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Abstract

Aim: To investigate the association between first-trimester systemic inflammatory indices and the subsequent development of preeclampsia
and to evaluate their predictive performance as early screening markers.

Methods: This retrospective case-control study included 123 women who subsequently developed preeclampsia and 121 healthy pregnant
controls. Inflammatory indices, including neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-
inflammation index (Sll), systemic inflammation response index (SIRI), aggregate index of systemic inflammation (AISI), and systemic
inflammation marker index (SIMI), were calculated and compared between groups. Receiver operating characteristic (ROC) curve analysis was
performed to assess their predictive value.

Results: Maternal age and gestational age at sampling were similar between groups, whereas parity was significantly higher in the preeclampsia
group (P < .001). Women who subsequently developed preeclampsia had significantly lower neutrophil counts and higher lymphocyte counts
than controls. Accordingly, NLR, SlI, SIRI, and AISI were significantly lower in the preeclampsia group (P < .01), while PLR and SIMI did not
differ significantly. ROC analysis demonstrated that NLR had the highest predictive performance (AUC: 0.677, 95% Cl: 0.610-0.744), followed
by SIRI (AUC: 0.648, 95% Cl: 0.579-0.717). Although statistically significant, the overall discriminative abilities of these markers were limited.

Conclusion: First-trimester inflammatory indices are associated with the subsequent development of preeclampsia. Among the evaluated
markers, NLR and SIRI demonstrated the best predictive performance; however, their clinical utility as standalone screening tools appears
limited. These inexpensive biomarkers may contribute to multifactorial prediction models for identifying women at risk for preeclampsia.
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Introduction

Preeclampsia remains one of the leading causes of maternal
and perinatal morbidity and mortality worldwide, affecting
approximately 2-8% of pregnancies. Characterized by new-
onset hypertension and multisystem involvement after 20 weeks
of gestation, preeclampsia is associated with severe maternal
complications, including eclampsia, stroke, renal failure, and
hepatic dysfunction, as well as adverse fetal outcomes such as
fetal growth restriction, preterm birth, and perinatal death. Despite
substantial advances in obstetric care, the ability to accurately
predict preeclampsia before the onset of clinical manifestations
remains limited, highlighting the need for reliable, accessible, and
cost-effective early biomarkers 2

The pathophysiology of preeclampsia is complex and multifactorial.
Although its exact etiology has not been fully elucidated, abnormal
placentation during early pregnancy is considered a central event
in disease development. Inadequate trophoblastic invasion and
impaired remodeling of the spiral arteries result in placental
hypoperfusion, oxidative stress, and the release of pro-inflammatory
and antiangiogenic factors into the maternal circulation. These
processes subsequently trigger widespread endothelial dysfunction
and an exaggerated maternal inflammatory response, ultimately
leading to the clinical manifestations of the disease."® Increasing
evidence suggests that inflammation is not merely a consequence
of placental dysfunction but rather a critical component of the
pathogenic cascade that begins during the first trimester.>*

Routine complete blood count parameters have gained considerable
attention as potential indicators of systemic inflammation. In
recent years, several hemogram-derived inflammatory indices
have been proposed as practical biomarkers reflecting the balance
between innate and adaptive immune responses. Among these, the
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), monocyte-to-lymphocyte ratio (MLR), systemic immune-
inflammation index (SlI), systemic inflammation response index
(SIRI), aggregate index of systemic inflammation (AISI), and pan-
immune-inflammation value (PIV) have demonstrated diagnostic
and prognostic value in various diseases.>*”’ These indices offer
several advantages, including low cost, wide availability, and ease of
calculation from routinely obtained laboratory data. Recent studies
have explored the association between systemic inflammatory
markers and adverse pregnancy outcomes, including preeclampsia.
However, the majority of available investigations have focused on
inflammatory parameters measured during the second or third
trimester, often after the disease process has already become
clinically apparent. Consequently, evidence regarding the predictive
value of first-trimester inflammatory indices remains limited and
inconsistent.>#9 Given that the pathological processes underlying
preeclampsia begin well before the onset of symptoms, the
identification of inflammatory alterations during early gestation
may provide valuable opportunities for risk stratification and
timely preventive interventions. Therefore, the present study
aimed to evaluate the association between first-trimester
systemic inflammatory indices and the subsequent development of
preeclampsia. Additionally, we assessed the predictive performance
of these biomarkers as screening tools in routine obstetric practice.

Materials and Methods

Study Design and Population

This study was designed as a retrospective case-control study and
included patients who presented to the Department of Obstetrics
and Gynecology at Aksaray Training and Research Hospital during

early pregnancy between December 2021 and July 2025. The
study aimed to investigate the predictive value of first-trimester
systemic inflammatory indices for the subsequent development of
preeclampsia.

Complete blood count (CBC) measurements were performed
using an automated hematology analyzer (Mindray, BC-6000,
China) according to the manufacturer’s instructions. The analyzer
was routinely calibrated and subjected to internal quality control
procedures throughout the study period to ensure the accuracy and
reliability of hematological measurements.This observational study
was conducted and reported in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
Statement. All applicable items of the STROBE checklist were
considered during study design, data analysis, and manuscript
preparation.

A total of 244 pregnant women were included in the study. The
preeclampsia group consisted of 123 women who subsequently
developed preeclampsia during pregnancy, while the control
group included 121 healthy pregnant women with uncomplicated
pregnancies and no history of hypertensive disorders. Preeclampsia
was diagnosed according to the criteria established by the
American College of Obstetricians and Gynecologists. Briefly,
preeclampsia was defined as new-onset hypertension (systolic
blood pressure =140 mmHg and/or diastolic blood pressure =90
mmHg on at least two occasions four hours apart after 20 weeks
of gestation) accompanied by proteinuria or evidence of maternal
organ dysfunction.

Maternal demographic characteristics and laboratory data were
obtained from the hospital’s electronic medical record system.
Complete blood count parameters measured during routine first-
trimester screening (11-14 weeks of gestation) were recorded.
Based on these parameters, systemic inflammatory indices
including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), systemic immune-inflammation index (SlI),
systemic inflammation response index (SIRI), aggregate index of
systemic inflammation (AISI), Systemic Inflammation Modulation
Index (SIMI) were calculated. The control group was selected
from pregnant women with singleton pregnancies who remained
normotensive throughout gestation and delivered healthy neonates
at term. To minimize potential confounding effects, women with
chronic hypertension, pregestational diabetes mellitus, autoimmune
diseases, acute or chronic inflammatory disorders, hematological
diseases, active infections, multiple pregnancies, fetal congenital
anomalies, or incomplete medical records were excluded from
the study. All procedures were performed in accordance with the
ethical standards of the institutional research committee and the
principles of the Declaration of Helsinki.

Since this was a retrospective study, no additional blood samples
were collected from the participants.

The inflammatory indices were calculated using the following
formulas:

« NLR = neutrophil / lymphocyte

+ PLR = platelet / lymphocyte

« SlI = (neutrophil x platelet) / lymphocyte

« SIRI = (neutrophil x monocyte) / lymphocyte

« AISI = (neutrophil x platelet x monocyte ) / lymphocyte
+ SIMI = (monocyte x platelet) / lymphocyte

Inclusion and Exclusion Criteria
This retrospective case—control study included pregnant women
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who underwent routine first-trimester screening at our institution
between 11+0 and 13+6 weeks of gestation and had complete
clinical and laboratory records available for review. Women who
subsequently developed preeclampsia during pregnancy constituted
the preeclampsia group, whereas healthy pregnant women who
remained normotensive throughout gestation and experienced no
major maternal or fetal complications were included in the control
group. Only singleton pregnancies with available first-trimester
complete blood count parameters were considered eligible for
analysis.

To ensure the reliability of systemic inflammatory indices and
reduce potential confounding factors, several exclusion criteria
were applied. Women with multiple pregnancies, pre-existing
chronic hypertension, pregestational diabetes mellitus, chronic
renal or hepatic disease, autoimmune disorders, hematological
diseases, or active infections at the time of blood sampling were
excluded. Pregnancies complicated by fetal congenital anomalies
or chromosomal abnormalities were also excluded. In addition,
patients receiving medications known to affect inflammatory
or hematological parameters, as well as those with incomplete
clinical, laboratory, or obstetric records, were not included in the
study.

Ethical Approval
This study was approved by the Aksaray University Ethics
Committee (Date: 25.12.2025; Decision No: SAGETIK 2025-165).

Statistical Analysis

Sample size calculation was performed using G-Power software
(v3.1.2). Based on a medium effect size (Cohen’s d = 0.50), an alpha
level of 0.05, and the study sample sizes (123 Preeclampsi and
121 Controls), the statistical power of the study was calculated
as 95%.

Statistical analyses were performed using the MedCalc statistical
software package (version 20.009; Ostend, Belgium). Arithmetic
mean, standard deviation, median, 25th and 75th percentiles values
were used to statistically describe the data. The Kolmogorov-
Smirnov test was used to determine whether the groups conformed
to a normal distribution. The Independent t-test was used for
pairwise comparisons of groups. The Mann-Whitney U test was
used for pairwise comparisons of groups that did not conform to a
normal distribution. In the comparison tables, data conforming to
a normal distribution were shown as mean and standard deviation
(SD), while data that did not conform were shown as median (25th
p - 75th p). ROC analysis was performed to evaluate and compare
the diagnostic performance of the measured and calculated
laboratory parameters. The Youden J index was used to obtain
the optimal cutoff value, and the relevant sensitivity, specificity,
positive predictive and negative predictive values, area under the
curve (AUC), and 95% confidence intervals (Cl) were presented. A
significance level of P < .05 was used in interpreting the results.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Table 1. Demographic Information of the Study Groups.

Characteristics

Preeclampsia n (123)
(25-35)

Age,y mean (SD) 29.0
Parity, median (25p-75p) 3.0
Gestationa, we median (25p-75p) 9.0

*Mann- Whitney U test

Table 2. Comparison of the Blood Parameters of the Study and
Control Groups

Groups median (25p-75p)

Preeclampsia Control
n (123) n(121)
Hb, g/dL 12.9 (12-14) 125 (11-14) .011*
UREA, mg/dL 180 (15-21) 16  (14-21) 137
CREA, mg/dL 060 (0.14) 0.56 (0.1) .036*
ALT, IU/L 13 (10-19) 14 (11-18) .670
AST, IU/L 17 (14-21) 18 (15-23) .029**
(4.9- (5.8- <
3
NEU, 10%/L 6.1 7.7) 76 12) 001
(1.92- (1.56-
3 k%
LYMPH, 103/L  2.31 2.73) 2.01 2339) .001
(0.39- (0.41-
3
MONO, 10°/L  0.49 0.63) 0.53 0.68) 154
<
3
PLT, 10%/L 272 (69) 233 (56) 001*
(1.99- (2.45- <
NLR 2.64 3.28) 5.62 7.34) .001**
(94- (94-
PLR 114 140) 117 146) 931
(553- (631- "
Sll 728 968) 835 1405) .007
(0.86- (1.14- <
SIRI 1.37 22) 1.84 51) 001
(220- (278- o
AlSI 348 571) 426 890) .009
SIMI 58  (43-81) 61  (45-84) .397

*Independent Samples t test, ** Mann-Whitney U test

Results

A total of 244 pregnant women were included in the study,
comprising 123 patients who subsequently developed preeclampsia
and 121 healthy controls. The demographic characteristics of the
study population are presented in Table 1.

Maternal age and gestational week at the time of first-trimester
evaluation were comparable between the groups (P = .419 and
P = 115, respectively). However, parity was significantly higher
in the preeclampsia group than in the control group (P < .001).
The comparison of hematological and biochemical parameters
between the groups is shown in Table 2.

Hemoglobin levels were significantly higher in women who later
developed preeclampsia than in controls (P = .011). Similarly,
serum creatinine levels were modestly but significantly elevated
in the preeclampsia group (P = .036). In contrast, AST levels were

Groups
P value
Control n (121)
29.0 (26-34) 419
(1-4) 1.0 (0-2) <.001*
(8-10) 9.0 (8-11) 115
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Table 3. Diagnostic Performance of Inflammatory Markers

Sensitivity Specificity
NLR <3.28 75.6 54.6
PLR >124 45.5 62.0
Sl <1166 87.0 31.4
SIRI <3.30 943 33.1
AlSI <654 80.5 355
SIMI <59 529 57.0

AUC (95% ClI)

62.8 68.8 0.677 (0.610-0.744) <.001
54.9 52.8 0.503 (0.430-0.576) .932
56.3 70.4 0.600 (0.529-0.671) .006
58.9 85.1 0.648 (0.579-0.717) <.001
559 64.2 0.597 (0.526-0.668) .008
556 543 0.531 (0.459-0.604) .398

AUC, Area under curve; Cl, Confidence interval; PPV, Positive predictive value; NPV, Negative predictive value

slightly lower in the preeclampsia group compared with controls
(P =.029), whereas no significant differences were observed for
urea or ALT levels (P > .05).

[ Patients assessed for eligibility (n = 300) ]

(Excluded patients (n = 56)

+ Multiple pregnancies

+ Chronic kidney disease

+ Autoimmune/inflammatory diseases
« Chronic hypertension

« Active infections

+ Incomplete clinical data
(.

Y

[Patients included in the analysis (n = 244) j

|
!

’ [ Control ’

(n=121)
Figure 1. Flowchart of patient selection and group allocation in the
study.

‘ Preeclampsia
(n=123)

Analysis of complete blood count parameters revealed significantly
lower neutrophil counts and higher lymphocyte counts in the
preeclampsia group compared with controls (both P =< .001).
Platelet counts were also significantly elevated in women who
developed preeclampsia (P < .001). No significant difference was
detected in monocyte counts between the groups (P = .154).

Regarding inflammatory indices, NLR, SlI, SIRI, and AISI values
were significantly lower in the preeclampsia group than in the
control group (P < .01). In contrast, PLR and SIMI values did not
differ significantly between the groups (P = .931 and P = .397,
respectively).

Receiver operating characteristic (ROC) curve analyses were
performed to evaluate the predictive performance of inflammatory
indices for preeclampsia (Table 3, Figure 2).

NLR demonstrated limited discriminative ability, with an AUC of
0.677 (95% Cl: 0.610-0.744, P < .001), yielding a sensitivity of
75.6% and a specificity of 54.6% at a cut-off value of <3.28. SIRI
showed the highest sensitivity (94.3%) at a cut-off value of <3.30
and achieved an AUC of 0.648 (95% Cl: 0.579-0.717, P <.001). S|
and AlSI also showed statistically significant but limited predictive
performance, with AUC values of 0.600 and 0.597, respectively.
PLR and SIMI did not demonstrate significant discriminative ability
for predicting preeclampsia (AUC=0.503, P = .932 and AUC = 0.531,
P =.398, respectively).

Discussion

In the present study, first-trimester inflammatory indices were
evaluated in women who subsequently developed preeclampsia
and compared with healthy controls. The main finding was that
NLR, SlI, SIRI, and AlSI were significantly lower in the preeclampsia
group, whereas PLR and SIMI did not differ significantly
between groups. ROC analysis showed that NLR had the highest
discriminative ability, followed by SIRI; however, the overall
predictive performance of these markers was limited.

Preeclampsia is widely considered a disorder involving abnormal
placentation, endothelial dysfunction, oxidative stress, and
maternal immune dysregulation. Therefore, inflammatory indices
derived from complete blood count parameters have attracted
increasing attention as inexpensive and accessible biomarkers
for early prediction. Several previous studies have reported higher
first-trimester inflammatory markers in pregnancies that later
developed preeclampsia. Gezer et al. found that elevated first-
trimester NLR and PLR were independent predictors of subsequent
preeclampsia, supporting the role of early systemic inflammation
in disease development.®> Similarly, Oglak et al. reported that first-
trimester MPV, NLR, and PLR values may be clinically useful in
predicting preeclampsia.®

More recently, studies evaluating composite inflammatory markers
have also suggested a possible association between increased
systemic inflammation and preeclampsia. Akdulum et al. reported
that first-trimester Sl was significantly higher in women who later
developed preeclampsia, suggesting that SIl may reflect early
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Figure 2. ROC curve comparison of inflammatory markers
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inflammatory activation.'® Ozkan et al. similarly found that higher
Sll, SIRI, and PIV values were associated with an increased risk of
future preeclampsia.”” These findings are partly inconsistent with
our results, as we observed significantly lower NLR, SlI, SIRI, and
AlSI values in the preeclampsia group.

This discrepancy may be explained by several factors. First,
inflammatory indices in early pregnancy may not always reflect
overt systemic inflammation; rather, they may represent the
balance between maternal immune tolerance and inflammatory
activation. In our cohort, lower neutrophil counts and higher
lymphocyte counts in the preeclampsia group appear to be the
main drivers of reduced NLR, Sll, SIRI, and AlSI values. This may
indicate altered immune adaptation during early placentation
rather than a simple increase in inflammation. Second, differences
in study design, population characteristics, ethnicity, gestational
age at blood sampling, disease severity, and exclusion criteria may
influence the direction and magnitude of these associations.

Importantly, not all studies support a consistent increase in
inflammatory indices before preeclampsia. Yu et al. reported
no significant differences in NLR or PLR between preeclamptic
and normotensive pregnancies across different trimesters.'? In
addition, Seyhanli et al. found that first-trimester SIRI and PIV
showed potential predictive value, whereas NLR, PLR, and SlI
were not uniformly strong predictors.® These inconsistent findings
suggest that hematological inflammatory indices may be affected
by population-specific and methodological factors and should not
be interpreted as universal standalone markers.

Our findings are particularly compatible with the recent study
by Sahin et al, who also reported that first-trimester Sl was
significantly lower in women who later developed preeclampsia.’
This supports the possibility that, in some populations, preeclampsia
may be associated with impaired or insufficient early inflammatory
adaptation rather than exaggerated inflammatory activation.
Therefore, the relationship between first-trimester inflammatory
indices and preeclampsia may be more complex than previously
assumed.

In the present study, NLR showed the highest AUC value, followed
by SIRI, but both markers demonstrated only modest discriminative
ability. This finding is consistent with the 2024 meta-analysis by
Mészaros et al., which emphasized that although first-trimester
NLR has been widely studied, its predictive value for preeclampsia
remains limited and heterogeneous across studies.® Therefore, our
results suggest that NLR and SIRI may be useful as supportive
markers, but they are unlikely to be sufficient for clinical prediction
when used alone.

Overall, our study contributes to the growing body of evidence
showing that first-trimester inflammatory indices are associated
with later preeclampsia development. However, unlike many
previous reports, our findings suggest that lower rather than
higher inflammatory indices may be observed in women who
subsequently develop preeclampsia. This highlights the need for
larger prospective studies to clarify whether these differences
reflect population characteristics, disease subtypes, or distinct
immunological pathways in early pregnancy. Future prediction
models may benefit from integrating CBC-derived inflammatory
indices with maternal characteristics, uterine artery Doppler
findings, and established biochemical markers rather than relying
on inflammatory indices alone.

Limitations

The main limitations of this study include its retrospective
single-center design and the lack of serial inflammatory marker
measurements during pregnancy. Additionally, the moderate
predictive performance observed in ROC analyses suggests that
these indices alone may not be sufficient for clinical prediction of
preeclampsia and require validation in larger prospective cohorts.

Conclusion

In conclusion, this study demonstrated that several first-trimester
inflammatory indices derived from routine complete blood count
parameters differ significantly between women who subsequently
develop preeclampsia and healthy pregnancies. Specifically, NLR,
SIl, SIRI, and AISI were significantly lower in the preeclampsia
group, whereas PLR and SIMI did not show meaningful
differences. Among the evaluated markers, NLR exhibited the
highest discriminative performance, followed by SIRI, although
the overall predictive accuracies were limited. These findings
suggest that alterations in the maternal inflammatory response
may be detectable during the first trimester and contribute to the
pathophysiological processes underlying preeclampsia. Given their
low cost and ease of calculation, inflammatory indices such as NLR
and SIRI may represent useful tools for early risk stratification.
However, their predictive performance alone appears insufficient
for clinical decision-making, and they should be interpreted in
conjunction with established clinical and biochemical predictors.
Further large-scale prospective studies are warranted to validate
these findings and to determine whether the integration of
inflammatory indices into multifactorial prediction models can
improve the early identification of women at risk for preeclampsia.
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AISI: Aggregate index of systemic inflammation
AUC: Area under the curve
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MLR: Monocyte-to-lymphocyte ratio

NLR: Neutrophil-to-lymphocyte ratio

NPV Negative predictive value

PIV: Pan-immune-inflammation value

PLR: Platelet-to-lymphocyte ratio

PPV: Positive predictive value

ROC: Receiver operating characteristic curve
SlI: Systemic immune-inflammation index
SIMI: Systemic inflammation marker index
SIRI: Systemic inflammation response index
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