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Objective: This study aims to construct and validate a nomogram model based on clinical and laboratory indicators to predict the risk
of histological chorioamnionitis in patients with premature rupture of membranes at term, and to evaluate its predictive efficacy and
effectiveness.

Methods: A total of 319 PROM patients admitted between May 2023 and December 2024 were randomly divided into a modeling
group (n=221) and a validation group (n=98) at a 7:3 ratio. Based on placental and fetal membrane histopathology, the modeling group
was classified into a non-HCA group (grade 0, n=138) and an HCA group (grades I-1I, n=83).

Results: Compared with the non-HCA group, patients in the HCA group had significantly higher rates of body temperature >37.3 °C,
baseline fetal heart rate >160 beats/min, rupture-to-delivery time >12 h, cesarean delivery, WBC >15x10°/L, neutrophil percentage
>75%, and PCT >0.05 mg/L (all P<0.05). Multivariate logistic regression identified body temperature >37.3 °C, cesarean delivery,
WBC >15x10%/L, neutrophil percentage >75%, and PCT >0.05 mg/L as independent risk factors for HCA (P<0.05). The AUC of the
nomogram was 0.890 (95% CI: 0.805-0.913) in the modeling group and 0.885 (95% CI: 0.776-0.918) in the validation group.
Calibration curves and the Hosmer—Lemeshow test demonstrated good model fit (P>0.05). Decision curve analysis showed that within
risk thresholds of 0.1-0.8 (modeling group) and 0.1-0.7 (validation group), the nomogram provided greater net clinical benefit than
“treat-all” or “treat-none” strategies.

Conclusion: Body temperature, delivery mode, WBC, neutrophil percentage, and PCT are significantly associated with HCA in
PROM patients. The nomogram model shows good discrimination, calibration, and stability, and may assist in predicting HCA risk in
clinical practice.
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Introduction

Premature rupture of membranes (PROM) refers to the spontaneous rupture of the fetal membranes before delivery, and
histological chorioamnionitis (HCA) is its main infectious complication, with an incidence rate of up to 40%-70%.' HCA
can not only lead to maternal uterine atony and postpartum hemorrhage, but also significantly increase the risk of adverse
outcomes such as neonatal sepsis and respiratory distress syndrome, seriously threatening maternal and fetal safety.” The
relationship between PROM and HCA is relatively complex. It is currently believed that they may be mutually causal.
The incidence of prolapsed PROM and PPROM varies considerably across different countries and populations. The
overall incidence of PROM is reported to be approximately 5—10% of all pregnancies, while PPROM accounts for about
2-4% in most developed countries. However, the incidence of PPROM is higher in low- and middle-income regions. For
example, a recent hospital-based study in Egypt reported a PPROM prevalence of 10.8% among pregnant women,
highlighting the heavy disease burden in the region and suggesting that differences in infection prevalence and levels of
obstetric care may contribute to this disparity.’ It may be because chorioamnionitis causes defects in the local defense
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function of the fetal membranes, and factors such as increased amniotic cavity pressure can lead to rupture of the fetal
membranes. After the fetal membranes rupture, the retrograde migration of reproductive tract microorganisms leads to
the occurrence of HCA.*> However, prenatal diagnosis of HCA has obvious limitations: its clinical manifestations (such
as fever and fetal heart rate) lack specificity and are easily confused with other obstetric emergencies; the gold standard
relies on postpartum placental and fetal membrane pathological examination, which has a lag and is difficult to meet the
needs of early intervention. Currently, there is no unified HCA prediction indicator in clinical practice, which leads to
missed diagnosis of some high-risk patients and delayed treatment.

The physiological response to intrauterine infection involves complex inflammatory pathways and is manifested
through a variety of clinical and laboratory indicators. When pathogens invade the amniotic cavity, they activate the
maternal immune system, triggering the release of endogenous pyrogens (interleukin-1 (IL-1), interleukin-6 (IL-6), and
tumor necrosis factor-a (TNF-a)). These cytokines act on the hypothalamic thermoregulatory center, leading to an
increase in body temperature. Simultaneously, the inflammatory cascade stimulates the bone marrow to accelerate the
production and release of granulocytes, resulting in an increased white blood cell count (WBC) and neutrophil
percentage. Furthermore, procalcitonin (PCT), as a precursor peptide of calcitonin, is significantly upregulated under
the stimulation of bacterial endotoxins and pro-inflammatory cytokines, making it a sensitive biomarker for systemic
bacterial infection. Understanding these pathophysiological mechanisms provides a theoretical basis for using these
indicators to predict HCA at an early stage.’

The nomogram prediction model is a statistical prediction tool that can integrate multiple predictive indicators
through multivariate regression analysis, visualize complex prediction models, and intuitively present the risk of related
events, thereby improving the convenience of clinical application. It has been widely used in disease identification and
prediction.”® However, there are few studies on specific prediction models for HCA in patients with PROM, and most
existing studies have not incorporated joint analysis of infection markers and obstetric characteristics. Therefore, this
study aimed to identify independent risk factors for HCA and construct and validate a personalized nomogram model,
hoping to provide a reliable tool for early clinical identification of high-risk patients and the development of precise

intervention strategies, thereby reducing the incidence of maternal and fetal infection-related complications.

Materials and Methods
General Information

This study is a single-center retrospective study. During the study, a total of 415 patients with premature rupture of
membranes at term were admitted. Random assignment was performed using SPSS 26.0 software to ensure comparability
between the two groups in terms of enrollment time, baseline clinical characteristics, and diagnostic and treatment skills.
This study was reviewed and approved by Beijing Chao-yang Hospital Affliated to Capital Medical University ethics
committee (approval number: 2025-KE-856). Given the retrospective nature of this study, the requirement for informed
consent was waived by the ethics committee. All patient data were anonymized and treated with strict confidentiality.

Inclusion criteria: @ Meet the diagnostic criteria for PROM:’ Spontaneous rupture of membranes before delivery,
confirmed by vaginal examination, ultrasound examination (amniotic fluid index <5 ¢cm or maximum amniotic fluid dark
area <2 cm) and pH test paper test (vaginal secretion pH >6.5); @ Gestational age >37 weeks; 3 Complete clinical data
(including medical history, laboratory tests, delivery records and pathological results, etc).; @ Singleton pregnancy. Exclusion
criteria included: (O patients with severe cardiac, hepatic, or renal dysfunction; 2) patients with malignant tumors, immune
system disorders, or hematologic diseases; (3 patients with a history of uterine surgery (eg, cesarean section, myomectomy);
@® patients with a confirmed prenatal diagnosis of intrauterine infection (eg, clinical chorioamnionitis) and receiving anti-
infective treatment; and (® patients with incomplete data, transfer to another hospital, or loss to follow-up.

After screening, 96 patients were excluded due to pre-defined exclusion criteria, including severe systemic diseases,
prenatally diagnosed intrauterine infection, history of uterine surgery, and incomplete clinical or pathological data.
Ultimately, 319 patients with complete clinical and pathological data were included in the final analysis. The screening
process is shown in Figure 1.
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Total patients admitted with term PROM

(n = 415) l

Excluded (n = 96):

Severe organ dysfunction
Immune/Hematologic diseases
History of uterine surgery
Prenatal infection diagnosis
Incomplete data/Lost to follow-up!

Final patients included in the study
(n=319)

Random assignment
(7:3 ratio)

Modeling Group Validation Group
(n=221) (n=98)
Non-HCA Group HCA Group
(Grade 0) (Grade I-I1)
(n=138) (n=83)

Figure | Flowchart.

Grouping Criteria

All full-term PROM patients meeting the inclusion and exclusion criteria were included in the study. Enrolled patients
were randomly assigned to the modeling group (n=221) and the validation group (n=98) in a 7:3 ratio. Patients in the
modeling group were further categorized based on histopathological findings to construct the model, while the validation
group was specifically used for external validation of the model.

According to the results of postoperative placental and fetal membrane histopathological examination, patients were
divided into two groups according to the HCA grading standard:'® non-HCA group (grade 0): placental and fetal
membrane histopathological examination showed no inflammatory cell infiltration in the chorion, amnion and decidua,
and no evidence of chorioamnionitis. HCA group (grade I + grade II): grade I: a small amount of inflammatory cell
infiltration (5-10 inflammatory cells per high-power field) was seen in the chorion, amnion or decidua, and the
inflammation was limited to local tissues; grade II: moderate to large amounts of inflammatory cell infiltration (>10
inflammatory cells per high-power field) was seen in the chorion, amnion and decidua, and the inflammation was
widespread, and may be accompanied by choriovilli or decidualitis.

All patients included in the study underwent routine placental and fetal membrane specimen collection and
histological examination after delivery. All relevant pathological results were fully traceable within the hospital’s
pathology information system. Pathological specimens were all placental and fetal membrane tissues routinely collected
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immediately after delivery, fixed in 10% neutral formaldehyde, and sent to the pathology department for processing; no
live samples were involved. The grouping was determined by two experienced pathologists in a double-blind manner. If
the judgment results were inconsistent, the third senior pathologist reviewed and determined the final grouping.

Data Collection
Clinical data of all included patients were retrospectively collected through the hospital electronic medical record system
and laboratory information system, including:

(1) General information: age, body mass index, maternal and childbirth history;

(2) Underlying diseases: hypertension, diabetes, anemia, vaginitis;

(3) Infection-related indicators: Group B Streptococcus (GBS): vaginal secretion culture results; Body temperature:
axillary temperature at admission; Blood routine: WBC, neutrophil percentage; Inflammatory markers: C-reactive
protein (CRP), procalcitonin (PCT); WBC with a cutoff value of 15x10%/L, which is the clinical critical reference
value for intrauterine infection according to the Manual of Standard Diagnosis and Treatment of Gynecological
and Obstetric Infectious Diseases.

(4) Obstetric indicators: Fetal heart rate: baseline fetal heart rate; Amniotic fluid characteristics and volume; Time
from rupture of membranes to delivery;

(5) Delivery mode: Vaginal delivery (VD)/Cesarean section (CS).

To facilitate modeling, continuous clinical indicators were dichotomized based on clinically accepted thresholds or
guideline-recommended cutoff values to enhance clinical interpretation and subsequent scoring in predictive models.

Statistical Methods

Data processing and statistical analysis were performed using SPSS 26.0 and R software (version 4.3.0). Univariate analysis was
performed on the collected data. Continuous data were expressed as mean + standard deviation (X * s), and intergroup
comparisons were performed using the independent sample #-test. Enumeration data were expressed as number of cases
(constituent ratio, %), and intergroup comparisons were performed using the chi-square test. Variables with a P < 0.1 in the
univariate analysis were included in a multivariate logistic regression analysis using stepwise regression (forward method, o in =
0.05, a out = 0.10) to identify independent risk factors for HCA (P < 0.05). To ensure sufficient statistical power and model
stability, we calculated the event-to-variable ratio (EPV) for the multivariate logistic regression analysis. In the modeling group,
83 patients presented with histological chorioamnionitis, and the multivariate model included 7 variables, with an EPV of
approximately 11.9. This value exceeds the generally recommended minimum EPV threshold of 10, indicating that the
multivariate logistic regression model has sufficient statistical power and is unlikely to overfit. Based on the independent risk
factors, a nomogram model was constructed using the “rms” package in R software. The regression coefficients of each factor
were converted into scores, and the total score was used to calculate the risk probability of HCA in patients with PROM. The
model was validated using the following methods: Bootstrap self-sampling (number of samples = 1000) to assess stability;
C-index and receiver operating characteristic (ROC) curves were calculated to assess discriminatory ability (a C-index closer to 1
and an area under the curve (AUC) greater than 0.7 indicated good discrimination); calibration curves were drawn and the
Hosmer-Lemeshow test was used to assess the consistency between predicted and actual risk (P > 0.05 indicated good
calibration). Decision curve analysis (DCA) was used to assess the clinical utility of the model. Using net benefit as the metric,
the nomogram model was compared with two extreme strategies: “treat all patients” and “do not treat all patients™ at different risk
thresholds to clarify the model’s clinical applicability. P < 0.05 was considered statistically significant.

Results

Comparison of Baseline Data Between the Modeling Group and the Validation Group
There were no statistically significant differences in the distribution of inclusion time periods and baseline data (age,
BMI, GBS positivity rate, diagnostic, treatment techniques and HCA, etc.) between the modeling group and the
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validation group (all P>0.05), suggesting that randomization effectively balanced potential confounding factors

(including medical technology advances that change over time) and that the two groups were comparable. See

Table 1.

Table | Baseline Data

Baseline Data Modeling Group | Validation Group | y* P
(n=221) (n=98)
Age (years) 0.305 | 0.581
<35 158(71.49) 73(74.49)
>35 63(28.51) 25(25.51)
BMI (kg/m?) 2014 | 0.156
<24 174(78.73) 70(71.43)
224 47(21.27) 28(28.57)
First pregnancy 136(61.54) 58(59.18) 0.158 | 0.691
First-time mother 183(82.80) 76(77.55) 1.227 | 0.268
Hypertension 7(3.17) 5(5.10) 0.702 | 0.402
Diabetes 28(12.67) 15(15.31) 0.405 | 0.525
Anemia 38(17.19) 19(19.39) 0.223 | 0.637
Vaginitis 90(40.72) 35(35.71) 0.715 | 0.398
GBS 18(8.14) 10(10.20) 0.360 | 0.549
Body temperature (°C) 2119 | 0.145
<373 194(87.78) 80(81.63)
2373 27(12.22) 18(18.37)
Baseline fetal heart rate (beats/min) 2252 | 0.133
<160 212(95.93) 90(91.84)
=160 9(4.07) 8(8.16)
Amniotic fluid characteristics 0.554 | 0.457
Clear 182(82.35) 84(85.71)
Fecal staining 39(17.64) 14(14.28)
Amniotic fluid volume 1.799 | 0.180
Normal 73(33.03) 40(40.82)
Too little 148(66.97) 58(59.18)
Time from rupture of membranes to delivery (h) 0.796 | 0.372
<12h 79(35.75) 30(30.61)
212h 142(64.25) 68(69.39)
Mode of delivery 1.227 | 0.268
VD 105(47.51) 40(40.82)
(& 116(52.49) 58(59.18)
WBC (x10%/L) 0.046 | 0.83I
<15 187(84.62) 82(83.67)
2|5 34(15.38) 16(16.33)
Neutrophil percentage (%) 1227 | 0.268
<75 105(47.51) 40(40.82)
275 116(52.49) 58(59.18)
CRP (mg/L) 1.399 | 0.237
<10 161(72.85) 65(66.33)
=10 60(27.15) 33(33.67)
PCT (mg/L) 1.783 | 0.182
<0.05 169(76.47) 68(69.39)
20.05 52(23.53) 30(30.61)
HCA 0.442 | 0.506
83(37.56) 33(33.67)
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Comparison of Baseline Data of HCA Patients in the Modeling Group and Whether
They Were Combined

Compared with the non HCA group, the proportion of HCA group patients with body temperature > 37.3 °C, baseline
fetal heart rate > 160 beats/min, rupture to delivery time > 12 hours, cesarean section, WBC > 15x10 oL, neutrophil
percentage > 75%, and PCT > 0.05 mg/L were significantly higher, and the differences were statistically significant
(P<0.05), as shown in Table 2.

Table 2 Comparison of Baseline Data of HCA Patients in the Modeling Group and Whether They Were Combined

Baseline Data Non- HCA Group HCA Group x* P
(n=138) (n=83)
Age (years) 0.041 0.839
<35 98(71.01) 60(72.29)
>35 40(39.86) 23(27.71)
BMI (kg/m2) 0.314 0.575
<24 107(77.54) 67(80.72)
224 31(22.46) 16(19.28)
First pregnancy 83(60.14) 53(63.86) 0.301 0.583
First-time mother 109(78.99) 74(89.16) 3.766 0.052
Hypertension 6(4.35) 1(1.20) 1.669 0.196
Diabetes 18(13.04) 10(12.05) 0.046 0.829
Anemia 26(18.84) 12(14.46) 0.699 0.403
Vaginitis 52(37.68) 38(45.78) 1.409 0.235
GBS 10(7.25) 8(9.64) 0.396 0.529
Body temperature (°C) 25.305 <0.001
<373 133(96.38) 61(73.49)
2373 5(3.62) 22(26.51)
Baseline fetal heart rate (beats/min) 10.542 0.001
<160 137(99.28) 75(90.36)
2160 1(0.72) 8(9.64)
Amniotic fluid characteristics 0.735 0.391
Clear 1 16(84.06) 66(79.52)
Fecal staining 22(15.94) 17(20.48)
Amniotic fluid volume 1.120 0.290
Normal 42(30.43) 31(37.35)
Too little 96(69.57) 52(62.65)
Time from rupture of membranes to delivery (h) 4.942 0.026
<I2h 57(41.30) 22(26.51)
212 hours 81(58.70) 61(73.49)
Mode of delivery 6.887 0.009
VD 75(54.35) 30(36.14)
CS 63(45.65) 53(63.86)
WBC (x10%/L) 18.695 <0.001
<15 128(92.75) 59(71.08)
215 10(7.25) 24(28.92)
Neutrophil percentage (%) 97.145 <0.001
<75 101(73.19) 4(4.82)
275 37(26.81) 79(95.18)
CRP (mg/L) 0.028 0.868
<10 100(72.46) 61(73.49)
210 38(27.54) 22(26.51)
PCT (mg/L) 16.676 <0.001
<0.05 118(85.51) 51(61.45)
20.05 20(14.49) 32(38.55)
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Results of Multivariate Logistic Regression Analysis of the Modeling Group

Taking the occurrence of HCA as the dependent variable (no =0, yes =1), and taking the statistically significant indicators
in single factor analysis in Table 2 as the independent variables, the assignment situation is as follows: body temperature:
<37.3°C=0,>37.3°C = 1; Baseline fetal heart rate: < 160 beats/min = 0, >160 beats/min = 1; Time from rupture of fetal
membrane to delivery: < 12h = 0, > 12h = 1; Mode of delivery: vaginal delivery (VD)= 0, cesarean section (CS)= 1;
WBC: <15%10°/L = 0, >15%10°/L = 1; Percentage of neutrophils: < 75% = 0, > 75% = 1, PCT: <0.05 mg/L = 0,
>0.05 mg/L = 1; Multivariate logistic regression analysis showed that body temperature >37.3°C, cesarean delivery,
WBC > 15x10°/L, neutrophil percentage >75% and PCT >0.05 mg/L were independent risk factors for HCA (P < 0.05).
(See Table 3).

Construction of the Nomogram Model of the Modeling Group

Based on five independent influencing factors identified by multivariate logistic regression analysis (body temperature,
mode of delivery, WBC, and neutrophil percentage), a nomogram model for predicting HCA in patients with PROM was
successfully constructed (Figure 2). Based on the predefined scoring rules described in the Methods section, the
regression coefficients of each independent predictor were proportionally converted into corresponding point values in
the nomogram (eg, body temperature >37.3 °C was assigned a higher score relative to other predictors). The sum of these
scores yields a total score (ranging from 0 to 220). This total score can then be used to directly determine the patient’s
risk of HCA (eg, a total score of 150 corresponds to an approximately 70% risk). The model’s visual design allows
clinicians to quickly input the patient’s five indicators and intuitively obtain personalized risk assessment results.

Verification of the Nomogram Model

ROC Curves

The model was internally validated using the bootstrap self-sampling method (number of samplings = 1000 times). The
C index of the model was 0.875 (95% CI: 0.821-0.929), indicating a strong ability to distinguish HCA. Receiver
operating characteristic (ROC) curve analysis showed that the area under the curve (AUC) was 0.890 (95% CI:
0.805-0.913, P < 0.001), with a sensitivity of 83.7% and a specificity of 81.6%, indicating that the model had a high
predictive accuracy for HCA (Figure 3A).

The nomogram model was applied to the validation group (98 cases) for external validation. The results showed
that the C index of the model was 0.852 (95% CI: 0.783—-0.921), indicating that it still had good discriminatory ability
in independent samples. ROC curve analysis showed that the AUC was 0.885 (95% CI: 0.776-0.918, P < 0.001), the
sensitivity was 81.2%, and the specificity was 73.5%, which were close to the results of the modeling group
(Figure 3B).

Calibration Curves

The calibration curve showed a good fit between the HCA risk predicted by the nomogram and the actual probability of
occurrence (Figure 4A). The Hosmer-Lemeshow test showed a x> = 5.236, P = 0.732 (>0.05), indicating good
consistency and calibration between the model-predicted and actual risks.

Table 3 Logistic Regression Analysis

Index B SE Wald | P OR 95% ClI
Body temperature 1.892 | 0.521 | 13.201 | <0.001 | 6.632 | 2.393-184l1
Baseline fetal heart rate 0.654 | 0.612 | 1.142 | 0.285 1.921 | 0.586-6.372
Time from rupture of membranes to delivery | 0.489 | 0.455 | 1.156 0.282 1.635 | 0.678-3.973
Mode of delivery 1.234 | 0478 | 6.672 | 0.010 3.438 | 1.354-8.757
WBC 1.567 | 0.501 | 9.782 | 0.002 4.797 | 1.803-12.789
Neutrophil percentage 2.101 | 0.543 | 14.956 | <0.001 | 8.172 | 2.821-23.674
PCT 0.956 | 0.432 | 4.901 0.027 2.603 | 1.122-6.066
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Figure 2 Nomogram model.
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example, a total score of 150 points corresponds to a risk of approximately 70%).
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The calibration curve showed a good fit between the nomogram-predicted and actual probability of occurrence in the
validation group (Figure 4B). The Hosmer-Lemeshow test showed a x* = 6.102, P = 0.636 (>0.05), indicating that the

model maintained good calibration in external samples and exhibited good predictive stability.

DCA Curves

DCA results showed that within a wide range of risk thresholds (modeling group: 0.1-0.8; validation group: 0.1-0.7), the
net benefit of the nomogram model constructed in this study was higher than the two extreme strategies of “treating all

patients” or “not treating all patients” (Figure SA and B).
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Discussion

PROM is a common perinatal complication, the incidence of which increases with gestational age and is closely related
to premature birth, infection, and adverse pregnancy outcomes. Among them, HCA is one of the important complications
of PROM, with an incidence as high as 40%-70%, significantly increasing the risk of premature birth, infection, and
adverse neonatal outcomes.'' However, the clinical manifestations of HCA are often atypical, making early diagnosis
difficult, leading to delayed treatment and further increasing the risk of maternal and infant health. Currently, the
diagnosis of HCA mainly relies on histological examination, but there is a lag, which makes it difficult to meet the
needs of early clinical intervention.'? Although studies have explored the predictive factors and biomarkers of HCA,
there is a lack of a unified prediction model and standardized clinical guidelines. Therefore, further research on the
predictive factors of HCA and optimization of the prediction model are of great significance for improving the maternal
and infant outcomes of PROM patients.
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The results of multivariate logistic regression analysis in this study showed that body temperature, mode of delivery,
WBC count, and neutrophil percentage,PCT were independent risk factors for HCA in patients with PROM. Elevated
body temperature is a typical immune response to infection. After membrane rupture in patients with PROM, pathogens
retrogradely invade the uterine cavity, activating the Toll-like receptor (TLR) signaling pathway and releasing proin-
flammatory cytokines. These cytokines then act on the hypothalamic thermoregulatory center, leading to increased heat
production and decreased heat dissipation, manifesting as an elevated body temperature (>37.3°C)."*'* Cesarean section
(CS) is an invasive method of delivery. It can destroy the amniotic membrane barrier through surgical operation,
increasing the chance of infection. In addition, surgical trauma can activate the sympathetic nerve-adrenal axis, release
hormones such as cortisol, inhibit the phagocytic function of neutrophils and the secretion of cytokines, reduce the body’s
ability to clear intrauterine infection, and indirectly promote the occurrence of HCA.'>'® Increased WBC and neutrophil
counts reflect the degree of inflammatory response and infection. When pathogenic microorganisms invade the uterine
cavity and cause HCA, bacterial lipopolysaccharide can stimulate the proliferation and differentiation of bone marrow
hematopoietic stem cells, release a large number of neutrophils into the blood circulation, and at the same time promote
the migration of neutrophils to the inflammatory site, which is manifested as increased WBC and neutrophil counts.'”'®
Studies have shown'® that PROM duration >18 hours and increased WBC are independent risk factors for HCA,
indicating an increased risk of inflammatory response and infection. PCT is a kind of peptide precursor produced in
large quantities by thyroid C cells, liver, lung and other tissue cells during bacterial infection, which generally does not
increase in viral infection, so it has high specificity for bacterial infection. In PROM patients, pathogenic microorganisms
invade the uterine cavity after the rupture of fetal membranes, which can cause local and even systemic inflammatory
reactions and stimulate various cells to release PCT. The increase of PCT level not only reflects the severity of infection,
but also may promote leukocyte infiltration and cytokine storm by amplifying inflammatory cascade, and aggravate the
inflammatory damage of chorioamnion tissue.?*'

Compared with previous studies, the findings of this research demonstrate better consistency in overall trends. Wang
et al'! found in a study involving late preterm and full-term PROM populations that elevated maternal body temperature,
increased WBC, and elevated neutrophil proportion were significantly associated with the occurrence of HCA, with
a model AUC of 0.82.In this study, the predictive model constructed based on the inclusion of only full-term PROM
participants achieved an AUC of 0.890, demonstrating superior discriminative performance. This suggests that the
model’s predictive efficacy may be further enhanced in relatively homogeneous populations.Previous studies have
predominantly focused on traditional inflammatory markers (eg, WBC, CRP), while attention to PCT has been relatively
limited.Studies by Jalkanen et al*® and Horinouchi et al*' suggest that procalcitonin (PCT) has certain value in predicting
HCA and adverse neonatal outcomes.This study incorporated PCT into multivariate analysis and confirmed it as an
independent risk factor, further supporting its potential clinical significance in the early risk assessment of PROM
combined with HCA. In terms of model construction, while some studies used single indicators or scoring systems for
risk stratification, this study integrated body temperature, mode of delivery, and multiple inflammatory markers through
a column chart format, making the predictive results more intuitive and facilitating rapid clinical decision-making.

The core value of the nomogram lies in visualizing the complex results of multivariate regression analysis. The five
indicators incorporated into this model are all closely related to the pathophysiology of HCA. Results showed that the model
had a C index of 0.875, indicating strong discrimination for HCA. The receiver operating characteristic (ROC) curve
demonstrated high predictive accuracy for HCA. The calibration curve showed a high degree of fit between the nomogram-
predicted HCA risk and the actual probability of occurrence, indicating good consistency and ideal calibration between the
model-predicted and actual risks. Meanwhile, DCA is used to evaluate the clinical net benefit of the predictive model across
different threshold probability ranges, thereby determining whether the model has practical clinical application value. The
DCA results of this study show that, within a wider threshold probability range, the net benefit of the predictive model is higher
than the extreme strategies of “intervention for all patients” or “no intervention for all patients,” suggesting the model’s
potential utility in clinical risk decision-making. For clinicians, DCA provides a visual tool to translate predicted probabilities
into a basis for clinical action. When physicians set acceptable risk thresholds based on their own experience or guidelines, if
the model shows a positive net benefit within that threshold range, using the model for risk stratification helps optimize
intervention timing, reduce unnecessary treatment, and avoid delays in managing high-risk patients. This nomogram’s visual
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design allows physicians to input five common indicators to obtain a personalized HCA risk score (eg, >30% indicates high
risk), guiding early intervention. Through personalized intervention, the incidence of maternal and fetal infection-related
complications can be reduced, thereby improving long-term pregnancy outcomes.”> >* From a clinical perspective, the
nomogram developed in this study provides a practical and intuitive tool for early risk stratification of HCA in PROM
patients. The five predictors included in the nomogram—maternal body temperature, mode of delivery, WBC, neutrophil
percentage, and procalcitonin are all routinely available clinical or laboratory indicators during hospital admission or
intrapartum monitoring. This allows clinicians to quickly assess an individual patient’s HCA risk without requiring additional
examinations or complex calculations. In clinical practice, clinicians can input these five variables into the nomogram to
obtain a total score and the corresponding predicted probability of HCA. For example, patients with a high total score (eg,
predicted risk >30-40%) may be considered to have an increased potential risk of intrauterine infection. In this case, the
nomogram can help clinicians enhance maternal and infant monitoring, optimize the timing of antibiotic treatment, and
carefully evaluate delivery management strategies. Conversely, patients with low predicted risk can avoid unnecessary
interventions, thereby reducing overtreatment and the resulting burden on the mother and baby.

To improve the interpretability and applicability of this model in clinical practice, this study further clarifies potential
clinical management strategies that can be considered at different predicted risk levels. It is important to emphasize that
the predictive model developed in this study is intended to assist in risk stratification, not replace clinical decision-
making. When the predicted risk is low, patients can continue to receive routine obstetric monitoring and follow-up.
When the predicted risk reaches an intermediate level, clinicians may consider enhancing maternal temperature
monitoring, inflammatory marker assessment, and fetal heart rate monitoring, and assess the need for prophylactic
antibiotic treatment based on clinical presentation. When the predicted risk is high, the model results may suggest that
clinicians increase their vigilance for potential histological chorioamnionitis. In this case, clinicians may consider early
anti-infective therapy and carefully evaluate the timing and mode of delivery according to established clinical guidelines,
based on a comprehensive assessment of gestational age, maternal and infant condition, and evidence of infection.

This study has several limitations that need to be addressed. As a single-center retrospective study, the sample size
was relatively small, inevitably leading to selection bias. The generalizability of the predictive model needs further
validation in multicenter prospective cohort studies. Furthermore, some clinically relevant factors, such as the time from
rupture of membranes to delivery and prior antibiotic use, were not included in the analysis, which may have affected the
model’s comprehensiveness. Some continuous variables were categorized rather than modeled as continuous predictors.
While this approach may aid clinical interpretation and application, it may also lead to some information loss and
reduced statistical power, which should be considered a methodological limitation. Additionally, despite internal
validation procedures, stepwise regression methods still carry an inherent risk of overfitting, and this limitation should
be considered when interpreting model performance. Although DCA was performed to assess the model’s clinical
applicability, the optimal clinical decision threshold was not clearly defined. Therefore, the net benefit at a specific
risk threshold and its practical application in different clinical scenarios warrant further investigation.

Conclusion

Body temperature, delivery mode, WBC, neutrophil percentage, and PCT are significantly associated with HCA in
PROM patients. The nomogram model shows good discrimination, calibration, and stability, and may assist in predicting
HCA risk in clinical practice.

This nomogram provides a simple and practical tool for early risk stratification of histological chorioamnionitis in
full-term PROM patients using routine clinical data. It helps clinicians identify high-risk patients requiring close
monitoring or timely intervention, while avoiding unnecessary treatment of low-risk cases. This model is intended to
complement, not replace, clinical judgment.
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