivery, birth weight, mode of delivery, cord pH and base excess (BE), I-minute and 5-minute APGAR scores,
Preterm delivery (PTD), NICU admission, and CAPO; defined as pH <7.1, 5-minute APGAR <7, NICU admission).
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The indications for NICU admission were defined as respiratory distress, hypoglycemia, hyperbilirubinemia, and
prematurity. Blood pressure measurements were taken after at least 5 minutes of rest, with the patient in a seated
position, using an appropriately sized cuff placed on the bare upper arm, with the arm supported at heart level. To
confirm the diagnosis, two separate readings were required at least four hours apart. Proteinuria was defined as >1+ on
a dipstick test, >300 mg of protein in a 24-hour urine collection, or a protein-to-creatinine ratio >0.3 in a spot urine
sample. For 24-hour collection, patients discarded the first morning urine and collected all urine over the next 24 hours.
Spot urine samples were obtained using the clean midstream technique. Hemoglobin (Hgb), white blood cell count
(WBC), neutrophil, lymphocyte, monocyte, platelet (PLT) levels were measured using the Mindray BC-6000 device
(China); All tests were performed in our clinical laboratory in accordance with ISO 15189 standards. NLR was defined as
the neutrophil-to-lymphocyte ratio, PLR as the platelet-to-lymphocyte ratio, PNR as the PLT-to neutrophil ratio, PMR as
the PLT-to- monocyte ratio, MLR as the monocyte-to-lymphocyte SiI as the NLR x platelet, SIRI as the NLR x monosit,
AISI as the NLR x PLT x monosit, as previously described in the literature.” These calculations were performed using the
SPSS 25.0 statistical software program (SPSS Inc., Chicago, IL, USA).

Statistical Analysis

Statistical analyses were performed using SPSS version 25.0 software (SPSS Inc., Chicago, IL, USA). The Kolmogorov—
Smirnov and Shapiro—Wilk tests were used to assess the normality of data distribution. The Mann—Whitney U-test was
used for non-normally distributed variables. Descriptive data for non-normally distributed variables were expressed as
medians and interquartile ranges (IQR). The chi-square test was used to compare categorical variables. Receiver
operating characteristic (ROC) curve analysis was performed to evaluate the predictive value of hematological indices
for PE, NICU and CAPO. A p < 0.05 was considered statistically significant. Multiple logistic regression analysis was
performed to evaluate the effect of confounding factors. Variables included in the multivariable models were selected
based on clinical relevance and prior literature. To avoid multicollinearity, each inflammatory index was entered into
separate models adjusted for maternal age, gravidity, and BMI.

Results
A total of 300 patients were included in this study, divided into two groups: 150 patients in the PE group and 150 patients
in the control group.

There were significant differences between the study and control groups in terms of maternal age, BMI, fetal weight,
gestational week at delivery, 1-minute APGAR, 5-minute APGAR, cord pH (p < 0.001), and base excess (BE) (p = 0.013).
However, no statistically significant differences were found regarding gravidity, parity, or mode of delivery (p > 0.05)
(Table 1). Significant differences were also observed between the groups with respect to CAPO, NICU admission, and PTD

Table | Evaluation of the Clinical and Demographic Characteristics of the Preeclampsia and Control Groups

Group | (PE) (n:150) | Group 2 (Control) (n:150) | p-value
Age (years), Median (IQR) 31.0 (7.0) 26.0 (7.0) < 0.001
Gravidity, Median (IQR) 2.0 (2.0) 2.0 (2.0) 0.264
Parity, Median (IQR) 1.0 (2.0) 1.0 (2.0) 0.106
BMI (kg/m?), Median (IQR) 30.5 (9.9) 27.0 (5.5) < 0.001
Gestational week at diagnosis Median (IQR) 30.0 (4.0)
Use of antihypertensive medication (n/%) 99 (66.0%)
Systolic blood pressure (mmHg), Median (IQR) 148.0 (11.0) 110.0 (10.0) < 0.001
Diastolic blood pressure (mmHg), Median (IQR) 93.0 (7.0) 70.0 (8.0) < 0.001

(Continued)
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Table | (Continued).

Group | (PE) (n:150) | Group 2 (Control) (n:150) | p-value

Spot urine protein (mg/dL), Median (IQR) 3.0 (1.0)
24-hour urinary protein, Median (IQR) 800.0 (407.0)
Gestational week at delivery, Median (IQR) 37.2 (2.05) 384 (1.0) < 0.001
Fetal weight (g), Median (IQR) 2670.0 (712.5) 3217.0 (480.0) < 0.001
I-minute APGAR, Median (IQR) 7.0 (0.25) 8.0 (1.0) < 0.001
5-minute APGAR, Median (IQR) 9.0 (1.0) 9.0 (0.0) < 0.001
Cord pH, Median (IQR) 7.34 (0.09) 7.34 (0.06) 0.013
Cord BE, Median (IQR) -3.7 (3.0 -1.5 (1.0) < 0.001
NICU (n/%) 42 (36.8%) 12 (8.0%) < 0.001
NICU admission (n/%) Respiratory problems (n/%) | 20 (47.8%) 6 (50.0%) < 0.001

Hypoglycemia (n/%) 6 (14.2%) 2 (16.6%)

Hyperbilirubinemia (n/%) 4 (9.5%) 1 (8.3%)

Prematurity (n/%) 12 (28.5%) 3 (25.0%)
CAPO (n/%) 47 (31.0%) 15 (8.0%) < 0.001
PTD (n/%) 46 (30.0%) 12 (8.0%) < 0.001
Mode of delivery (n/%) | NVD (n/%) 63 (42.0%) 57 (38.0%) 0.730

CIS (n/%) 87 (58.0%) 93 (62.0%)

Note: Statistical test: Mann—Whitney U p < 0.05 was considered statistically significant.
Abbreviations: NICU, Neonatal intensive care unit; IQR, Interquartile Range; NVD, Normal Vaginal Delivery; PE, preeclampsia; C/S, Cesarean
Section; BE, Base Excess; CAPO, Composite Adverse Perinatal Outcome; PTD, Preterm Delivery; BMI, Body mass index.

(p < 0.05) (Table 1). The gestational week at diagnosis, the number of patients using antihypertensive medications, the
systolic and diastolic blood pressure values, 24 hour urine test results, and spot urine protein analysis results in the study

group are presented in Table 1.

In the first trimester, there were no significant differences between the groups in monocyte, PLT, or lymphocyte (p > 0.05),
whereas Hgb (p = 0.002) and neutrophil (p < 0.001) differed significantly (Table 2). In the third trimester, there were no
significant differences in platelet or lymphocyte (p > 0.05), while significant differences were observed in hgb (p = 0.002),

neutrophil (p < 0.001), and monocyte (p = 0.029) levels (Table 2).

Table 2 Evaluation of Maternal Laboratory Findings, Sll, SIRI and AISI Results in the Preeclampsia and Control Groups

Group | (PE) (n:150) Median (IQR) | Group 2 (Control) (n:150) Median (IQR) | p-value
I'st trimester Hgb (g/dl) 12.5 (2.0) 12.0 (1.5) 0.002
I'st trimester Neutrophil (10”L) | 7.3 (2.8) 5.6 (3.3) < 0.001
I'st trimester Lymphocyte (10”L) | 1.9 (0.6) 1.7 (0.6) 0.057
I'st trimester Monocyte (10%L) 0.4 (0.1) 0.4 (0.1) 0.259
I'st trimester PLT (107L) 270.0 (87.0) 257.5 (92.2) 0218
(Continued)
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Table 2 (Continued).

Group | (PE) (n:150) Median (IQR) | Group 2 (Control) (n:150) Median (IQR) | p-value
3rd trimester Hgb (g/dl) 11.8 (1.5) 1.3 (2.0) 0.002
3rd trimester Neutrophil (10”L) | 8.3 (3.3) 6.8 (2.6) < 0.001
3rd trimester Lymphocyte (10”L) | 1.7 (0.7) 1.7 (0.5) 0.693
3rd trimester Monocyte (107L) | 0.5 (0.2) 0.4 (0.1) 0.029
3rd trimester PLT (107L) 253.0 (89.0) 246.0 (99.7) 0.504
I'st trimester NLR 3.6 (1.4) 3.0 (1.7) 0.050
I'st trimester PLR 137.7 (86.2) 146.6 (63.7) 0.483
I'st trimester PNR 35.1 (26.3) 45.1 (23.5) 0014
I'st trimester MLR 0.2 (0.1) 0.2 (0.1) 0.614
I'st trimester SII 851.9 (587.2) 756.3 (549.7) 0014
I'st trimester SIRI 1.4 (1.0) 1.1 (0.9) 0.021
I'st trimester AlS| 4072 (238.3) 316.0 (324.2) 0.007
3rd trimester NLR 4.7 (1.97) 39 (1.7) < 0.001
3rd trimester PLR 149.1 (71.1) 136.4 (76.7) < 0.001
3rd trimester PNR 30.5 (12.4) 35.8 (22.0) 0.004
3rd trimester PMR 517.3 (188.9) 522.7 (312.8) 0.412
3rd trimester MLR 0.2 (0.1) 0.2 (0.1) 0.005
3rd trimester Sl 1192.0 (654.6) 927.5 (691.5) 0.001
3rd trimester SIRI 24 (1.3) 1.7 (1.0) < 0.001
3rd trimester AlSI 639.7 (400.0) 393.0 (337.2) < 0.001

Note: Statistical test: Mann—Whitney U p < 0.05 was considered statistically significant.
Abbreviations: SlI, Systemic Inflammatory Index; SIRI, Systemic Inflammatory Response Index; AlSI, Aggregate Index of Systemic Inflammation; NLR, Neutrophil-to-
Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; PNR, Platelet-to-Neutrophil Ratio; PMR, Platelet-to-Monocyte Ratio; Hgb, hemoglobin; PLT, Platelet; 1%, First; 3™, Third.

Regarding inflammatory indices, there were no significant differences in first-trimester PLR (p = 0.483) or MLR (p =
0.614) between the groups. However, significant differences were found in first-trimester NLR (p = 0.050), PNR (p =
0.014), SII (p = 0.031), SIRI (p = 0.021), and AISI (p = 0.007) (Table 1). In the third trimester, PMR (p > 0.05) showed
no significant difference between groups, while significant differences were detected for NLR (p < 0.001), PLR (p =
0.046), PNR (p = 0.004), MLR (p = 0.005), SII (p = 0.005), SIRI (p < 0.001), and AISI (p < 0.001) (Table 2).

In the comparison of patients with PE with severe features and those without severe features, clinicodemographic
characteristics, maternal laboratory parameters, and inflammatory indices were found to be similar (Table 3 and Table 4).

Similarly, in the comparison between early-onset and late-onset preeclampsia groups, clinicodemographic character-
istics, maternal laboratory parameters, and inflammatory indices were comparable (Table 5 and Table 6).

ROC analysis In the PE group, the ROC analysis for predicting NICU admission demonstrated the following results:
third-trimester NLR (AUC: 0.689, p = 0.029, cutoff: 4.89, sensitivity: 75.0%, specificity: 69.2%), PLR (AUC: 0.750, p =
0.004, cutoff: 162.1, sensitivity: 62.5%, specificity: 61.5%), PMR (AUC: 0.679, p = 0.038, cutoff: 527.5, sensitivity:
62.5%, specificity: 61.5%), SII (AUC: 0.756, p = 0.003, cutoff: 1329.0, sensitivity: 68.8%, specificity: 66.7%), AISI
(AUC: 0.678, p = 0.040, cutoff: 695.0, sensitivity: 62.5%, specificity: 60.8%) (Table 7).
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Table 3 Evaluation of the Clinical and Demographic Characteristics of the PE-WSF and PE-

SF Groups

PE-WSF (n:110) | PE-SF (n:40) | p-value
Age (years), Median (IQR) 31.0 (7.0) 30.0 (8.0) 0.909
BMI (kg/m?), Median (IQR) 30.7 (8.6) 29.4 (10.9) 0.480
Systolic blood pressure (mmHg), Median (IQR) 136.0 (20.0) 150.0 (18.0) < 0.001
Diastolic blood pressure (mmHg), Median (IQR) | 80.0 (20.0) 85.0 (25.5) 0.001
Spot urine protein (mg/dL), Median (IQR) 2.0 (1.0) 3.0 (1.0) 0.460
24-hour urinary protein, Median (IQR) 990.0 (697.0) 1200.0 (685.0) | 0.514
Gestational week at delivery, Median (IQR) 37.4 (2.80) 37.0 (1.5) 0.879
Fetal weight (g), Median (IQR) 2700.0 (740.0) 2590.0 (685.0) | 0.261
I-minute APGAR, Median (IQR) 7.0 (0.5) 7.0 (1.0) 0.271
5-minute APGAR, Median (IQR) 9.0 (1.0) 9.0 (1.0) 0.632
Mode of delivery (C/S), (n/%) 65 (59.0%) 22 (55.0%) 0.671

Note: Statistical test: Mann—Whitney U p < 0.05 was considered statistically significant.
Abbreviations: PE-WSF, PE without severe features; PE-SF, PE with severe features; IQR, Interquartile Range; PE,

preeclampsia; C/S, Cesarean Section; BMI, Body mass index.

Table 4 Evaluation of Maternal Laboratory Findings, SlI, SIRI and AISI Results in the PE-WSF

and PE-SF Groups

PE-WSF (n:110) Median (IQR) | PE-SF (n:40) Median (IQR) | p-value
Ist trimester NLR | 2.9 (1.3) 3.2 (1.0) 0.488
I'st trimester PLR 128.7 (57.3) 127.6 (95.3) 0.829
Ist trimester PNR | 42.1 (22.3) 41.1 (30.4) 0.764
I'st trimester MLR | 0.1 (0.1) 0.2 (0.1) 0.382
I'st trimester SlI 754.8 (474.8) 784.8 (580.0) 0.534
I'st trimester SIRI 1.1 (1.06) 1.3 (1.06) 0.250
I'st trimester AISI | 318.8 (321.3) 385.2 (266.2) 0.242
3rd trimester NLR | 4.4 (1.9) 4.1 (2.5) 0.422
3rd trimester PLR | 142.8 (72.1) 118.4 (90.3) 0.205
3rd trimester PNR | 30.9 (12.4) 304 (14.7) 0.600
3rd trimester PMR | 529.4 (168.9) 433.3 (264.4) 0.422
3rd trimester MLR | 0.2 (0.1) 0.2 (0.1) 0417
3rd trimester SlI 1183.8 (569.4) 964.7 (921.2) 0.361
3rd trimester SIRI | 2.3 (1.2) 2.1 (1.7) 0.787
3rd trimester AISI | 621.7 (376.7) 567.6 (593.2) 0.735

Note: Statistical test: Mann—Whitney U p < 0.05 was considered statistically significant.
Abbreviations: PE-WSF, PE without severe features; PE-SF, PE with severe features; PE, preeclampsia; SllI, Systemic
Inflammatory Index; SIRI, Systemic Inflammatory Response Index; AlSI, Aggregate Index of Systemic Inflammation; NLR,
Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; PNR, Platelet-to-Neutrophil Ratio; PMR, Platelet-to-
Monocyte Ratio; |, First; 3", Third; MLR, Monocyte-to- Lymphocyte Ratio.
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Table 5 Evaluation of the Clinical and Demographic Characteristics of the Early Onset and Late Onset

Preeclampsia Groups

Early Onset PE (n:100) | Late Onset PE (n:50) | p-value
Age (years), Median (IQR) 31.0 (7.0) 30.0 (8.0) 0.831
BMI (kg/m?), Median (IQR) 30.6 (8.5) 31.6 (12.9) 0.856
Systolic blood pressure (mmHg), Median (IQR) 140.0 (23.0) 140.0 (15.0) 0.246
Diastolic blood pressure (mmHg), Median (IQR) | 80.0 (20.0) 80.0 (20.5) 0.617
Spot urine protein (mg/dL), Median (IQR) 3.0 (1.0) 3.0 (1.0) 0.132
24-hour urinary protein, Median (IQR) 1000.0 (605.0) 1290.0 (1150.0) 0.533
Gestational week at delivery, Median (IQR) 37.2 (2.75) 37.6 (1.07) 0.312
Fetal weight (g), Median (IQR) 2670.0 (672.0) 2660.0 (742.0) 0.520
I-minute APGAR, Median (IQR) 7.0 (0.0) 7.0 (1.25) 0.388
5-minute APGAR, Median (IQR) 9.0 (1.0) 9.0 (1.0) 0.391
Mode of delivery (n/%) (C/S) 58 (58.0%) 29 (58.0%) 0.953

Notes: Statistical test: Mann—Whitney U p < 0.05 was considered statistically significant.
Abbreviations: IQR, Interquartile Range; PE, preeclampsia; C/S, Cesarean Section; BMI, Body mass index.

Table 6 Evaluation of Maternal Laboratory Findings, Sll, SIRI and AlSI Results in
the Early Onset and Late Onset Preeclampsia Groups

Early Onset PE (n:100) | Late Onset PE (n:50) | p-value
Ist trimester NLR | 3.0 (1.3) 2.5 (1.9) 0.133
Ist trimester PLR 126.4 (65.0) 153.2 (114.3) 0.452
Ist trimester PNR | 41.6 (97.6) 542 (34.2) 0.123
Ist trimester MLR | 0.2 (0.1) 0.2 (0.1) 0.610
Ist trimester S| 787.5 (559.4) 655.4 (668.5) 0.239
Ist trimester SIRI 1.3 (1.0) 0.9 (0.7) 0.376
Ist trimester AISI | 351.1 (299.6) 245.6 (274.4) 0.482
3rd trimester NLR | 4.4 (1.8) 5.5 4.2) 0.291
3rd trimester PLR | 129.8 (75.1) 173.6 (80.0) 0.118
3rd trimester PNR | 30.6 (13.5) 33.6 (10.9) 0.856
3rd trimester PMR | 516.8 (201.2) 533.6 (195.4) 0.976
3rd trimester MLR | 0.2 (0.1) 0.3 (0.1) 0.097
3rd trimester SlI 1146.8 (632.6) 1131.9 (1157.7) 0.716
3rd trimester SIRI | 2.2 (1.3) 2.3 (2.47) 0.552
3rd trimester AISI | 597.4 (388.3) 520.0 (674.4) 0.894

Note: Statistical test: Mann—Whitney U p < 0.05 was considered statistically significant.
Abbreviations: PE, preeclampsia; SII, Systemic Inflammatory Index; SIRI, Systemic Inflammatory
Response Index; AlSI, Aggregate Index of Systemic Inflammation; NLR, Neutrophil-to-Lymphocyte
Ratio; MLR, Monocyte-to- Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; PNR, Platelet-to-
Neutrophil Ratio; PMR, Platelet-to-Monocyte Ratio; 1%, First; 3™, Third.
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Table 7 ROC Curve Analysis Results of Laboratory Parameters and Inflammatory Indices for Predicting Preeclampsia, CAPO, and
NICU Admission

Area | Standard p-value | AUC 95% AUC 95% Cl | Cut-off | Sensitivity | Specificity

Deviation Cl Lower Upper value (%) (%)

NICU | 3rd trimester NLR | 0.689 | 0.077 0.029 0.538 0.840 4.8 64.5 62.2
3rd trimester PLR 0.750 | 0.070 0.004 0.613 0.841 162.1 75.0 69.2

3rd trimester PMR | 0.679 | 0.083 0.038 0.518 0.841 527.5 62.5 61.5

3rd trimester SlI 0.756 | 0.065 0.003 0.629 0.884 1329.0 68.8 66.7

3rd trimester AlSI 0.678 | 0.078 0.040 0.526 0.830 695.0 62.5 60.8

CAPO | 3rd trimester NLR | 0.680 | 0.080 0.041 0.523 0.837 4.7 66.7 60.0
3rd trimester PLR 0.798 | 0.060 0.001 0.680 0917 164.8 733 725

3rd trimester PMR | 0.678 | 0.078 0.043 0.526 0.831 521.0 65.7 60.0

3rd trimester SlI 0.787 | 0.061 0.001 0.667 0.906 1363.0 733 70.0

3rd trimester AlSI 0.742 | 0.068 0.006 0.609 0.875 711.6 733 725

PE Ist trimester PNR | 0.619 | 0.048 0.014 0.525 0.713 42.6 63.6 59.0
Ist trimester NLR | 0.595 | 0.045 0.050 0.506 0.685 33 582 58.0

I'st trimester SlI 0.619 | 0.044 0.014 0.533 0.706 822.0 582 55.0

I'st trimester AlSI 0.630 | 0.044 0.007 0.544 0.716 362.7 63.6 59.0

Note: p < 0.05 was considered statistically significant.

Abbreviations: Sll, Systemic Inflammatory Index; SIRI, Systemic Inflammatory Response Index; AlSI, Aggregate Index of Systemic Inflammation; NLR, Neutrophil-to-
Lymphocyte Ratio; PNR, Platelet-to-Neutrophil Ratio; PLR, Platelet-to-Lymphocyte Ratio; PMR, Platelet-to-Monocyte Ratio; NICU, Neonatal intensive care unit; CAPO,
Composite adverse perinatal outcomes 1%, First; 3rd, Third. AUC, Area Under the Curve; PE, Preeclampsia.

For CAPO prediction, ROC analysis revealed: Third-trimester NLR (AUC: 0.680, p = 0.041, cutoff: 4.7, sensitivity:
66.7%, specificity: 60.0%), PLR (AUC: 0.798, p = 0.001, cutoff: 164.8, sensitivity: 73.3%, specificity: 72.5%), PMR
(AUC: 0.678, p = 0.043, cutoff: 521.0, sensitivity: 65.7%, specificity: 60.0%), SII (AUC: 0.787, p = 0.001, cutoff:
1363.0, sensitivity: 73.3%, specificity: 70.0%), AISI (AUC: 0.742, p = 0.006, cutoff: 711.6, sensitivity: 73.3%,
specificity: 72.5%) (Table 7).

For PE prediction, the ROC analysis yielded: First-trimester PNR (AUC: 0.619, p = 0.014, cutoff: 42.6, sensitivity:
63.6%, specificity: 59.0%), NLR (AUC: 0.595, p = 0.050, cutoff: 3.36, sensitivity: 58.2%, specificity: 58.0%), SII (AUC:
0.619, p = 0.014, cutoff: 822.0, sensitivity: 58.2%, specificity: 55.0%), AISI (AUC: 0.630, p = 0.007, cutoff: 362.7,
sensitivity: 63.6%, specificity: 59.0%) (Table 7).

All ROC curve plots corresponding to these findings are presented in Figures 1-4.

Multivariable logistic regression analysis was performed for the biochemical indices that were found to be significant
in ROC analysis for the prediction of preeclampsia, NICU admission, and CAPO. As a result of the analysis, third-
trimester PLR was identified as an independent predictor of NICU admission, while third-trimester PLR and PMR were
identified as independent predictors of CAPO (p < 0.05) (Tables 8 and 9).

While first-trimester SII and AISI (p > 0.005) lost their significance for the prediction of PE, NLR and PNR (p < 0.05)
remained strong independent predictors (Table 10).

Discussion
The aim of this study was to compare the SII, SIRI, and AISI values of patients diagnosed with PE with those of healthy

controls and to investigate their role in predicting adverse pregnancy outcomes.
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Figure | ROC curve analysis of third-trimester NLR, PLR, PMR, SlI, and AlSI for predicting NICU admission in the preeclampsia group.
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Figure 2 ROC curve analysis of third-trimester NLR, PLR, PMR, SlI, and AlSI for predicting CAPO in the preeclampsia group.

In our study, patients in the PE group had significantly higher BMI, C/S, CAPO, NICU admissions, PTD, while
gestational age at delivery, 1-minute APGAR, 5-minute APGAR, and cord pH were significantly lower. Significant
differences were observed between the study and control groups in first-trimester neutrophil, and lymphocyte counts;
third-trimester Hgb, and neutrophil levels; as well as first- trimester NLR, PNR, SII, SIRI, and AISI, and third- trimester
NLR, PLR, PNR, MLR, SII, SIRI, and AISI values. In the PE group, ROC analysis for predicting CAPO and NICU
admission revealed significant results for NLR, PLR, PMR, SII, and AISI, whereas ROC analysis for PE prediction
demonstrated significance for NLR, PNR, SII, and AISI. Following ROC analysis, multivariable logistic regression
revealed that PLR independently predicted NICU admission, PLR and PMR independently predicted CAPO, and NLR
and PNR independently predicted PE.
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Figure 3 ROC curve of first-trimester PNR for predicting preeclampsia.
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Figure 4 ROC curve analysis of first-trimester NLR, SlI, and AlSI for predicting preeclampsia.
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Table 8 Multivariate Regression Analysis to Investigate Independent Predictors of NICU Admission

Model | (NLR) OR
(95% CI), p-value

Model 2 (PLR) OR
(95% CI), p-value

Model 3 (PMR) OR
(95% CI), p-value

Model 4 (SII) OR
(95% CI), p-value

Model 5 (SIRI) OR
(95% CI), p-value

Model 6 (AISI) OR
(95% CI), p-value

Maternal Age (years)

1.036 (0.935-1.148) 0.501

1.032 (0.927-1.148) 0.568

1.050 (0.947-1.164) 0.354

1.034 (0.933-1.147) 0.521

1.037 (0.935-1.149) 0.496

1.035 (0.933-1.148) 0.519

Gravidity

0.893 (0.597-1.337) 0.583

0.887 (0.581-1.354) 0.579

0.854 (0.571-1.279) 0.444

0.892 (0.596-1.336) 0.579

0.895 (0.598-1.340) 0.590

0.894 (0.597-1.339) 0.586

BMI (kg/m?)

0.865 (0.780-0.961) 0.007

0.863 (0.776-0.960) 0.007

0.862 (0.779-0.955) 0.004

0.867 (0.781-0.963) 0.008

0.863 (0.778-0.958) 0.006

0.864 (0.778-0.960) 0.006

3rd trimester NLR

1.034 (0.929-1.150) 0.541

3rd trimester PLR

1.01'1 (1.002—-1.019) 0.016

3rd trimester PMR

1.002 (0.999-1.004) 0.135

3rd trimester Sl

1.000 (1.000-1.001) 0.464

3rd trimester SIRI

1.038 (0.838-1.286) 0.735

3rd trimester AlSI

1,000 (1.000-1.001) 0.559

Note: p < 0.05 was considered statistically significant.

Abbreviations: SlI, Systemic Inflammatory Index; SIRI, Systemic Inflammatory Response Index; AlSI, Aggregate Index of Systemic Inflammation; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; PMR, Platelet-
to-Monocyte Ratio; NICU, Neonatal intensive care unit; 3"’. Third; BMI, Body mass index; OR, Odds Ratio; Cl, Confidence Interval.
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Table 9 Multivariate Regression Analysis to Investigate Independent Predictors of CAPO

Model | (NLR) OR
(95% Cl), p-value

Model 2 (PLR) OR
(95% CI), p-value

Model 3 (PMR) OR
(95% Cl), p-value

Model 4 (SII) OR
(95% CI), p-value

Model 5 (SIRI) OR
(95% CI), p-value

Model 6 (AISI) OR
(95% Cl), p-value

Maternal Age (years)

0.992 (0.903-1.091) 0.871

0.983 (0.888-1.087) 0.734

1.026 (0.930-1.133) 0.604

0.989 (0.899-1.088) 0.819

0.994 (0.904-1.093) 0.898

0.989 (0.899-1.089) 0.828

Gravidity

0.966 (0.676—1.380) 0.849

0.956 (0.651-1.402) 0.817

0.849 (0.580-1.243) 0.401

0.965 (0.675-1.381) 0.847

0.969 (0.678-1.385) 0.862

0.972 (0.679-1.390) 0.875

BMI (kg/m?)

0.921 (0.8441.006) 0.068

0.917 (0.835-1.005) 0.065

0.904 (0.826-0.990) 0.030

0.924 (0.846—1.010) 0.082

0.919 (0.842—-1.003) 0.060

0.922 (0.844-1.007) 0.070

3rd trimester NLR

1,038 (0.937-1.151) 0.474

3rd trimester PLR

1.016 (1.010-1.025) 0.010

3rd trimester PMR

1.003 (1.001-1.005) 0.018

3rd trimester SlI

1.000 (1.000-1.001) 0.290

3rd trimester SIRI

1.018 (0.823-1.258) 0.872

3rd trimester AlSI

1.000 (1.000-1.002) 0.439

Note: p < 0.05 was considered statistically significant.

Abbreviations: SlI, Systemic Inflammatory Index; SIRI, Systemic Inflammatory Response Index; AlSI, Aggregate Index of Systemic Inflammation; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; PMR, Platelet-
to-Monocyte Ratio; CAPO, Composite adverse perinatal outcome; 3™, Third; BMI, Body mass index; OR, Odds Ratio; Cl, Confidence Interval.
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Table 10 Multivariate Regression Analysis to Investigate Independent Predictors of Preeclampsia

Model | (NLR) OR
(95% CI), p-value

Model 2 (PNR) OR
(95% CI), p-value

Model 3 (SIl) OR
(95% CI), p-value

Model 6 (AISI) OR
(95% CI), p-value

Maternal Age (years)

0.208 (0.112—-1.311) 0.001

1.204 (1.110-1.306) 0.001

1.208 (1.113-1.311) 0.001

1.207 (1.112—-1.309) 0.001

Gravidity

0.715 (0.551-0.929) 0.012

0.710 (0.547-0.921) 0.010

0.711 (0.548-0.923) 0.010

0.707 (0.544-1.917) 0.009

BMI (kg/m?)

1.215 (1.124-1.314) 0.001

1.202 (1.114-1.297) 0.001

1.208 (1.119-1.304) 0.0001

1.205 (1.117-1.300) 0.001

I'st trimester NLR 0.557 (0.470-1.060) 0.016

Ist trimester PNR 0.970 (0.949-0.996) 0.033

I'st trimester Sl 1.000 (0.998-1.000) 0.472

I'st trimester AlSI 1.000 (0.999-1.001) 0.748

Note: p < 0.05 was considered statistically significant.
Abbreviations: Sll, Systemic Inflammatory Index; AlSI, Aggregate Index of Systemic Inflammation; PNR, Platelet-to-Neutrophil Ratio; NLR, Neutrophil-to-Lymphocyte
Ratio; BMI, Body mass index; OR, Odds Ratio; Cl, Confidence Interval; 1%, First.

SII is increasingly recognized as a critical component in the pathogenesis of PE. The inflammatory response is
associated not only with PE itself but also with adverse perinatal outcomes (APO). Previous studies have shown that
pregnant women with poor fetal outcomes exhibit elevated levels of inflammatory factors in both maternal blood and
amniotic fluid.'""'? Recently, inflammatory markers derived from complete blood count (CBC) have attracted increasing
interest due to their low cost, simplicity, and accessibility in predicting various diseases.'*

A substantial number of studies in the literature have examined inflammatory indices in relation to PE. In the meta-
analysis by Kang et al, which included 15 studies investigating NLR, it was reported that NLR values were significantly
higher in both severe and non-severe PE groups compared with healthy controls.'> In the study by Yavuzcan et al,
a significant difference in NLR was found between the severe PE group and non-healthy pregnant women, while PLR did
not show a significant difference.'® Similarly, Akdulum et al reported that first-trimester SII values were significantly
higher in the PE group compared with controls and that SII was a significant predictor of PE, although its sensitivity was
low, suggesting that its predictive performance could be improved when combined with other parameters.'’

In our study, consistent with the findings of Yavuzcan et al, NLR values were significantly higher in the PE group
compared to controls. In addition, PLR values were also found to be significantly higher in the third trimester in the
preeclampsia group. We believe that the lack of a significant difference in PLR reported by Yavuzcan et al may be related
to their smaller sample size and the inclusion of only patients with severe PE. Furthermore, in line with the study by Akdulum
et al, first-trimester SII values were also significantly higher in our study. Similarly, ROC analysis for predicting PE showed
that NLR and SII were significant predictors; however, their sensitivity remained low, consistent with previous studies.

In the study by Altuntas et al, which evaluated NLR, SII, and SIRI values in 311 patients with preterm delivery, it was
found that NLR, SII, and SIRI levels were significantly higher in the preterm birth group. After adjustment for confounding
factors using multivariate regression analysis, higher NLR and SII values remained significantly associated with an increased
risk of preterm birth.'® Similarly, in our study, consistent with these findings, NLR and SII values were significantly higher in
the PE group, while gestational age at delivery and fetal birth weight were significantly lower. It is possible that the heightened
inflammatory state may trigger biological mechanisms involved in the onset of labor, leading to earlier delivery.

In the study conducted by Seyhanli et al, six inflammatory indices, NLR, PLR, MLR, SII, SIRI, and PIV, were evaluated in
the first trimester for their predictive value in PE. Among these, SIRI and PIV were found to be significant predictors of PE,
although their sensitivity (56.2% and 55.2%, respectively) and specificity (55.6% and 55%) were relatively low.” In our study,
a total of 12 hematologic parameters and 7 inflammatory indices were analyzed. For PE prediction, First-trimester NLR, SII,
and AISI were found to be significant, with AISI showing the highest level of significance. Although our findings are generally
consistent with the literature, some discrepancies exist among studies regarding which indices demonstrate significance. We
believe these inconsistencies may result from differences in sample size, disease severity, and the inclusion of comorbid
systemic conditions, while also contributing valuable insight to the existing literature.
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Ozkan et al divided their participants into three groups: severe PE, mild PE, and a control group. They then compared
SII, PIV, and SIRI values among these groups. At the end of the study, they observed that SII, PIV, and SIRI levels were
significantly higher in both the severe and mild PE groups compared to the control group. In analyses predicting PE
severity, AISI emerged as a strong predictor overall, while SII was particularly strong for mild PE, and SIRI for severe
PE."” Unlike the study by Ozkan et al, our study focused on the predictive value of first-trimester inflammatory indices
for the development of PE rather than disease severity. In our ROC analysis for PE prediction, first-trimester NLR, PNR,
SII, and AISI were found to be significant, with AISI showing the highest level of significance among these indices.
However, in the multivariable regression analysis, these indices were not identified as independent predictors. This
finding suggests that although these indices may have potential diagnostic value, their predictive performance may be
influenced by other clinical factors and should therefore be interpreted with caution.

There are very few studies in the literature investigating the relationship between PE and NICU or CAPO. In a case-
control study by Zhuang et al including 749 women with preeclampsia, designed to explore the predictive role of
inflammatory markers for adverse outcomes, the PE group showed significantly higher maternal age and BMI, but lower
gestational age and birth weight, as well as higher NICU admission rates, placental abruption, and cesarean section
rates.”’ Our findings are consistent with those of Zhuang et al, demonstrating similar trends.

In the same study by Zhuang et al, while PLR did not differ significantly between groups, NLR, SII, and SIRI were
significantly higher among patients with adverse pregnancy outcomes. The AUC values for predicting adverse outcomes
were 0.632 for NLR, 0.627 for SII, and 0.669 for SIRI, with optimal cutoff values of 4.959, 1070.408, and 3.346,
respectively.®® In our study, we similarly observed significantly higher NLR, SII, and SIRI values in the PE group.
Furthermore, NLR, SII, and AISI were found to be significant predictors of both NICU and CAPO, reinforcing the
association between systemic inflammation and adverse pregnancy outcomes. However, after adjustment for confounding
factors including maternal age, gravidity, and BMI, multivariable logistic regression analysis showed that third-trimester
PLR was an independent predictor of NICU admission, third-trimester PLR and PMR were independent predictors of
CAPO, and first-trimester NLR and PNR were independent predictors of PE. These findings suggest that certain
inflammatory indices may have independent predictive value not only for PE but also for specific APO. Nevertheless,
these associations should be interpreted in conjunction with clinical variables and disease severity.

The strengths of this study include its case-control design in a tertiary referral center, allowing for the comprehensive
assessment of a broad range of hematologic and inflammatory indices in both the first and third-trimesters. Moreover,
evaluating these indices in relation to both preeclampsia prediction and adverse perinatal outcomes provides a more
integrated and clinically meaningful perspective.

The limitations of this study include its single-center and retrospective design, the relatively small sample size, the
lack of evaluation of severe PE prediction, and the limited availability of detailed obstetric history data. These factors
may have affected the adjustment for potential confounding variables and the generalizability of the findings.

Conclusion

In this study, NLR, PLR, SII, and AISI were found to be significant predictors for NICU and CAPO, while NLR, PNR, SII, and
AISI were significant for the prediction of PE. However, after adjustment for confounding factors including maternal age,
gravidity, and BMI, multivariable logistic regression analysis showed that third-trimester PLR was an independent predictor of
NICU admission, third-trimester PLR and PMR were independent predictors of CAPO, and first-trimester NLR and PNR
were independent predictors of PE. These findings suggest that certain inflammatory indices may have independent predictive
value for PE, NICU, and CAPO. However, they should be interpreted in conjunction with clinical variables and considered as
supportive adjuncts rather than stand-alone decision-making tools in clinical practice.
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