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Introduction

Postpartum Hemorrhage (PPH) is a critical obstetric compli-
cation. Its incidence increases year-on-year based on factors 
such as age, miscarriage, and placental implantation [1-3]. PPH 
poses a serious threat to maternal life, with numerous studies 
highlighting it as the primary cause of maternal mortality [1-
4]. Consequently, global efforts by governments and healthcare 
institutions have been directed toward preventing PPH and re-
ducing maternal mortality [5]. PPH has a multifactorial etiology, 
and its occurrence can be influenced by factors such as race, 
geographic location, socioeconomic status, cultural differences, 
healthcare infrastructure, and prenatal care. These factors con-
tribute to significant variations in the incidence and treatment 

outcomes among different regions and ethnic groups [6,7]. 
Clinically, it is essential to identify patients who are at a high 
risk of PPH and to develop emergency measures [8]. The Qian-
dongnan Miao and Dong Autonomous Prefecture is located in 
southwestern China, with a total population of 4.88 million. The 
primary ethnic groups are the Miao and Dong, with these ethnic 
minorities accounting for as much as 81.7% of the population. 
The region boasts a rich cultural heritage with abundant histori-
cal and diverse ethnic cultural legacies. Treatment choices for 
pregnant women are collectively influenced by ethnicity, cul-
ture, and economics. The present study aims to utilize iterative 
machine learning methods to identify key risk factors for PPH in 
a specific ethnic minority region of China (Qiandongnan Miao 
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and Dong Autonomous Prefecture). The objective is to develop 
a predictive model for the prenatal assessment and identifica-
tion of women who are at a high risk of PPH in this region.

Materials and methods

The study adhered to the ethical principles outlined in the 
revised 2013 Declaration of Helsinki 1975 and followed the 
STROBE guidelines for reporting observational studies [9]. We 
adopted a retrospective research method and expected to col-
lect 960 cases.

Study population

This study included patients admitted to the People’s Hospi-
tal of Qiandongnan Miao and Dong Autonomous Prefecture’s 
obstetrics and intensive care units between January 1, 2018, 
and December 31, 2023 (continuous case selection). Pregnancy 
duration was longer than 28 weeks. Overall, 23,490 patients 
were identified, including 1,050 patients with PPH (4.47%) and 
22,440 patients without PPH. The average age of the patients 
was 31.11±5.59 years, with an age range of 16-48 years. Among 
them, 13,525 patients underwent cesarean section (57.58%), 
and 9,965 patients had vaginal delivery. There were 529 pa-
tients admitted to the intensive care unit (2.25%), with a total 
of five deaths (0.02%).

PPH diagnostic criteria

The diagnostic criteria for PPH were as follows: clinical signs 
of PPH, with a hemorrhage volume exceeding 500 mL for vagi-
nal deliveries and 1000 mL for cesarean section deliveries.

Treatment modalities

The hospitals used proactive treatment measures to address 
complications, closely monitor patients, and implement neces-
sary organ function support therapy to maintain the stability of 
patients’ vital signs. Postpartum management involved intrave-
nous oxytocin infusion (dosage: 0.02-0.04 units per minute). For 
all patients, 10 units of oxytocin were administered intramuscu-
larly after placental expulsion. In patients with continued bleed-
ing, 1 g tranexamic acid was infused intravenously along with 
transfusion therapy. If conservative treatment failed, uterine ar-
tery embolization was performed. In patients in whom bleeding 
persisted after embolization, or severe intraoperative or post-
operative hemorrhage resulted in profound shock necessitating 
life-saving hysterectomy, hysterectomy was performed. Patients 
experiencing hemodynamic instability or organ dysfunction 
were admitted to the intensive care unit for monitoring.

Observational indicators

According to the diagnostic criteria for PPH, patients were 
categorized into the PPH and non-PPH groups. The relevant 
data were extracted from the patients’ health records after dis-
charge, including age, assisted reproductive technology, num-
ber of pregnancies, parturition number, macrosomia, twins, 
history of cesarean section, history of adverse obstetric or peri-
natal events, non-vertex presentation, and stillbirth. Moreover, 
uterine fibroids, anterior placenta, umbilical cord around the 
neck, preexisting hypertension before pregnancy, pregnancy-
induced hypertension, pre-eclampsia, and HELLP (Hemolysis, 
Elevated Liver enzymes, and Low Platelets) syndrome were as-
sessed. Furthermore, gestational diabetes mellitus, diabetes 

mellitus before pregnancy, hepatitis B, Peripartum cardiomy-
opathy, history of pelvic inflammatory disease, history of vagini-
tis, Peripartum sepsis, history of uterine cavity infection, throm-
bocytopenia were evaluated. Other items of interest included 
polyhydramnios, oligohydramnios, post-term pregnancy, intra-
hepatic cholestasis of pregnancy, induced abortion, premature 
birth, premature membrane rupture, placental abruption, uter-
ine atony, retained placenta, placental implantation, and pla-
cental adhesion.

Statistical methods

Data processing was performed using SPSS 26.0 statistical 
software. Categorical data were analyzed using the χ2 test, 
and presented as n (%). Continuous data are presented as the 
mean ± standard deviation, and intergroup comparisons were 
performed using the independent-samples t-test. The model 
was established using a multilayer perceptron neural network. 
P<0.05 was considered statistically significant.

Results

Analysis of Factors Related to PPH. The proportions of pa-
tients with advanced age, high number of pregnancies and 
deliveries, twin pregnancies, an adverse pregnancy history, 
non-vertex presentation, placenta previa, nuchal cord, pre-ec-
lampsia, gestational diabetes mellitus, pelvic inflammatory dis-
ease history, intrauterine infection history, thrombocytopenia, 
polyhydramnios, preterm birth, miscarriage, premature mem-
brane rupture, placental abruption, uterine atony, retained pla-
centa, placenta accreta, general anesthesia, and placental ad-
hesion were higher in the PPH group than in the non-PPH group 
(all P<0.05). The detailed data are presented in (Table 1). 

Data are n (%) or mean ± standard deviation. PPH: postpar-
tum hemorrhage; HELLP: Hemolysis, Elevated Liver enzymes, 
and Low Platelets. Establishment of the Neural Network Model: 
Multilayer perceptron was used to establish the neural network 
model. The presence or absence of PPH was designated as the 
dependent variable (assignment: present = 1, absent = 0). Fac-
tors associated with PPH were selected as independent vari-
ables from (Table 1). Normalization was applied to all categori-
cal variables in the input layer (assignment: present = 1, absent 
= 0). The dataset was randomly partitioned into the training and 
test sets. The training set comprised 70% of the total patient 
population, and the test set accounted for the remaining 30%. 
The number of nodes in the hidden layer was automatically 
computed, and the hyperbolic tangent function was chosen as 
the activation function. Batch processing was used for model 
training, with the optimization algorithm utilizing the adjusted 
conjugate gradient method. To simplify the analysis, the impor-
tance of each factor was ranked in descending order.

A neural network model with one hidden layer and four 
neurons was obtained. The model had a predictive accuracy of 
95.3% in the training set and 95.4% in the test set (Table 2). 
The results of the importance analysis for the independent vari-
ables indicated that placental implantation, anterior placenta, 
retained placenta, placental abruption were significant influ-
encing factors (importance > 70%). The contribution rates for 
all independent variables are detailed in (Table 3 and Figure 1).
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Parameters PPH group( n=1050) Non-PPH group (n=22440) χ2/t P-value

Age 31.63±6.06 31.09±5.57 2.833 0.005

Assisted reproductive technology 77(7.33) 1297 (5.78) 4.100 0.051

Number of pregnancies 4.99±4.84 2.98±2.34 -6.625 0.000

Parturition numbers 1.74±1.02 1.45±0.93 10.132 0.000

Macrosomia 43 (4.10%) 776(3.46%) 1.050 0.301

Twins 98(9.33) 904(4.03) 53.060 0.000

History of cesarean section 322(30.67) 7035(31.35) 0.219 0.658

History of adverse obstetric or perinatal events 215(20.48) 4025(17.94) 4.252 0.040

Non-vertex presentation 349(33.24) 6261(27.9) 13.686 0.000

Stillbirth 16(1.52) 197(0.88) 3.904 0.066

Uterine fibroids 14(1.33) 322(1.43) 0.075 0.894

Anterior placenta 253(24.1) 1071(4.77) 421.236 0.000

Umbilical cord around neck 216(20.57) 5972(26.61) 19.841 0.000

Preexisting hypertension before pregnancy 45(4.29) 814(3.63) 1.174 0.313

Pregnancy-induced hypertension 28(2.67) 522(2.33) 0.488 0.531

Pre-eclampsia 67(6.38) 1022(4.55) 6.842 0.011

HELLP syndrome 2(0.19) 17(0.08) 1.200 0.627

Gestational diabetes mellitus 64(6.10) 1742(7.76) 4.196 0.044

Diabetes mellitus before pregnancy 73(6.95) 1862(8.3) 2.519 0.121

Hepatitis B 4(0.38) 51(0.23) 0.859 0.519

Peripartum cardiomyopathy 2(0.19) 51(0.23) 0.064 0.801

History of pelvic inflammatory disease 83(7.9) 1088 (4.85) 17.059 0.000

History of vaginitis 65(6.19) 1640 (7.31) 1.949 0.181

Peripartum sepsis 1(0.10) 6 (0.03) 1.023 0.274

History of uterine cavity infection 68(6.48) 479 (2.13) 57.706 0.000

Thrombocytopenia 26 (2.48) 225 (1.00) 15.293 0.000

Polyhydramnios 17(1.62) 142 (0.63) 10.623 0.001

Oligohydramnios 69(6.57) 1462 (6.52) 0.005 0.956

Post-term pregnancy 183(17.43) 3571 (15.91) 1.766 0.413

Intrahepatic cholestasis of pregnancy 33(3.14) 588 (2.62) 1.007 0.324

Induced abortion 33(3.14) 824 (3.67) 0.835 0.401

Premature birth 199(18.95) 2650 (11.81) 42.231 0.000

Premature membrane rupture 128(12.19) 3322 (14.8) 5.736 0.018

Placental abruption 17(1.62) 115 (0.51) 14.910 0.000

Uterine atony 182(17.33) 2049 (9.13) 65.317 0.000

Retained placenta 5(0.48) 6 (0.03) 16.489 0.000

Placental implantation 109(10.38) 188 (0.84) 313.767 0.000

Placental adhesion 788(75.05) 12802 (57.05) 141.351 0.000

Table 1: Analysis of factors associated with postpartum hemorrhage in the PPH and non-PPH groups.

Table 2: Analysis of factors associated with postpartum hemorrhage in the PPH and non-PPH groups.

Samples Measured results Number of cases
Predicted results

Non-PPH PPH Correct percentage

Training set

Non-PPH 15675 15571 104 99.3%

PPH 730 663 67 9.2%

Total 16405 16234 171 95.3%

Test set Non-PPH 6713 6680 33 99.5%

PPH 320 294 26 8.1%

Total 7033 6974 39 95.4%

Dependent variable: Postpartum Hemorrhage (PPH).
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Table 3: The importance of independent variables.

Independent Variables Importance Standardized 
Importance

Age .040 29.0%

Number of pregnancies .081 58.2%

Parturition numbers .042 30.4%

Twins .059 42.3%

History of adverse obstetric or perinatal 
events .011 8.2%

Non-vertex presentation .011 7.7%

Anterior placenta .111 80.5%

Umbilical cord around neck .024 17.7%

Pre-eclampsia .009 6.6%

Gestational diabetes mellitus .015 10.7%

History of pelvic inflammatory disease .028 19.9%

History of uterine cavity infection .057 40.9%

Thrombocytopenia .037 26.4%

Polyhydramnios .048 35.0%

Premature birth .005 3.6%

Premature membrane rupture .010 7.3%

Placental abruption .098 71.1%

Uterine atony .033 23.5%

Retained placenta .103 74.2%

Placental implantation .138 100.0%

Placental adhesion .040 29.1%

Figure 1: Importance of the independent variables.

Discussion/conclusion

The Qiandongnan Miao and Dong Autonomous Prefecture, 
located in Guizhou Province, China, is a culturally diverse re-
gion that is primarily inhabited by the ancient and distinct Miao 
and Dong ethnic groups. With societal development, the de-
mographic profile of pregnant women in this region has been 
constantly changing. For instance, there has been an increase 
in the number of pregnancies in people of advanced maternal 
age. In this study, the average maternal age at childbirth was 
31.11 years. Social factors have also led to an increase in the 
rates of miscarriage and cesarean section, potentially causing 
placenta accreta in subsequent pregnancies. Cultural practices 
during pregnancy play significant roles among these ethnic 
groups. Many expectant mothers are influenced by traditional 
Chinese medicine culture, using herbs like Yi Mu Cao, which 
have unknown side effects, to maintain prenatal health. Due to 
genetic factors related to race, pregnant women in this region 
tend to have smaller body sizes and narrower pelvises, result-
ing in the requirement for cesarean section deliveries. Research 

has indicated that ethnicity is a risk factor for PPH, with signifi-
cant differences in the rates of PPH among ethnic groups, such 
as those from sub-Saharan Africa and the Pacific islands [10-
13]. Preventing PPH is crucial for ensuring reproductive health, 
and machine learning has been proposed as a reliable method 
to enhance the accuracy of PPH prediction [14-16]. The pres-
ent study used a multilayer perceptron neural network model 
to identify risk factors for PPH in Qiandongnan Miao and Dong 
Autonomous Prefecture, China, providing personalized preven-
tion strategies. The results highlighted placental implantation, 
anterior placenta, retained placenta, placental abruption as sig-
nificant influencing factors (contribution rate >70%). The model 
demonstrated an accuracy exceeding 95%, indicating robust 
predictive performance, which is consistent with the findings of 
previous studies [17,18]. To compare our results with those from 
other regions, we reviewed the previously published literature. 
Some studies identified many risk factors for PPH, among which 
the most significant were placenta previa, placental abruption, 
uterine rupture, and multiple pregnancies [19]. These risk fac-
tors have similarities with the risk factors identified in our study, 
but there are also differences. In a previous study, regression 
analysis revealed that maternal age <18 years, previous cesar-
ean section, history of PPH, assisted reproductive technology, 
pre-delivery anemia, stillbirth, prolonged labor, and giant fetus 
were significant risk factors for severe PPH [20], differing from 
the local risk factors identified in the present study. Moreover, 
a retrospective cohort study [21] of pregnant women at tertiary 
hospitals in central and southern Louisiana showed that the 
incidence of PPH was 12.3%. Black people, higher body mass 
index, and cesarean section were associated with PPH risk. The 
incidence rate of the study was 4.47% (1,050/23,490), indicat-
ing significant differences between races. A case-control study 
[22] of PPH in the northern province of Rwanda showed that 
the overall incidence of primary PPH was 25.2%. Prenatal bleed-
ing, multiple pregnancies, uterine contractions, residual placen-
tal tissue, and genital organ tears were all risk factors for PPH, 
which were significantly different from those in the Qiandong-
nan region. At a hospital in Greece, the incidence rate of PPH 
was 2.5%. Maternal age greater than 35 years, preterm delivery, 
uterine atony, and placental retention were identified as inde-
pendent predictors of PPH, some of which were similar and oth-
ers of which were different from those in the Qiandongnan re-
gion. Another retrospective cohort study [23] involving 360,370 
women with PPH showed that Black women had a higher risk of 
serious incidence rate and mortality associated with PPH. These 
research results indicate that there are differences in the occur-
rence and prognosis of PPH among races. Particularly, there are 
differences between ethnic minority areas in Qiandongnan and 
other regions, and it is necessary to be vigilant during the pre-
natal and perinatal periods to identify women with risk factors 
and to conduct early intervention to prevent PPH. Despite the 
valuable insights gained from our results, this study has some 
limitations that should be considered. This was a single-center 
retrospective study, and future research should involve multi-
center validation and model refinement to establish stronger 
associations between predictions and patient outcomes. The 
rate of PPH differs between women in the Qiandongnan region 
and women from other regions. Risk factors, such as placen-
tal implantation, anterior placenta, retained placenta, placen-
tal abruption, should be thoroughly identified during prenatal 
care. The neural network model developed in this study dem-
onstrated good efficacy in predicting PPH. In clinical practice, it 
is crucial to identify these high-risk factors, promptly implement 
emergency measures, and prevent adverse outcomes.
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