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Abstract

Objective: To characterize the dynamic changes of the systemic immune-inflammation

index (SII) during spontaneous term labor to provide experimental support for the
concept of a “systemic immune inflammation” process during labor, and to evaluate the

predictive value of elevated SII during labor for postpartum hemorrhage (PPH).

Methods : This retrospective study encompassed deliveries from January 2022 to

December 2025. A total of 622 women with uncomplicated, spontaneous full-term
pregnancies who delivered vaginally were included. Peripheral venous blood samples

were collected prior to labor and during labor for complete blood counts, from which

SII was calculated as (neutrophils x platelets) / lymphocytes. Dynamic changes in SII

were analyzed. A case—control approach categorized participants into a PPH group

(cases) and a non-PPH group (controls). SII levels before labor and during labor were
compared between groups, and the predictive value of SII during labor for PPH was

assessed using receiver operating characteristic (ROC) analysis.

Results: SII was significantly higher during spontaneous labor at term compared with

the pre-labor baseline (P < 0.001). There were no significant differences in pre-labor
SII between the PPH and non-PPH groups. However, SII during labor was markedly
higher in the PPH group than in the non-PPH group (P < 0.001). ROC analysis yielded
an area under the curve (AUC) of 0.7099 for SII during labor in predicting PPH, with
the maximum Youden index of 0.358 corresponding to an SII cut-off of 1619.14. These



findings suggest that elevated SII during labor is associated with increased risk of PPH.

Conclusions : SII increases significantly during natural labor in otherwise

uncomplicated pregnancies, supporting a potential role of systemic immune
inflammation at labor onset. A high SII during labor may serve as a practical predictor
of postpartum hemorrhage, offering a novel parameter for risk stratification and

management.
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Background

Natural parturition is a complex, gradual physiological regulation process. The exact
trigger mechanisms underlying labor initiation remain incompletely defined, and a
single-cause explanation is unlikely. Consequently, the academic consensus supports a
multifactorial model in which inflammatory responses serve as core drivers of labor
initiation and progression. The systemic immune inflammation theory extends this

concept by proposing that the remodeling of the maternal immune system at labor

involves not only local changes at the maternal—fetal interface but also activation of

systemic immune responses. Pregnancy represents maternal immune tolerance to the
fetus, and the orderly activation of local and systemic inflammatory processes at term
directly regulates the initiation and progression of labor, including the maintenance of

uterine contractions and cervical changes [1]. The core signs of parturition are regular,

progressively increasing uterine contractions (lasting =30 seconds each, with intervals

of 5-6 minutes), accompanied by effacement and dilation of the cervix, fetal descent,

and signs that cannot be suppressed by sedatives. According to the American College
of Obstetricians and Gynecologists (ACOG) and the International Society for the Study
of Maternity and Neonatal Health (SMFM), term pregnancy is subdivided into early
term (37-38+6/7 weeks), full term (39-40+6/7 weeks), and late term (41-41+6/7 weeks);

gestational age =42 weeks is classified as post-term. This study focuses on the natural

labor experiences of healthy, full-term pregnancies to explore inflammation-related

changes.



Systemic immune inflammation index (SII) is a relatively novel inflammatory
index initially used to assess prognosis in malignancies and inflammatory diseases. In
recent years, SII has demonstrated advantages in monitoring systemic inflammatory

responses. SII, calculated from peripheral blood counts (neutrophils N, platelets P,

lymphocytes L) as SII = ( NxP ) / L, integrates multiple hematopoietic lineages and

may better reflect the overall systemic immune inflammatory status than single
biomarkers, with less susceptibility to individual hematopoietic variation [2-4]. Given
that complete blood count is a routine, inexpensive, and reproducible test, SII offers
feasibility for large-scale dynamic monitoring in clinical settings [5]. Based on the
systemic immune inflammation theory of labor initiation, we hypothesize that the
dynamic changes in SII before and after natural term labor may provide new
experimental evidence for this theory and offer a convenient framework for

investigating the inflammatory mechanisms underlying labor initiation.

Postpartum hemorrhage (PPH) is a major obstetric emergency, defined as vaginal-

delivery blood loss = 500 mL, cesarean-delivery blood loss = 1000 mL, or

hypovolemia signs and symptoms within 24 hours after delivery. PPH remains a leading
cause of maternal morbidity and mortality worldwide, accounting for a substantial
proportion of obstetric deaths despite advances in care [6-10]. Emerging evidence
suggests that placental inflammatory factors can disrupt villous cellular integrity and
function, contributing to obstetric complications and driving a shift toward etiologically
targeted interventions rather than purely conservative management. Inflammatory
regulation has thus emerged as a new therapeutic entry point for preventing and

managing related complications [11-17].

Patients and methods

Study participants

This is a retrospective study conducted at Gutian County Hospital and approved by the
Ethics Committee of Gutian County Hospital. Eligible participants were pregnant
women who attended routine prenatal care at our hospital and delivered between
January 2022 and December 2025. Given that the study used anonymized medical

records, informed consent was waived.

Inclusion criteria

l.age=18 years;



2.natural (spontaneous) parturition between 37 and 42 weeks of gestation;
3.complete and accessible clinical and laboratory data required for this study.
Exclusion criteria

l.pregnancy complications, including gestational diabetes mellitus, hypertensive

disorders of pregnancy, intrahepatic cholestasis of pregnancy, etc.

2.fetal/neonatal factors such as post-embryo transfer pregnancies, multiple pregnancy,

preterm birth, etc.

3.non-spontaneous labor: premature rupture of membranes or labor induction requiring

4.pharmacologic or mechanical methods;

S5.cesarean delivery.
Statistical methods

SPSS 31.0 statistical software was used for data analysis, and the data normality was
evaluated by Kolmogorov Smirnov test. Non parametric Mann Whitney U test was used
to compare the differences between two groups, and Kruskal Wallis h test was used to
compare the differences between multiple groups. The measurement data were
expressed as median and interquartile range. In this study, extreme outliers were
eliminated according to the Tukey rule in CLSI ¢28-a326, and graph pad prism 10.0

software was used to draw relevant graphs.

Data quality control

A rigorous data quality framework was implemented. All personnel involved in data
handling underwent uniform training. Data collection, collation, and entry were
conducted by a designated, trained staff member. Throughout the study, blinded
procedures were employed to reduce bias and enhance data reliability. Regular quality

checks and audits were performed to ensure data integrity and traceability.

Data collection

Baseline demographic data were extracted from the hospital medical records
information management system, including age, parity, and gestational age at delivery.
Concurrently, clinical information such as pregnancy complications, mode of delivery,
and postpartum hemorrhage was collected.

Sample collection



Blood samples were analyzed using the Sysmex xn-2800 hematology analyzer (Sysmex,
Japan). For each subject, 2 mL of peripheral venous blood was collected, and
hematologic assessment was conducted using flow cytometry-based fluorescence
staining. Details of gestational age and labor status at the time of sampling (pre-delivery

vs during delivery) were recorded.

Hematological analysis

From the peripheral blood routine results, neutrophil count (n), platelet count (P), and
lymphocyte count (L) were extracted. The Systemic Immune Inflammation Index (SII)

was calculated as:

PXxn
Sl =

where P is platelet count, n is neutrophil count, and L is lymphocyte count.

Statistical methods

Analyses were performed with SPSS Statistics 31.0. Normality of data was assessed
using the Kolmogorov—Smirnov test. Categorical variables are presented as counts and
percentages. Continuous variables are reported as medians with interquartile ranges
(IQR) or 2.5th—97.5th percentiles, as appropriate. Extreme outliers were excluded
according to the Tukey rule in accordance with CLSI guidelines (CLSI c28-a326).
Graphical data representations were generated with GraphPad Prism 10.0. Statistical

significance was set at P < 0.05.

Results

Participants' characteristics

A total of 622 cases of pregnant women who underwent routine prenatal examinations
and delivered vaginally at term were retrospectively collected from Gutian County
Hospital between January 2022 and December 2025. Exclusion criteria ensured
absence of pregnancy complications and any obstetric interventions that could
confound inflammatory markers. The cohort characteristics were as follows: maternal
age median 27 years (interquartile range [IQR] 29-32), parity 2 (IQR 2-3), number of
births 1 (IQR 1-2), and gestational age at delivery 39 weeks (IQR 38-39). Baseline

blood routine indices and the systemic immune inflammation index (SII) were derived



from peripheral blood samples collected before and at the time of delivery. SII was

calculated as SII=P x N/L, where P is platelet count, N is neutrophil count, and L is

lymphocyte count.
Changes of Sll in term, uncomplicated pregnancies during labor

In women with term, uncomplicated pregnancies, the SII level during labor was
significantly higher than that before labor. The observed increase was statistically

significant (P <0.001). These results are summarized in Table 1 and illustrated in Figure
1.

Table 1. Changes in the SII in term, uncomplicated pregnancies during labor

Variables Sl before labor Sl during labor z P
N=622 742.60 (592.44, 974.19) 924.30 (654.28, 1303.53) -10.08 <0.001
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Figure 1. Changes in the SII in term, uncomplicated pregnancies during labor



Changes of Systemic Immune Inflammation Index (Sll) in parturients with

postpartum hemorrhage

A total of 622 pregnant women were analyzed, including 604 in the non-postpartum
hemorrhage (non-PPH) group and 18 in the postpartum hemorrhage (PPH) group.
There was no significant difference in SII between groups before delivery (P > 0.05).
During labor, SII was significantly higher in the PPH group than in the non-PPH group

(P <0.05). These findings are summarized in Table 2 and illustrated in Figure 2.

Table 2. Changes of SII in parturient women with postpartum hemorrhage

Variables control group (N=604) Case group (N=18) yA P
Age 30.00 (27.00, 32.25) 30.00 (27.00, 32.00) -0.764 >0.05
Number of
. 2.00 (1.75, 3.00) 2.00 (2.00, 3.00) -0.04 >0.05
pregnancies
Parity 1.00 (0.75, 2.00) 1.00 (1.00, 2.00) -0.69 >0.05
Gestational
. 39.0 (37.75, 39.00) 39.00 (38.00, 39.00) -1.401 >0.05
age at delivery
Sl before labor | 739.03 (591.46, 974.61) 819.73 (576.48, 939.84) -152 >0.05
Sl during labor | 916.15 (650.22, 1286.3) 1524.30 (815.66, 2488.58) -2.025 <0.05
P<0.001
X
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Figure 2 . Changes of SII in parturient women with postpartum hemorrhage



Diagnostic performance of SlI

Receiver operating characteristic (ROC) curve analysis was conducted to assess the
ability of SII to distinguish PPH. The area under the curve (AUC) was 0.710 (95% CI
not provided in original text; please insert if available). The maximum Youden index
was 0.358, corresponding to an optimal SII cutoff of 1619.14. Sensitivity and
specificity at this cutoff should be reported if available. These findings are illustrated

in Figure 3.
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Figure 3 . ROC Curves of Single Indicators for Postpartum hemorrhage

Discussion

The Systemic Immune-Inflammation Index (SII) was first proposed by Hu et al. in 2014



and integrates three readily available hematologic parameters: platelet count (P),
neutrophil count (N), and lymphocyte count (L). Calculated as SII =P x N /L, the

index reflects the balance between pro-inflammatory mediators (neutrophils and
platelets) and regulatory lymphocytes, thereby serving as a composite marker of
systemic inflammation and immune status. Since its introduction, SII has been
increasingly adopted as a prognostic tool across a wide spectrum of diseases,
particularly malignancies such as cholangiocarcinoma, thyroid cancer, melanoma,
bladder cancer, glioblastoma, oral squamous cell carcinoma, lymphoma, colorectal
cancer, hepatocellular carcinoma, pancreatic cancer, renal cell carcinoma,
nasopharyngeal carcinoma, esophageal cancer, ovarian/peritoneal cancer, small cell
lung cancer, and cervical cancer. Beyond oncology, SII has been explored in

inflammatory and autoimmune conditions (including myocarditis, pancreatitis,
psoriatic arthritis, necrotizing enterocolitis, ankylosing spondylitis, Behget's disease,

acne, acute pyelonephritis, and systemic lupus erythematosus) and in infectious and
cardiovascular diseases. Notably, recent research indicates that elevated SII may predict
adverse outcomes in COVID-19 and cardiovascular events such as acute coronary
syndrome, myocardial infarction, and stroke, as well as adverse obstetric outcomes
including abortion, missed abortion, and premature rupture of membranes[18-49].
Collectively, these findings support the utility of SII as a versatile, cost-effective
biomarker for assessing inflammatory status and prognostic risk across diverse clinical
contexts, including pregnancy and obstetric complications. Future work should aim to
establish standardized cutoffs, account for confounding factors (e.g., infection,
medication, gestational age), and validate SII in prospective obstetric cohorts to

enhance its translational value in maternal-fetal medicine.

Natural parturition is a tightly regulated physiological inflammatory process in
which uterine contraction, cervical maturation, chorioamniotic membrane activation,

and systemic inflammatory responses intertwine to initiate and progress labor.

Cytokines and mediators such as prostaglandins, IL-13, IL-6, and TNF-a drive these

processes, with transcriptomic and immunologic studies revealing distinct

immunological signatures in peripheral blood that reflect delivery status and may

identify risk for adverse obstetric outcomes [50]. Immune cells at the maternal—fetal

interface (neutrophils, macrophages, NK cells, etc.) and their cytokines regulate labor,
and decidual immune-cell imbalances or premature activation of inflammatory
pathways are linked to preterm delivery [51]. IL-6 has been highlighted as a core

mediator of labor, promoting uterine contractions, fetal membrane activation, and



cervical maturation, while TNF signaling and NLR pathways contribute to labor-
associated tissue remodeling and inflammatory signaling [52]. Other studies have
focused on immune signals and interventions and species-specific inflammatory
responses[53-59]. Across species, changes in immune cell composition and
inflammatory state during the perinatal period reinforce the connection between
delivery and inflammation and suggest that peripheral inflammatory signals can serve
as accessible biomarkers of parturition status [60-61]. Collectively, these findings

support a model in which inflammatory mediators drive labor via NF-kB and AP-1-

dependent pathways, with complement activation further amplifying inflammatory
cascades to facilitate labor [21-23, 62-66]. The balance between proinflammatory (N1)
and regulatory (N2) neutrophil phenotypes, modulated by cytokines such as IL-10,
appears critical for normal delivery; dysregulation (e.g., sustained N1 activation) may

predispose  to  premature delivery or obstetric complications  [67].
Monocyte/macrophage-derived mediators (e.g., TNF- o) participate in cervical

softening and contraction onset, yet excessive activation may trigger fetal inflammatory
responses, including FIRS [68-69]. Tissue-specific dynamics-from choriodecidual to
myometrial sites-further shape labor timing, and while inflammation may act as a
trigger, a bidirectional relationship with hormonal signaling (e.g., progesterone receptor
pathways) likely exists [66, 69-73]. Given these mechanisms, peripheral inflammatory
markers offer a noninvasive window into the intrauterine milieu and labor status, with
combined panels of cytokines and complement components potentially outperforming
single markers in predicting term delivery [74-77]. The present study adds to this
framework by demonstrating that the systemic immune inflammation index (SII) rises
in healthy term parturients, supporting its utility as a simple, integrative marker of

labor-associated inflammation.

Postpartum hemorrhage (PPH) remains a major obstetric risk, with uterine atony
as its primary cause. Inflammation is a central driver of uterine contractile dysfunction,
and systemic immune-inflammation markers such as the systemic immune
inflammatory index (SII) and circulating pro-inflammatory cytokines have been
associated with PPH. Emrullah Akay and colleagues reported that SII serves as an
important predictor of PPH risk, identifying a cut-off around 915. However, this study
faced limitations, including sample bias, unclear detection timing, potential
confounders, and an unclear mechanistic link between SII and PPH etiology [78]. The
concept of postpartum acute myositis (PAM) proposed by Tomoaki Oda et al. suggests
inflammation impairs myometrial contractility via immune cell infiltration [79], a

notion that, when viewed alongside SII, raises the possibility that excessive



inflammatory activation reflected by high SII may contribute to PAM and subsequent
contractile asthenia in PPH. Additional evidence indicates elevated plasma IL-16, IL-6,
and other pro-inflammatory cytokines in PPH patients prior to delivery, highlighting
potential biomarkers and therapeutic targets [80]. Multi-omics analyses reveal a pro-

inflammatory uterine microenvironment in atonic PPH, implicating immune pathways

and mediators (e.g., IL-6, TNF-o) and immune cells (neutrophils, macrophages) in the

pathogenesis by enhancing inflammation and impairing myometrial function [81-82].
Clinical data also show higher maternal plasma inflammatory markers in PPH, which
may disrupt myometrial contractility and promote blood loss; case-control studies have
demonstrated elevated cytokine levels in PPH versus controls [83-84]. While these
findings support a mechanistic link between inflammation and uterine atony, the
evidence remains largely observational, and prospective, mechanistic validation is
needed. Comprehensive cytokine profiling (e.g., assessment of up to ~48 cytokines)
has identified associations between specific inflammatory factors and PPH risk,
underscoring the potential for inflammation-informed predictive models [85-86]. In
summary, accumulated evidence supports inflammation as a fundamental pathological
basis of PPH via activation of immune pathways, amplification of pro-inflammatory
mediators, and impairment of myometrial contractility, but robust translational

validation is required before routine clinical application.

In summary, while accumulating evidence supports a mechanistic link between
systemic inflammation, SII elevation, and obstetric complications such as PPH due to
uterine atony, several limitations temper the translational impact of current findings.
Many studies are observational or retrospective, with heterogeneous populations, small
sample sizes, and potential confounders (infection, medications, gestational age) that
are not adequately controlled. The timing of biomarker assessment often remains
undefined, hindering causal inferences and the establishment of clinically actionable
cutoffs. Mechanistic pathways linking SII components to myometrial contractility
require rigorous prospective validation, including longitudinal sampling across the
perinatal period and multi-omics integration to map causal networks. Future research
should standardize SII measurement and cutoff strategies, validate predictive models in
diverse, prospective obstetric cohorts, and delineate the temporal-spatial regulatory
mechanisms by which inflammation interfaces with progesterone signaling and

myometrial function to inform targeted prevention and therapeutic strategies.

Conclusions



SII increases significantly during natural labor in otherwise uncomplicated pregnancies,
supporting a potential role of systemic immune inflammation at labor onset. A high SII
during labor may serve as a practical predictor of postpartum hemorrhage, offering a
novel parameter for risk stratification and management. While these findings are
promising, standardized SII cutoffs in pregnancy, consideration of gestational age and
comorbid conditions, and prospective validation in diverse cohorts are needed before
routine clinical adoption. Future work should delineate temporal dynamics of SII across
the perinatal period, explore mechanistic links among SII components (platelets,
neutrophils, lymphocytes), and assess how SII interacts with established obstetric risk
factors and interventions. Together, these efforts will clarify the role of systemic
inflammation in labor biology and determine whether SII can inform risk stratification

and management during delivery.
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PPH: postpartum hemorrhage

ROC: receiver operating characteristic
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