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Abstract: Objective: To identify independent risk factors for postpartum hemorrhage (PPH) and to develop a dynamic
nomogram model for early prediction and prevention of PPH. Methods: A retrospective analysis was conducted on
clinical data from 372 pregnant women with placenta previa admitted to Baoji Maternal and Child Health Hospital
between March 2022 and March 2024. Patients were categorized into a PPH group (blood loss > 1500 mL, n =
109) and a non-PPH group (blood loss < 1500 mL, n = 263). Clinical data were collected from electronic medical
records. The included cases were split into a training set (n = 260) and a validation set (n = 112) at a 7:3 ratio.
Multivariate logistic regression were conducted to identify risk factors for PPH, and a nomogram predictive model
was constructed based on the identified factors. The predictive performance of the model was assessed using ROC
curve analysis, decision curve analysis (DCA), and calibration curves. Results: Multivariate logistic regression identi-
fied age > 32.5 years (P < 0.001), number of cesarean sections > 2 (P = 0.037), placental adhesion (P < 0.001),
placental implantation (P = 0.002), partial placenta previa (P = 0.004), prior cesarean section with placenta previa
(P =0.020), and anemia (P = 0.002) as independent risk factors for PPH. The nomogram achieved an AUC of 0.880
in the training set and 0.840 in the validation set, indicating strong discrimination and predictive capability. ROC
analysis showed that age, number of cesarean sections, and placental adhesion had high sensitivity and specificity
for predicting PPH, supporting the model’s clinical utility. Conclusion: The dynamic nomogram model developed in
this study, based on factors such as age, number of cesarean sections, placental adhesion, placental implantation,
placenta previa type, previous cesarean with placenta previa, and anemia, demonstrated excellent predictive per-
formance for early identification of PPH risk.
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Introduction medical care, PPH remains a critical obstetric
complication requiring significant attention [6].
Postpartum hemorrhage (PPH) is a leading pre-
ventable cause of maternal mortality world-
wide, significantly impacting women’s repro-
ductive health [1, 2]. According to the Wor-
Id Health Organization (WHO), approximately
70,000 women die each year from PPH, ac-
counting for 27% of all maternal deaths, with
most cases occurring in low- and middle-in-
come countries [3]. Although PPH is less preva-
lent in high-income countries, it remains a maj-
or cause of severe maternal complications and

PPH is influenced by various factors, including
uterine atony, placental abnormalities (e.g., pla-
cental adhesion, implantation issues, and pla-
centa previa), multiple cesarean sections, and
maternal health conditions such as anemia and
impaired glucose tolerance [7]. Although high-
risk factors are theoretically associated with an
increased likelihood of PPH, clinical practice
demonstrates that women with high-risk fac-
tors or multiple low-risk factors can still experi-
ence smooth deliveries. This variability compli-

mortality [4]. Research indicates that PPH sig-
nificantly prolongs hospital stays and increases
medical costs [5]. Furthermore, multiple Eur-
opean studies confirm that, despite advanced

cates prediction and prevention efforts [8].
Current methods for estimating PPH volume -
such as the volumetric, area method, and wei-
ghing method - lack sufficient evidence to sup-
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port universal recommendation. Consequently,
guidelines in the United Kingdom, United Sta-
tes, and China recommend combining blood
loss assessment with clinical symptoms to
diagnose PPH [9].

Despite the development of numerous predic-
tion models, including scoring tables, nomo-
grams, and decision trees, many of these mod-
els fall short in predictive power, accuracy, and
generalizability, particularly across different po-
pulations [10, 11]. Existing studies often iden-
tify individual risk factors for PPH but fail to
integrate them into reliable predictive tools
capable of effectively identifying high-risk wo-
men [12]. Additionally, limitations such as small
sample sizes, inappropriate selection of predic-
tive factors, and inadequate validation meth-
ods compromise the accuracy and clinical
applicability of current models [13, 14].

This study aims to identify comprehensive risk
factors for PPH through multivariate retrospec-
tive analysis and to develop and validate a
dynamic nomogram for early prediction and
prevention of PPH. In this single-center retro-
spective study, clinical data from PPH cases
were divided into a modeling group and a vali-
dation group. The modeling group was used to
identify high-risk factors and construct a pre-
dictive model, while the validation group was
employed to assess the model's performance
and reduce overfitting. The resulting prediction
model is presented in the form of a scoring
table.

Materials and methods
Sample size calculation

Based on the study by Fan et al. [15], the prob-
ability of PPH in patients with placenta previa is
approximately 22.3%. Using the formula for
sample size calculation N = Z2 x [P x (1-P)]/E?,
with a 95% confidence level (Z = 1.96), a PPH
incidence rate of 22.3% (P = 0.223), and a mar-
gin of error of 5% (E = 0.05), the required sam-
ple size is approximately 266 patients per
group. Considering a 10% loss to follow-up or
missing data, the adjusted sample size increas-
es to approximately 293 patients per group.
The final number of participants depended on
clinical data availability and actual patient
recruitment.
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Study design

This retrospective cohort study aims to identify
risk factors for PPH and develop a prediction
model. The study adheres to STROBE reporting
guidelines to ensure the scientific validity of the
research design and reliability of results [16].

Study subjects

The study included 372 critically ill pregnant
women with placenta previa admitted to Baoji
Maternal and Child Health Hospital between
March 2022 and March 2024. All participants
were transferred to the Intensive Care Unit
(ICU) for close monitoring prior to cesarean sec-
tion or vaginal delivery. Placenta previa was
diagnosed by experienced obstetric ultraso-
nographers using transvaginal ultrasound after
28 weeks of gestation, defined as the placenta
partially or completely covering the internal cer-
vical Os. This study was approved by the Ethics
Committee of Baoji Maternal and Child Health
Hospital, and all data were anonymized to pro-
tect patient privacy. The study strictly followed
the ethical principles outlined in the Declaration
of Helsinki [17].

Inclusion and exclusion criteria

Inclusion Criteria: 1. Admitted to the ICU prior to
cesarean section or vaginal delivery. 2. Diag-
nosed with placenta previa by experienced ob-
stetric ultrasonographers using transvaginal
ultrasound after 28 weeks of gestation [18]. 3.
Singleton pregnancy. 4. History of previous
cesarean section.

Exclusion Criteria: 1. Fetal death during preg-
nancy. 2. Lack of relevant delivery information
or incomplete medical records, preventing the
retrieval of key data. 3. Significant bleeding be-
fore delivery. 4. Presence of severe cardiovas-
cular or cerebrovascular diseases, liver or kid-
ney dysfunction, or other major illnesses that
may affect delivery or blood loss. 5. Gestational
age less than 28 weeks, or fetal malformations
or other abnormal conditions.

Definition of PPH

PPH was defined based on the “Guidelines for
the Management and Prevention of PPH” pub-
lished by the Chinese Medical Association of
Obstetrics and Gynecology [18]. Blood loss was
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assessed using a combination of gauze weigh-
ing and blood collection trays. Measurement
started from the skin incision time for cesarean
sections, at the onset of vaginal bleeding in
emergency cesarean sections, or from the start
of delivery in vaginal births, and continued until
24 hours postpartum. Blood loss was recorded
by trained nurses every two hours. Patients
were categorized into the PPH group (blood loss
> 1500 mL, n = 109) and the non-PPH group
(blood loss < 1500 mL, n = 263).

Data collection and variable definitions

Clinical data were collected from the Baoji
Maternal and Child Health Hospital electronic
medical record system, including basic infor-
mation (age, gravidity, gestational weeks at
delivery, pre-pregnancy body mass index [BMI]),
medical history (smoking history, alcohol con-
sumption, anemia, impaired glucose tolerance,
intrauterine infection, etc.), pregnancy and de-
livery-related factors (number of cesarean sec-
tions, placental position, placental adhesion,
placental implantation, type of placenta previa,
interval since last cesarean section, whether a
prior cesarean section was accompanied by
placenta previa), delivery and postpartum data
(mode of delivery, amount of bleeding, newborn
weight, gestational age at termination of preg-
nancy), and outcome indicators (occurrence of
PPH).

Outcome measures

Primary outcome: Identification of independent
risk factors for PPH using logistic regression
analysis [6].

Secondary outcomes: Evaluation of the predic-
tion model’s performance, including discrimina-
tion, calibration (via calibration curves), and
decision curve analysis (DCA). Metrics used for
evaluation include sensitivity, specificity, accu-
racy, precision, F1 score, and the Youden index
[19].

Statistical analysis

The dataset was randomly split into a training
setand avalidationsetina 7:3 ratio. Descriptive
statistical analysis was performed on all vari-
ables. Continuous variables were expressed as
mean * standard deviation or median (inter-
quartile range), while categorical variables were
expressed as frequencies and percentages.
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Univariate analysis included t-tests or Mann-
Whitney U tests for continuous variables and
chi-square tests for categorical variables, in
order to identify factors significantly associated
with PPH. Variables with P < 0.05 in univariate
analysis were included in multivariate logistic
regression, using a stepwise method to identify
independent risk factors. A dynamic nomogram
prediction model was then constructed based
on the multivariate regression results. The mo-
del was developed using the training set data,
and internal validation was performed with the
validation set. Model performance was asses-
sed using discrimination, calibration curves,
and DCA. Correlation analysis was conducted
using a correlation coefficient matrix to assess
relationships among predictive factors and
minimize multicollinearity. All statistical analy-
ses were conducted using SPSS (version 26.0)
for general statistics and R (version 4.3.2) for
DCA, ROC, calibration curves, logistic regres-
sion, and nomogram construction, with a sig-
nificance level set at P < 0.05.

Results
Baseline characteristics of patients

Among the 372 critically ill pregnant women
with placenta previa, significant differences
were observed in multiple baseline characteris-
tics between the PPH group (n = 109) and the
non-PPH group (n = 263). Specifically, the PPH
group exhibited a higher prevalence of having
two or more cesarean sections (P < 0.001), pla-
cental adhesion (P < 0.001), placental implan-
tation (P < 0.001), partial placenta previa (P <
0.001) and an interval of less than three years
since the last cesarean section (P < 0.001), all
of which were more prevalent in the PPH group
compared to the non-PPH group. Additionally, a
history of placenta previa in prior cesarean sec-
tions (P < 0.001), anemia (P = 0.003), advanced
maternal age (P < 0.001), and increased neo-
natal weight (P = 0.022) were all significantly
higher compared to the non-PPH group (Table
1).

Comparison of baseline characteristics after
model splitting

The study sample was randomly divided into a
training set (n = 260) and a validation set (n =
112) in a 7:3 ratio. Comparisons of baseline
characteristics between these sets revealed no
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Table 1. Baseline characteristics of the included patients

Variable PPH Group (n = 109) Non-PPH Group (n = 263) X?/t/Z Value P-Value
Smoking History 0.792 0.373
Yes 17 32
No 92 231
Alcohol Consumption 0.967 0.326
Yes 16 29
No 93 234
Number of Cesarean Sections 17.575 <0.001
>2 40 44
<2 69 219
Placental Attachment Site 0.451 0.502
Primarily Anterior Wall 63 142
Primarily Posterior Wall 46 121
Placental Adhesion 26.812 <0.001
Yes 90 142
No 19 121
Placental Implantation 31.57 <0.001
Yes 27 13
No 82 250
Type of Placenta Previa 21.922 <0.001
Marginal 9 47
Partial 5 50
Complete 95 166
Interval Since Last Cesarean (years) 14.675 <0.001
>3 25 116
<3 84 147
Placenta Previa in Prior C-Section 22.966 <0.001
Yes 29 21
No 80 242
Intrauterine Infection 0.839 0.36
Yes 7 11
No 102 252
Impaired Glucose Tolerance 1.521 0.217
Yes 9 13
No 100 250
Anemia 8.668 0.003
Yes 32 42
No 77 221
Gestational Age at Termination 0.82 0.365
Full-term 57 151
Preterm 52 112
Age (years) 33.77 £ 3.25 30.54 + 4.56 7.702 <0.001
Gestational Weeks at Delivery (weeks) 37.00 (36.00-38.00) 37.00 (35.00-38.00) 1.121 0.255
Gravidity (times) 4.00 (3.00-4.00) 4.00 (3.00-4.00) 0.784 0.414
Newborn Weight (g) 2886.72 + 434.67 3000.83 + 432.68 -2.307 0.022
Pre-pregnancy BMI (kg/m?) 23.54 + 3.51 23.25+2.91 0.757 0.45

Note: PPH: Postpartum Hemorrhage; BMI: Body Mass Index.
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significant differences (P > 0.05), indicating
good consistency between the training and vali-
dation groups (Table 2).

Comparison of baseline characteristics of PPH
patients in the training set

Within the training set, significant differences
were still observed between the PPH group (n =
73) and the non-PPH group (n = 187). The PPH
group continued to exhibit higher rates of two
or more cesarean sections (P < 0.001), placen-
tal adhesion (P < 0.001), placental implanta-
tion (P < 0.001), partial placenta previa (P <
0.001), an interval of less than three years
since the last cesarean section (P = 0.015), a
history of placenta previa in prior cesarean sec-
tions (P < 0.001), anemia (P < 0.001), advanced
maternal age (P < 0.001), and increased neo-
natal weight (P = 0.022) compared to the non-
PPH group (Table 3).

ROC analysis of nine characteristic factors in
predicting PPH

The discriminatory ability of the nine character-
istic factors for predicting PPH varied. Age dem-
onstrated the highest area under the curve
(AUC) of 0.739 (95% confidence interval [Cl]:
0.678-0.800), indicating good discriminatory
power, with a specificity of 69.52% and sensi-
tivity of 71.23%, reflecting a relatively balanced
performance. In contrast, neonatal weight ex-
hibited a lower predictive power with an AUC of
0.578 (95% Cl: 0.501-0.655), sensitivity of
52.05%, specificity of 60.96%, and a Youden
index of 13.02%. Other factors, such as placen-
tal adhesion (AUC = 0.641, 95% CI = 0.584-
0.698) and the type of placenta previa after
cesarean section (AUC = 0.616, 95% CI =
0.561-0.670), also demonstrated some value
in predicting PPH risk (Figure 1; Table 4).

Correlation analysis of PPH-related character-
istic factors

Correlation analysis of the nine PPH-related
characteristic factors revealed generally weak
correlations among them. The strongest corre-
lations were observed between placental im-
plantation and placental adhesion (r = 0.162, P
=0.006), neonatal weight and age (r = 0.163, P
=0.008), and the type of placenta previa with a
history of placenta previa in prior cesarean sec-
tions (r = 0.153, P = 0.013). However, all corre-
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lation coefficients were below 0.3, indicating
that the linear relationships among these char-
acteristic factors were weak and insufficient for
predicting PPH using linear models (Figure 2).

Logistic regression screening of independent
risk factors influencing PPH

Multivariate logistic regression analysis was
used to identify independent risk factors for
PPH based on the nine characteristic factors
(Table 5). The analysis revealed that parturi-
ents aged 32.5 years or older had a significant-
ly increased risk of PPH (P < 0.001, odds ratio
[OR] = 5.967). A history of two or more cesare-
an sections was also associated with a higher
risk (P = 0.037, OR = 2.326). Other significant
risk factors included placental adhesion (P <
0.001, OR =4.579), placental implantation (P =
0.002, OR = 5.701), complete placenta previa
(P =0.004, OR = 2.236), and a history of pla-
centa previa in prior cesarean sections (P =
0.020, OR = 3.351). Conversely, an interval of
three or more years since the last cesarean
section was associated with a reduced risk of
PPH (P = 0.037, OR = 0.449) (Table 6).

Construction and internal validation of the
dynamic nomogram model

A nomogram model was constructed based on
multiple risk factors, including age, number of
cesarean sections, placental adhesion, placen-
tal implantation, type of placenta previa, inter-
val since last cesarean section, history of pla-
centa previa, and anemia. The model formula is
as follows: Logit = -3.1903 + 1.7633 (Age >
32.5 years) + 0.8716 (Number of Cesarean
Sections > 2) + 1.5119 (Presence of Placental
Adhesion) + 1.7289 (Presence of Placental
Implantation) + 1.3801 x (Type of Placenta
Previa: Marginal) - 1.4666 x (Type of Placenta
Previa: Partial) - 0.8119 x (Post-Cesarean
Interval = 3 years) + 1.1622 x (Placenta Previa
in Prior C-Section) + 1.2598 x (Presence of
Anemia). In this model, placental adhesion, pla-
cental implantation, and the number of cesar-
ean sections were strongly correlated with PPH,
while age, type of placenta previa, and interval
since the last cesarean section showed moder-
ate correlations. A history of placenta previa
and anemia had relatively weaker correlations
with PPH (Figure 3A). Utilizing the DynNom pa-
ckage, a dynamic model was created. To evalu-
ate its practical application, seven patients
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Table 2. Comparison of baseline characteristics between the training set and validation set

Variable Training Set (n = 260) Validation Set (n = 112) x?/t/Z Value P-Value
Smoking History 0.007 0.934
Yes 34 15
No 226 97
Alcohol Consumption 0.288 0.591
Yes 33 12
No 227 100
Number of Cesarean Sections 0.214 0.644
>2 57 27
<2 203 85
Placental Position 0.153 0.696
Primarily Anterior Wall 145 60
Primarily Posterior Wall 115 52
Placental Adhesion 0.072 0.788
Yes 161 71
No 99 41
Placental Implantation 0.145 0.704
Yes 29 11
No 231 101
Type of Placenta Previa 0.379 0.827
Marginal 40 16
Partial 40 15
Complete 180 81
Interval Since Last Cesarean (years) 0.016 0.898
>3 98 43
<3 162 69
Placenta Previa in Prior C-Section 0.098 0.754
Yes 34 16
No 226 96
Intrauterine Infection 0.693 0.405
Yes 11 7
No 249 105
Impaired Glucose Tolerance 0.033 0.857
Yes 15 7
No 245 105
Anemia 0.042 0.838
Yes 51 23
No 209 89
Gestational Age at Termination 0.02 0.887
Full-term 146 62
Preterm 114 50
PPH Status 0.625 0.429
Yes 73 36
No 187 76
Age (years) 3140+ 4.64 31.70 £ 4.02 0.629 0.53
Gestational Weeks at Delivery (weeks) 37.00 (36.00-38.00)  37.00 (35.00-38.00) -0.012 0.991
Gravidity (times) 4.00 (3.00-4.00) 3.50 (3.00-4.00) -0.127 0.895
Newborn Weight (g) 2970.70 + 445.45 2959.73 + 414.35 -0.229 0.819
Pre-pregnancy BMI (kg/m?) 23.34 + 3.10 23.33+3.11 -0.022 0.983

Note: PPH: Postpartum Hemorrhage; BMI: Body Mass Index.
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Table 3. Comparison of baseline characteristics of PPH and non-PPH patients within the training set

Variable PPH Group (n=73) Non-PPH Group (n = 187) x?/t/ZValue P-Value
Smoking History 0.05 0.823
Yes 9 25
No 64 162
Alcohol Consumption 0.517 0.472
Yes 11 22
No 62 165
Number of Cesarean Sections 13.454 <0.001
>2 27 30
<2 46 157
Placental Position 1.42 0.233
Primarily Anterior Wall 45 100
Primarily Posterior Wall 28 87
Placental Adhesion 17.684 <0.001
Yes 60 101
No 13 86
Placental Implantation 27.024 <0.001
Yes 20 9
No 53 178
Type of Placenta Previa 14.132 <0.001
Marginal 6 34
Partial 4 36
Complete 63 117
Interval Since Last Cesarean (years) 5.881 0.015
>3 19 79
<3 54 108
Placenta Previa in Prior C-Section 11.975 <0.001
Yes 18 16
No 55 171
Intrauterine Infection 0.391 0.532
Yes 4 7
No 69 180
Impaired Glucose Tolerance 0.218 0.641
Yes 5 10
No 68 177
Anemia 16.481 <0.001
Yes 26 25
No 47 162
Gestational Age at Termination 0.693 0.405
Full-term 38 108
Preterm 35 79
Age (years) 33.77 £ 3.25 30.54 + 4.56 7.702 <0.001
Gestational Weeks at Delivery (weeks) 37.00 (36.00-38.00) 37.00 (35.00-38.00) 1.121 0.255
Gravidity (times) 4.00 (3.00-4.00) 4.00 (3.00-4.00) 0.784 0.414
Newborn Weight (g) 2886.72 + 434.67 3000.83 + 432.68 -2.307 0.022
Pre-pregnancy BMI (kg/m?) 23.54 + 3.51 23.25+2.91 0.757 0.45

Note: PPH: Postpartum Hemorrhage; BMI: Body Mass Index.
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A Age (years) (AUC=0.739) B Newborn weight (g) (AUC=0.578) C Cesarean section (AUC=0.605)
100% 100% 100%
75% 75% 75%
2 50% 2 50% 2 50%
=4 . = ’ f = .
[0} & [0} i ) L
(%} % (7] % (7] %
25% 25% 25%
0% |~ 0% |4 0% |~
0% 25% 50% 75% 100% 0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
1-Specificity (%) 1-Specificity (%) 1-Specificity (%)
D Placental adhesion (AUC=0.641) E Placental implantation (AUC=0.613) F Type of placenta previa (AUC=0.616)
100% 100% 100%
75% 75% 75%
z 2z 2z
2 50% 2 50% 2 50%
‘@ e ‘@ e ‘@ e
=4 . = o C .
Q o [0} 1 o) &~
(%} L 7] L (7] -
25% 25% 25%
0% | 4 0%~ 0%~
0% 25% 50% 75%  100% 0% 25% 50% 75%  100% 0% 25% 50% 75%  100%
1-Specificity (%) 1-Specificity (%) 1-Specificity (%)
G . : - H Placenta previa in prior | . _
Post-cesarean interval (AUC=0.581) ) C-section (AUC=0.581) ) Anemia (AUC=0.611) )
100% 100% 100%
75% 75% 75%
z 2z 2z
2 50% 2 50% 2 50%
= . C ’ C .
Q & [0} A o) P
(] e w L w L
25% 25% 25%
0%| 0% |~ 0% |~
0% 25% 50% 75%  100% 0% 25% 50% 75%  100% 0% 25% 50% 75%  100%
1-Specificity (%) 1-Specificity (%) 1-Specificity (%)

Figure 1. ROC curves of nine characteristic factors in predicting PPH. A. ROC curve for age (years). B. ROC curve for
newborn weight (g). C. ROC curve for number of cesarean sections. D. ROC curve for placental adhesion. E. ROC
curve for placental implantation. F. ROC curve for type of placenta previa. G. ROC curve for post-cesarean interval.
H. ROC curve for Anemia. |. ROC curve for Placenta Previa in Prior C-Section. Note: PPH: Postpartum Hemorrhage;
ROC: Receiver Operating Characteristic Curve.

Table 4. ROC parameters of nine characteristic factors in predicting PPH

Marker AUC 95% Cl  Specificity Sensitivity Youden Index Cut-off Accuracy Precision F1 Score
Age (years) 0.739 0.678-0.800 0.6952 0.7123 0.4075 325 0.7 0.7123 0.5714
Newborn Weight (g) 0.578 0.501-0.655 0.6096 0.5205 0.1302 2881.5 0.4154 0.4795 0.3153
Cesarean Section 0.605 0.543-0.666 0.8396 0.3699 0.2094 0.5 0.7077 0.3699 0.4154
Placental Adhesion 0.641 0.584-0.698 0.4599 0.8219 0.2818 0.5 0.5615 0.8219 0.5128
Placental Implantation 0.613 0.559-0.667 0.9519 0.274 0.2258 0.5 0.7615 0.274 0.3922
Type of Placenta Previa 0.616 0.561-0.670 0.3743 0.863 0.2373 1.5 0.5115 0.863 0.498
Post-Cesarean Interval 0.581 0.519-0.643 0.4225 0.7397 0.1622 -0.5 0.5115 0.7397 0.4596
Placenta Previa in Prior C-Section 0.581 0.527-0.634  0.9144 0.2466 0.161 0.5 0.7269 0.2466 0.3364
Anemia 0.611 0.551-0.672 0.8663 0.3562 0.2225 0.5 0.7231 0.3562 0.4194

Note: PPH: Postpartum Hemorrhage.
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benefit within a threshold
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Figure 2. Correlation matrix of nine characteristic factors in predicting PPH.
This heatmap displays the correlation coefficients (r) among nine character-
istic factors related to PPH. The values along the diagonal represent perfect
correlations of each factor with itself (r = 1). The color gradient indicates the
strength and direction of the correlations, with blue representing positive
correlations and red representing negative correlations. Note: PPH: Postpar-

tum Hemorrhage.

were randomly selected from the validation set.
This model allows clinicians to calculate the
probability of PPH risk in real time based on
specific patient characteristics (Figure 3B).

Internal validation of the nomogram model
within the training set demonstrated good dis-
crimination and calibration. Decision curve
analysis (DCA) indicated that the model provid-
ed a high net benefit within a threshold proba-
bility range of 0-64% (Figure 4A). Calibration
curve's goodness-of-fit testing yielded a chi-
square value of 1.1216e-26 (P < 0.999), sug-
gesting ideal calibration in the training set
(Figure 4B). ROC curve analysis showed an AUC
of 0.880, demonstrating high discriminatory
power and its ability to effectively distinguish
between high- and low-risk patients (Figure
4C).

In the validation set, the model’s performance
remained robust, with DCA showing a high net
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factors. The results demon-
strated that age > 32.5 years,
number of cesarean sections
> 2, placental adhesion, pla-
cental implantation, partial
placenta previa, prior cesare-
an section with placenta pre-
via, and anemia are signifi-
cant independent risk factors for PPH. The
nomogram model achieved an AUC of 0.880 in
the training group and 0.840 in the validation
group, indicating strong discrimination and pre-
dictive performance. Compared with the find-
ings of Xu et al. [20], whose artificial neural net-
work model achieved an AUC of 0.917, and
Okunade et al. [21], whose antenatal risk pre-
diction model in Nigeria achieved an AUC of
0.72, our dynamic nomogram model exhibited
robust applicability and stability across differ-
ent populations.

In a multicenter retrospective case-control
study by Dang et al. [22], their nomogram
model achieved an AUC of 0.839 in the valida-
tion set, which aligns closely with our validation
AUC of 0.840, suggesting strong generalizabili-
ty of nomogram models in diverse medical set-
tings. Cao et al. [23] developed a nomogram
model for patients with placenta previa and
previous cesarean sections, achieving an AUC
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Table 5. Assignment table

Variable Factor Type Assignment

Number of Cesarean Sections X >22=1;<2=0

Placental Adhesion X Yes=1;No=0

Placental Implantation X Yes=1;No=0
Post-Cesarean Interval X >3years=1;<3years=0
Placenta Previa in Prior C-Section X Yes=1;No=0

Anemia X Yes=1;No=0

Type of Placenta Previa X Marginal = O; Partial = 1; Complete = 2
Age (years) X <325=0;>2325=1
Newborn Weight (g) X <2881.5=0;>228815=1
PPH Status Y No=0;Yes=1

Note: Y: Dependent Variable; X: Independent Variable. PPH: Postpartum Hemorrhage.

Table 6. Multivariate logistic regression analysis

Variable B SE P-Value OR Lower 95% ClI  Upper 95% CI

Age (years) 1.786 0.374 <0.001 5.967 2.922 12.782

Newborn Weight (g)
Cesarean Section 0.844 0.405 0.037 2.326 1.048 5.177
Placental Adhesion 1.522 0.423 <0.001 4.579 2.067 10.974
Placental Implantation 1.741 0.561 0.002 5.701 1.971 18.066
Type of Placenta Previa 0.805 0.283 0.004 2.236 1.325 4.049
Post-Cesarean Interval -0.802 0.384 0.037 0.449 0.207 0.937
Placenta Previa in Prior C-Section 1.209 0.52 0.02 3.351 1.214 9.468
Anemia 1.316 0.435 0.002 3.73 1.602 8.91

of 0.863 in the validation set. Furthermore, Lu
et al. [24] constructed a nomogram model com-
bining MRI and ultrasound data, achieving an
AUC of 0.918 in predicting PPH risk in patients
with placenta previa.

Our study’s findings align with multiple existing
studies, deepening the understanding of PPH
risk factors. Ma et al. [25] highlighted placenta
previa and placenta accreta as major contribu-
tors to PPH, consistent with our findings on pla-
cental adhesion and implantation. Pettersen et
al. [26] and Liu et al. [27] confirmed the in-
creased risk of PPH with placental implantation
and placenta previa, reinforcing our conclu-
sions. Kawakita et al. [28] evaluated existing
PPH risk assessment tools and found them to
have moderate predictive capabilities, empha-
sizing the need for more precise prediction
models like ours. Yang et al. [29] explored the
impact of advanced maternal age on PPH risk,
validating our findings regarding age. Zeng et al.
[18] constructed a multifactorial nomogram
model, showcasing the potential of such mod-
els in predicting PPH, similar to our approach.
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When analyzing the grouped characteristic fac-
tors, we can categorize them into three groups:
basic maternal information, pregnancy and de-
livery-related factors, and maternal health sta-
tus. Firstly, age > 32.5 years is a critical mater-
nal characteristic. Older maternal age is associ-
ated with decreased uterine contractility and
increased vascular fragility, both of which ele-
vate the risk of hemorrhage [30]. As women
age, their uterine elasticity diminishes, reduc-
ing muscle blood flow and increasing the likeli-
hood of uterine atony, a significant contributor
to PPH. Moreover, the decreased elasticity and
increased fragility of vascular walls in older
women make hemorrhage more challenging to
control. Secondly, multiple cesarean sections
and a history of placenta previa are key preg-
nancy and delivery-related factors. Multiple
cesarean sections can result in uterine scar
formation, increasing the risk of abnormal pla-
cental attachment, such as adhesion and im-
plantation [26, 29]. Uterine scars alter the uter-
ine structure and blood supply, creating favor-
able conditions for abnormal placental attach-
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Figure 3. Nomogram model and its dynamic validation results. A. The nhomogram model constructed based on
multiple risk factors for assessing the risk of PPH. B. Validation results of the dynamic model constructed using the
DynNom package. We randomly selected seven patients from the validation set for risk assessment, presenting
their predicted probabilities and 95% confidence intervals. Note: PPH: Postpartum Hemorrhage.

ment, significantly increasing the risk of PPH.
Additionally, an increased number of cesarean
sections is associated with abnormal placental
positions. Partial placenta previa, where the
placenta partially covers the internal cervical
Os, heightens the risk of bleeding during pla-
cental separation [31]. Lastly, anemia, as a key
factor in maternal health status, contributes to
reduced blood volume and hemoglobin res-
erves, exacerbating the risk of bleeding [28].
Anemic patients are less capable of effectively
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transporting oxygen and maintaining tissue
function, making them more susceptible to
shock and multi-organ dysfunction during hem-
orrhage. Additionally, anemia can impair uter-
ine contractility, further increasing hemorrhage
risk. Analyzing these characteristic factors
highlights their specific mechanisms in influ-
encing PPH occurrence and underscores the
clinical utility of the dynamic nomogram model.
This model enables clinicians to assess bleed-
ing risk prenatally, enabling them to formulate
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Figure 4. Internal validation of the nomogram model’s decision curve analysis, calibration curves, and ROC curves.
(A-C) Decision curve analysis (A), calibration curve (B), and ROC curve (C) of the model in the training group. (D-F)
Decision curve analysis (D), calibration curve (E), and ROC curve (F) of the model in the validation group. Note: DCA:
Decision Curve Analysis; ROC: Receiver Operating Characteristic; AUC: Area Under the Curve.

personalized prevention and intervention mea-
sures, optimize medical resource allocation,
and reduce transfusion needs and related
complications.

Despite the progress made in identifying PPH
risk factors and constructing the prediction
model, our study has several limitations. First,
as a single-center retrospective study, there is
a potential for selection bias and information
bias, which may limit the generalizability of the
results. Second, relying on electronic medical
records may lead to data omissions and incom-
plete records, affecting the comprehensive-
ness of the variables. Additionally, the study did
not consider some potential risk factors, such
as genetic factors, biochemical markers, and
lifestyle during pregnancy, which may influence
the model’s predictive ability.

Future research should adopt multicenter pro-
spective designs covering different regions and
medical settings to validate the model’s appli-
cability in a broader population. Integrating
additional data dimensions, including genetic
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information, biochemical indicators, and life-
style factors, would enhance the model's com-
prehensiveness and precision. Moreover, inte-
grating artificial intelligence and machine le-
arning technologies could further optimize the
model’s predictive performance and practica-
lity.

Conclusion

This retrospective cohort analysis successfully
identified independent risk factors affecting
PPH in critically ill pregnant women with placen-
ta previa and constructed a dynamic nomo-
gram prediction model based on these factors.
The model demonstrated strong predictive per-
formance in both the training and validation
groups, with high discrimination and calibra-
tion. Applying the dynamic nomogram model
aids clinicians in the early identification of high-
risk pregnant women, enabling personalized
prevention and intervention measures, improv-
ing maternal safety, and reducing PPH-related
complications and mortality.
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