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A B S T R A C T   

Objectives: Postpartum hemorrhage (PPH) is a common cause of maternal death worldwide, but data on PPH 
incidence and influencing factors for nulliparous and multiparous women is scarce. So, the study aimed to assess 
the differences in PPH incidence and influencing factors between nulliparous and multiparous women. 
Methods: A multicenter retrospective cohort study was conducted among women who gave birth at ≥ 28 weeks of 
gestation in Hunan Province, China, from January 2017 to December 2018. Logistic regression assessed PPH- 
influencing factors, and the receiver operating characteristic curve (ROC curve) assessed the predictive perfor
mance of identified factors. 
Results: A total of 144,845 postpartum women were included in the study. The incidence of PPH (blood loss ≥
500 ml) was 2.1 % and 1.7 % for nulliparous and multiparous women, respectively. Among the nulliparous and 
multiparous women, similar influencing factors of PPH included erythrocyte suspension transfusion before 
childbirth, anemia, soft-birth canal avulsion, Cesarean-section, placenta abruption, and general anesthesia 
administration before birth. Thrombophlebitis was associated [aOR 18.46(1.67–20.31)] with PPH among only 
the nulliparous women, while instrument-assisted birth [aOR 1.95(1.16–3.28)] and gestational hypertension 
[aOR 1.57(1.13–2.19)] were associated with PPH among only the multiparous women. The areas under the ROC- 
curve for the overall-cohort, nulliparous, and multiparous groups were [0.829(0.821–0.838)], [0.828 
(0.815–0.840)] and [0.833(0.822–0.844)], respectively. 
Conclusion: PPH incidence is higher among nulliparous women than among multiparous women, but influencing 
factors vary relatively by parity. The study findings provide new insights into the use of different approaches to 
PPH prevention for nulliparous and multiparous women in clinical practice.   

1. Introduction 

Postpartum hemorrhage (PPH) is defined as blood loss of 500 ml or 
more within 24 h following birth, and severe PPH is defined as blood loss 
of 1000 ml or more within 24 h following childbirth (Who, 2009). PPH is 
a common cause of maternal mortality that accounts for about one- 
quarter (25 %) of all maternal deaths globally (Geller et al.,2006; 
Knight M,Callaghan WM,Berg C,et al., Trends in postpartum hemor
rhage in high resource countries: a review and recommendations from 
the International Postpartum Hemorrhage Collaborative Group. BMC 

Pregnancy Childbirth.,2009;Say et al.,2014). According to the World 
Health Organization’s (WHO) and existing research, 14 million women 
develop PPH annually, 127,000 die, and half of these deaths occur in 
Africa and Asia (Sosa et al., 2009; Who, 2012; Khan et al., 2006; Hogan 
et al., 2010). Despite recent advances in obstetric emergency care and 
preventive measures in China, PPH remains the leading cause of 
maternal death (32 %) (Feng et al., 2010). 

Globally, there is growing public concern over the rising incidence of 
PPH (blood loss ≥ 500 ml), with estimates ranging from 1.47 to 18 % 
among women of mixed parity in published studies (Magann et al., 

* Corresponding authors. 
E-mail addresses: plbestman@gmail.com (P.L. Bestman), jufang3497@163.com (J. Fang), jiayouluo@126.com (J. Luo).  

Contents lists available at ScienceDirect 

Preventive Medicine Reports 

journal homepage: www.elsevier.com/locate/pmedr 

https://doi.org/10.1016/j.pmedr.2023.102580 
Received 13 July 2023; Received in revised form 22 December 2023; Accepted 23 December 2023   

mailto:plbestman@gmail.com
mailto:jufang3497@163.com
mailto:jiayouluo@126.com
www.sciencedirect.com/science/journal/22113355
https://www.elsevier.com/locate/pmedr
https://doi.org/10.1016/j.pmedr.2023.102580
https://doi.org/10.1016/j.pmedr.2023.102580
https://doi.org/10.1016/j.pmedr.2023.102580
http://creativecommons.org/licenses/by-nc-nd/4.0/


Preventive Medicine Reports 38 (2024) 102580

2

2005; Devine, 2009; Magann et al., 2005). Even though nulliparous and 
multiparous women make up a large part of the birthing population, 
there is limited information about the incidence of PPH in these 
women’s groups. Only a few nulliparous studies (Bais et al., 2004; 
Govindappagari et al., 2020) assessed PPH incidence, with reported 
estimates ranging from 4.2 % to 19.0 %, but no study has assessed PPH 
incidence in multiparous women. 

Although there are studies (Li et al., 2021; Liu et al., 2021;21 
(1):332.; Xu et al., 2018; Wei et al., 2020) reporting PPH incidence 
among the general birthing population in China, with estimates ranging 
from 0.81 % to 15.4 %, no study has assessed the differences in PPH 
incidence for nulliparous and multiparous women. Although PPH ac
counts for the vast majority of maternal deaths worldwide, most PPH- 
associated maternal deaths are preventable if influencing factors are 
identified early and prompt measures are implemented (Sosa et al., 
2009; Who, 2012; Khan et al., 2006). Therefore, with nulliparous and 
multiparous women making up a large part of the birthing population, it 
is essential to assess factors influencing PPH among these women’s 
groups to help prevent PPH and its associated complications. Accord
ingly, several population-based studies from Latin America, Australia, 
the Netherlands, and the United States have assessed factors influencing 
PPH among women of mixed parity (Sosa et al., 2009; Magann et al., 
2005; Ford et al., 2007; Chang et al., 2011; Kramer et al., 2013). How
ever, only a few studies (Bais et al.,2004;Dionne MD,Deneux-Tharaux C, 
Dupont C,et al., Duration of Expulsive Efforts and Risk of Postpartum 
Hemorrhage in Nulliparous Women: A Population-Based Study. PLoS 
One.,2015;Govindappagari et al.,2020) have assessed factors influ
encing PPH among nulliparous women; no study has assessed factors 
influencing PPH among multiparous women. The few nulliparous 
studies reported relatively different influencing factors of PPH 
(including abnormal third-stage labor, expulsive efforts, mild throm
bocytopenia, epidural analgesia, and prophylactic postpartum oxytocin 
administration), assessed few risk variables, and used a smaller sample 
size compared to our current study. In China, there are studies (Li et al., 
2021; Liu et al., 2021;21(1):332.; Xu et al., 2018; Wei et al., 2020) 
reporting a few similar PPH influencing factors (including macrosomia, 
placenta previa and abruption) and some different influencing factors 
(including obesity (Li et al., 2021), conception through in vitro fertil
ization, maternal age < 18 years (Liu et al., 2021;21(1):332.), repeated 
cesarean section (Xu et al., 2018), and lateral perineotomy (Wei et al., 
2020) of PPH among the general birthing population. However, there is 
no information on whether or not these influencing factors are the same 
or different for nulliparous and multiparous women. 

As a result, this study aimed to assess the differences in PPH inci
dence and influencing factors for nulliparous and multiparous women 
for the first time to provide a scientific basis for using different ap
proaches to preventing PPH in these women’s groups. 

2. Methods 

2.1. Data Sources, Inclusion, and exclusion criteria 

The multicenter hospital-based retrospective cohort study collected 
data from medical records at 18 randomly selected health facilities (5 
general hospitals and 13 maternal-child healthcare hospitals) within 
Hunan Province, South China. This study was performed following the 
Principles of the Declaration of Helsinki. Our study followed the in
stitution’s guidelines for protection of human subjects concerning their 
safety and privacy. Ethical approval was granted by the Ethics and 
Research Committee of the Xiangya School of Public Health, Central 
South University (No. XYGW − 2023–52). 

The sum of 144,845 pregnant women admitted to hospitals in Hunan 
Province, South China, from January 1, 2017 to December 31, 2018, 
who gave birth at ≥ 28 weeks of gestation were included into the study, 
while those without data on the exact gestational age at birth were 
excluded. The study data was collected using China’s validated Annex 1 

Critical Maternal Surveillance Questionnaire (Appendix A). Complete 
medical information for each birth, including maternal sociodemo
graphic and obstetric factors (including maternal age, marital status, 
education, gravidity, type of pregnancy, place of birth, antenatal care 
visits, mode of birth, gestational age, and birth weight) were assessed. 
From the time of admission until the time of discharge, we assessed 
comorbidities or complications that occurred. These included anemia, 
diabetes, hepatopathy, gestational hypertension, blood clot formation 
disorder, low platelet count(<50,000 µl), systemic infection, HELLP 
syndrome, puerperal/postpartum infection, pre-eclampsia/eclampsia, 
placenta previa and abruption, soft birth canal avulsion, and thrombo
phlebitis. We also evaluated medical measures, including hysterectomy, 
administration of general anesthesia before childbirth, administration of 
magnesium sulfate before birth, erythrocyte suspension before delivery, 
and platelet transfusion. We categorized comorbidities or complications 
during pregnancy and childbirth, as well as the medical measure vari
ables, as “yes” or “no.”. 

2.2. Definitions 

This study’s primary outcome was PPH, defined as greater than or 
equal to 500 ml of blood loss after childbirth. Using WHO guidelines, 
PPH was classified as moderate (for blood loss of 500–999 ml following 
birth) or severe (for blood loss of 1000 ml or more following birth) 
(Who, 2009). Following the WHO recommendations, anemia was 
diagnosed in pregnancy when the concentration of hemoglobin was less 
than 110 g/L (<11 g/dL) (Shi et al., 2022;5(2):e2147046.). The diag
nosis of diabetes followed the International Association of Diabetes and 
Pregnancy Study Group (IADPSG) 2010 criteria (Association and of 
Diabetes and Pregnancy Study Groups Consensus Panel, Metzger BE, 
Gabbe SG, 2010), while the diagnosis of hypertensive disease of preg
nancy (gestational hypertension and preeclampsia/eclampsia) followed 
the 2009 recommendation of the International Society for the Study of 
Hypertension in Pregnancy (ISSHP) (Brown et al., 2001;20(1):IX-XIV.). 
The diagnosis of hepatopathy was made following the recommendations 
in the American College of Gastroenterology’s (ACG) Clinical Guidelines 
for Liver Disease in Pregnancy (Tran et al., 2016). Placenta previa was 
diagnosed using ultrasonography and magnetic resonance imaging 
(MRI), showing that the placental margin reached the internal cervical 
orifice after 28 weeks of gestation. Furthermore, placental abruption 
was diagnosed based on positive signs of vaginal bleeding and uterine 
tachysystole, which indicated partial or complete placenta detachment 
from the uterus after 20 weeks of gestation but before delivery. Soft birth 
canal avulsion refers to obstetric trauma that occurs during labor and 
delivery, affecting the birth canal and soft tissue. Amniotic fluid em
bolism was defined as a severe but rare obstetric emergency in which 
amniotic fluid enters the bloodstream of a pregnant mother) (McDonnell 
et al., 2015). In our study, thrombophlebitis (a condition characterized 
by blood clot formation in a vein that causes inflammation and pain) 
included deep vein thrombosis (DVT) of the legs and pelvis. Diagnosing 
thrombophlebitis relies on a combination of clinical evaluation and 
diagnostic tests. If an initial Doppler ultrasound (a noninvasive method 
that uses sound waves to visualize blood flow) was negative, additional 
investigation, including serial compression ultrasound or magnetic 
resonance venography (which employs magnetic resonance imaging 
technology to provide detailed vein images, detect clots or obstructions, 
and assess vein-related conditions), was performed for the diagnosis of 
thrombophlebitis in pregnancy. The diagnostic procedures followed the 
American Society of Hematology 2018 guidelines for managing venous 
thromboembolism in pregnancy (Bates et al., 2018). 

2.3. Statistical analysis 

A descriptive statistic was used to calculate the frequency, means, 
percentages, and incidence of PPH in the study. A Multivariate logistic 
regression was performed to identify PPH-influencing factors for 
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nulliparous and multiparous women. Specifically, forward stepwise lo
gistic regression analysis was used to calculate the adjusted odds ratio 
(aOR) and 95 % confidence interval(CI). The study adjusted for maternal 
sociodemographic and obstetric factors (maternal age, marital status, 
educational status, and gravidity). The entry and removal points were 
set at 0.10 and 0.15 during the analysis, respectively. A two-sided 
probability p-value of ≤ 0.05 was considered statistically significant 
for this study. Also, the receiver operating characteristic curve (ROC 
curve) was used to examine the predictive performance of the identified 
influencing factors of PPH. Subgroup analysis using single and combined 
influencing factors of PPH was performed in the overall study cohort and 
within the nulliparous and multiparous women’s groups. All the statis
tical analyses were performed using IBM SPSS Statistics Version 26.0 
(IBM Corp., Chicago, IL, USA). 

3. Results 

3.1. Descriptive Statistics 

A total of 144,845 postpartum women were included in this study; 
60,686(41.9 %) were nulliparous women, and 84,159(58.1 %) were 
multiparous women. The study included more women (45.0 %) aged 
30–34. The majority of the women (98.5 %) were married or cohabiting, 
most (64.0 %) had secondary school education, and a majority (63.5 %) 
of the women were primigravida. Furthermore, 64.9 % of the women 
had 4–9 ANC visitation records, and most (51.7 %) used county-level 
hospitals as a place of birth. Most (55.7 %) of the women had a 
normal vaginal delivery (see Table 1). 

3.2. Incidence of Postpartum Hemorrhage (PPH) 

As in Fig. 1., 2,724 women had PPH (postpartum blood loss ≥ 500 
ml), giving an overall PPH incidence of 1.9 %. From the subgroup 
analysis, moderate PPH incidence was 1.3 %, and severe PPH incidence 
was 0.6 %. Furthermore, 1,259 nulliparous women had PPH, while 
1,465 multiparous women had PPH. Nulliparous women had a slightly 
higher PPH incidence (2.1 %) than multiparous women (1.7 %). 

3.3. Univariate analysis on potential influencing factors of PPH 

In Table 2, a univariate analysis was performed to assess each in
dependent variable relationship to PPH in the nulliparous and multip
arous women’s groups. Maternal age, gravidity, ANC visits, the model of 
birth, types of pregnancy, birth weight, anemia, hepatopathy, blood clot 
formation disorder, platelet count < 50,000 µl, puerperal infection, pre- 
eclampsia/eclampsia, placenta previa, placenta abruption, soft birth 
canal avulsion, thrombophlebitis, hysterectomy, general anesthesia 
used before birth, magnesium sulfate before birth, erythrocyte suspen
sion transfusion before birth, and platelet transfusion were all signifi
cantly related to PPH in both nulliparous and multiparous women’s 
groups. However, education level, marital status, place of childbirth, 
gestational age, and systemic infection had significant relationship to 
PPH among only the nulliparous women. In contrast, gestational hy
pertension, HELLP syndrome, and amniotic fluid embolism were 
significantly related to PPH among only the multiparous women. 

3.4. Multivariate analysis on influencing factors of PPH 

Furthermore, forward stepwise logistic regression analysis was used 
to calculate the adjusted odds ratios (aORs) and 95 % confidence in
tervals for factors influencing PPH. Erythrocyte suspension transfusion 
before birth was the predominant influencing factor for PPH in the 
overall study cohort and within the subgroups of nulliparous and 
multiparous women. Other similar influencing factors of PPH in both 
nulliparous and multiparous women’s groups were low ANC (0–3) visits, 
anemia, soft-birth canal avulsion, Cesarean-section, placenta abruption, 

Table 1 
Sociodemographic and Obstetric Characteristics for Nulliparous and Multipa
rous Women in Hunan, China (2017–2018).  

Variables Total (%) Nulliparous Multiparous P-value  

144,845 
(100.0 %) 

60,686(41.9 
%) 

84,159(58.1 
%)  

Maternal age     0.040 
< 25 years 6912(4.8) 5481(9.0) 1431(1.7)  
25 – 29 years 30905 

(21.3) 
19486(32.1) 11419(13.6)  

30 – 34 years 65177 
(45.0) 

29086(47.9) 36091(42.9)  

≥ 35 years 41851 
(28.9) 

6633(10.9) 35218(41.8)  

Marital status     0.035 
Single/Divorced/ 

Widowed 
2134(1.5) 1427(2.4) 707(0.8)  

Married/Cohabiting 142711 
(98.5) 

59259(97.6) 83452(99.2)  

Educational status     0.003 
Primary/Illiteracy 1086(0.7) 343(0.6) 743(0.9)  
Secondary 92647 

(64.0) 
34983(57.6) 57664(68.5)  

Tertiary 51112 
(35.3) 

25360(41.8) 25752(30.6)  

Gravidity     < 0.001 
Nulligravida (O/ 

none) 
40593 
(28.0) 

40462(66.7) 131(0.2)  

Primigravida (1 
pregnancy) 

91931 
(63.5) 

19537(32.2) 72394(86.0)  

Multigravida (≥2 
pregnancies) 

12321(8.5) 687(1.1) 11634(13.8)  

Number of ANC 
visits     

< 0.001 

0–3 ANC visits 7697(5.3) 2165(3.6) 5532(6.6)  
4–9 ANC visits 94017 

(64.9) 
37902(62.5) 56115(66.7)  

≥ 10 ANC visits 43131 
(29.8) 

20619(34.0) 22512(26.7)  

Place of birth     0.002 
Provincial/Municipal 

hospital 
69994 
(48.3) 

34416(56.7) 35578(42.3)  

County-level hospital 74851 
(51.7) 

26270(43.3) 48581(57.7)  

Mode of Childbirth     < 0.001 
Normal vaginal 

birth/SVD 
80686 
(55.7) 

37747(62.2) 42939(51.0)  

Cesarean section 60226 
(41.6) 

21608(35.6) 38618(45.9)  

Instrumental/ 
Assisted childbirth 

3933(2.7) 1331(2.2) 2602(3.1)  

ANC: Antenatal Care, SVD: Spontaneous Vaginal Delivery. 
Significant at P < 0.05. 

Fig. 1. Incidence of Postpartum Hemorrhage in Nulliparous and Multiparous 
Women in Hunan, China (2017–2018). 
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general anesthesia administration before birth, low birth weight 
(<2500 g), and hysterectomy. However, low ANC (0–3) visits [aOR 2.90 
(1.65–5.08), p ≤ 0.001], anemia [aOR 8.41(7.34–9.64), p ≤ 0.001], soft 
birth canal avulsion [aOR 4.01(3.11–5.16), p ≤ 0.001], and erythrocyte 
suspension transfusion before childbirth [aOR 48.67(36.43–65.04), p ≤
0.001] had increased odds for PPH among the nulliparous women 
compared to the multiparous women, while Cesarean section [aOR 5.81 
(4.63–7.27), p ≤ 0.001], placenta abruption [aOR 3.62(2.31–5.66), p ≤
0.001], and general anesthesia administration before birth [aOR 1.63 

(1.33–2.01), p ≤ 0.001] had increased odds for PPH among the 
multiparous than in the nulliparous women. Additionally, thrombo
phlebitis [aOR 18.46 (1.67–20.31), p < 0.05] was associated with PPH 
among only the nulliparous women, while instrument-assisted birth 
[aOR 1.95(1.16–3.28), p < 0.05] and gestational hypertension [aOR 
1.57(1.13–2.19), p < 0.005] were associated with PPH among only the 
multiparous women (Table 3). 

Table 2 
Univariate Analysis Comparing Factors Significantly Associated with Postpartum Hemorrhage between Nulliparous and Multiparous Women in Hunan, China 
(2017–2018).  

Variables Total Nulliparous (n = 60,686) Multiparous (n = 84,159)  

n (%) PPH No PPH P-value PPH No PPH P-value 

Maternal age    < 0.001    0.016 
< 25 years 6912(4.8) 111(8.8) 5370(9.0)  35(2.4) 1396(1.7)  
25 – 29 years 30905(21.3) 359(28.5) 19127(32.2)  191(13.0) 11228(13.6)  
30 – 34 years 65177(45.0) 604(48.0) 28482(47.9)  585(39.9) 35506(42.9)  
≥ 35 years 41851(28.9) 185(14.7) 6448(10.9)  654(44.6) 34564(41.8)  
Marital status    0.006    0.214 
Single/Divorced/Widowed 2134(1.5) 15(1.2) 1412(2.4)  8(0.5) 699(0.8)  
Married/Cohabiting 142711(98.5) 1244(98.8) 58015(97.6)  1457(99.5) 81995(99.2)  
Educational status    0.004    0.700 
Primary/Illiteracy 1086(0.7) 5(0.4) 338(0.6)  13(0.9) 730(0.9)  
Secondary 92647(64.0) 671(53.3) 34312(57.7)  989(67.5) 56675(68.5)  
Tertiary 51112(35.3) 583(46.3) 24777(41.7)  463(31.6) 25289(30.6)  
Gravidity    0.001    < 0.001 
Nulligravida (O/none) 40593(28.0) 782(62.1) 39680(66.8)  3(0.2) 128(0.2)  
Primigravida (1 pregnancy) 91931(63.5) 456(36.2) 19081(32.1)  1177(80.3) 71217(86.1)  
Multigravida (≥2 pregnancies) 12321(8.5) 21(1.7) 666(1.1)  285(19.5) 11349(13.7)  
Number of ANC visits    < 0.001    < 0.001 
0–3 ANC visits 7697(5.3) 17(1.4) 2148(3.6)  61(4.2) 5471(6.6)  
4–9 ANC visits 94017(64.9) 801(63.6) 37101(62.4)  1037(70.8) 55078(66.6)  
≥ 10 ANC visits 43131(29.8) 441(35.0) 20178(34.0)  367(25.1) 22145(26.8)  
Place of birth    <0.001    0.986 
Provincial/Municipal hospital 69994(48.3) 778(61.8) 33638(56.6)  619(42.3) 34959(42.3)  
County-level hospital 74851(51.7) 481(38.2) 25789(43.4)  846(57.7) 47735(57.7)  
Mode of Childbirth    <0.001    < 0.001 
Normal Vaginal delivery/SVD 80686(55.7) 950(75.5) 36797(61.9)  946(64.6) 41993(50.8)  
Cesarean section 60226(41.6) 292(23.2) 21316(35.9)  489(33.4) 38129(46.1)  
Instrumental/Assisted delivery 3933(2.7) 17(1.4) 1314(2.2)  30(2.0) 2572(3.1)  
Gestational age (Weeks)    0.041    0.333 
Term (37–41 weeks) 131155(90.5) 1169(92.9) 54168(91.2)  1303(88.9) 74515(90.1  
Preterm (<37 weeks) 13513(9.3) 87(6.9) 5186(8.7)  160(10.9) 8080(9.8)  
Post-term (≥42 weeks) 177(0.1) 3(0.2) 73(0.1)  2(0.1) 99(0.1)  
Type of pregnancy    <0.001    < 0.001 
Singleton fetus Pregnancy 141752(97.9) 1188(94.4) 57606(96.9)  1410(96.2) 81548(98.6)  
Multiple fetus Preg. (≥2) 3093(2.1) 71(5.6) 1821(3.1)  55(3.8) 1146(1.4)  
Birth weight    <0.001    < 0.001 
Normal birth weight (2500-3999 g) 126041(87.0) 1071(85.1) 52222(87.9)  1172(80.0) 71576(86.6)  
Low birth weight (<2500 g) 11133(7.7) 68(5.4) 4662(7.8)  116(7.9) 6287(7.6)  
Large birth weight (≥4000 g) 7671(5.3) 120(9.5) 2543(4.3)  177(12.1) 4831(5.8)  
Anemia 40717(28.1) 954(75.8) 15274(25.7) < 0.001 1097(74.9) 23392(28.3)  < 0.001 
Diabetes 15709(10.8) 151(12.0) 6144(10.3) 0.057 174(11.9) 9240(11.2)  0.397 
Hepatopathy 3110(2.1) 38(3.0) 1092(1.8) 0.002 49(3.3) 1931(2.3)  0.011 
Gestational hypertension 2987(2.1) 33(2.6) 1381(2.3) 0.489 47(3.2) 1526(1.8)  < 0.001 
Blood clot formation disorder 51(0.0) 5(0.4) 11(0.0) < 0.001 16(1.1) 19(0.0)  < 0.001 
Low Platelet count < 50,000 µl 42(0.0) 3(0.2) 15(0.0) < 0.001 6(0.4) 18(0.0)  < 0.001 
Systemic infection/Sepsis 2123(1.5) 29(2.3) 898(1.5) 0.023 16(1.1) 1180(1.4)  0.283 
HELLP Syndrome 45(0.0) 1(0.1) 14(0.0) 0.212 2(0.1) 28(0.0)  0.039 
Puerperal infection 108(0.1 5(0.4) 57(0.1) 0.001 3(0.2) 43(0.1)  0.013 
Preeclampsia/Eclampsia 3326(2.3) 50(4.0) 1540(2.6) 0.002 57(3.9) 1679(2.0)  < 0.001 
Placenta previa 1652(1.1) 18(1.4) 431(0.7) 0.004 86(5.9) 1117(1.4)  <0.001 
Placenta abruption 589(0.4) 13(1.0) 223(0.4) < 0.001 38(2.6) 315(0.4)  < 0.001 
Soft birth canal avulsion 2171(1.5) 95(7.5) 1071(1.8) < 0.001 71(4.8) 934(1.1)  < 0.001 
Amniotic fluid embolism 5(0.0) 0(0.0) 1(0.0) 0.884 1(0.1) 3(0.0)  < 0.001 
Thrombophlebitis 12(0.0) 2(0.2) 4(0.0) < 0.001 1(0.1) 5(0.0)  0.005 
Hysterectomy 2265(1.6) 40(3.2) 826(1.4) < 0.001 44(3.0) 1355(1.6)  < 0.001 
General anesthesia used before childbirth 68032(47.0) 471(37.4) 25944(43.7) < 0.001 615(42.0) 41002(49.6)  < 0.001 
Magnesium sulfate used before childbirth 2029(1.4) 30(2.4) 921(1.5) 0.019 42(2.9) 1036(1.3)  < 0.001 
Erythrocyte suspension transfusion before childbirth 1027(0.7) 184(14.6) 144(0.2) < 0.001 298(20.3) 401(0.5)  < 0.001 
Platelet transfusion 69(0.0) 8(0.6) 20(0.0) < 0.001 10(0.7) 31(0.0)  < 0.001 

ANC: Antenatal Care, Preg.: Pregnancy, SVD: Spontaneous Vaginal Delivery. 
Significance at P < 0.0. 
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3.5. Predictive performance 

The ROC curve reflected the model’s predictive performance using a 
single factor and combined influencing factors for PPH in the overall 
study cohort and within the nulliparous and multiparous subgroups 
(Appendix Tables A.1 to A.4). In the predictive model for the overall 
study cohort and within the subgroups, anemia and erythrocyte sus
pension transfusion before birth were two variables that had the highest 
AUC from the single factor analysis. The performance of the single-factor 
analysis was relatively unsatisfactory, with an AUC ranging from 0.50 to 
0.75. However, from the combined factors analysis, the AUC for the 
overall study cohort 0.829(0.821–0.838), p < 0.001], the nulliparous 
group [0.828(0.815–0.844), p < 0.001], and the multiparous group 
[0.833(0.822–0.844), p < 0.001] were all satisfactory (Fig. 2a., Fig. 2b., 
Fig. 2c.A–C). 

Table 3 
Multivariate Logistic Regression Analysis Comparing Influencing Factors of 
Postpartum Hemorrhage between Nulliparous and Multiparous Women in 
Hunan, China (2017–2018).  

Variables Nulliparous (n = 60,686) Multiparous (n = 84,159)  

aOR 95 % CI aOR 95 % CI 

Number of ANC visits     
0–3 ANC visits 2.90 (1.65–5.08)*** 1.85 (1.35–2.53)*** 
4–9 ANC visits 0.86 (0.76–0.99) 0.84 (0.74–0.96) 
≥10 ANC visits (Ref.) 1 

(ref.) 
1(ref.) 1 

(ref.) 
1(ref.) 

Mode of Childbirth     
Normal vaginal birth/ 

SVD(Ref.) 
1(ref) 1(ref.) 1 

(ref.) 
1(ref.) 

Cesarean section birth 5.02 (4.03–6.26)*** 5.81 (4.63–7.27)*** 
Instrument-assisted 

birth 
1.49 (0.82–2.73) 1.95 (1.16–3.28)* 

Gestational age 
(weeks)     

Term (37–41 weeks) 
(Ref.) 

1 
(ref.) 

1(ref.) – – 

Preterm (<37 weeks) 1.42 (0.99–2.02) – – 
Post-term (≥42 weeks) 0.28 (0.08–0 0.95)* – – 
Birth weight     
Normal birth weight 

(2500-3999 g) (Ref.) 
1 
(ref.) 

1(ref.) 1 
(ref.) 

1(ref.) 

Low birth weight 
(<2500 g) 

2.08 (1.39–3.11)*** 2.09 (1.6–2.72)*** 

Large birth weight 
(≥4000 g) 

0.34 (0.28–0.43)*** 0.44 (0.367––0.52) 
*** 

Anemia     
Yes 8.41 (7.34–9.64)*** 6.78 (5.98–7.69)*** 
No (Ref.) 1 

(ref.) 
1(ref.) 1 

(ref.) 
1(ref.) 

Gestational 
hypertension     

Yes – – 1.57 (1.13–––2.19)** 
No (Ref.) – – 1 

(ref.) 
1(ref.) 

Placenta abruption     
Yes 2.93 (1.46–––5.84)** 3.62 (2.31–––5.66) 

*** 
No (Ref.) 1 

(ref.) 
1(ref.) 1 

(ref.) 
1(ref.) 

Soft birth canal 
avulsion     

Yes 4.01 (3.11–––5.16) 
*** 

3.66 (2.77–––4.82) 
*** 

No (Ref.) 1 
(ref.) 

1(ref.) 1 
(ref.) 

1(ref.) 

Thrombophlebitis     
Yes 18.46 (1.67–––20.31)* – – 
No (Ref.) 1 

(ref.) 
1(ref.) – – 

Hysterectomy     
Yes 2.50 (1.67–––3.75) 

*** 
2.59 (1.73–––3.89) 

*** 
No (ref.) 1 

(ref.) 
1(ref.) 1 

(ref.) 
1(ref.) 

General anesthesia 
used before birth     

Yes 1.42 (1.19–––1.69) 
*** 

1.63 (1.33–––2.01) 
*** 

No (Ref.) 1 
(ref.) 

1(ref.) 1 
(ref.) 

1(ref.) 

Erythrocyte 
suspension 
transfusion before 
birth     

Yes 48.67 (36.43–––65.04) 
*** 

46.58 (37.72–––57.54) 
*** 

No (Ref.) 1 
(ref.) 

1(ref.) 1 
(ref.) 

1(ref.) 

ANC: Antenatal Care, SVD: Spontaneous Vaginal Delivery, Ref: Reference cate
gory. From Anemia to erythrocyte suspension transfusion before birth, each 
variable is categorized as “Yes and No,” and “No” is the reference. Adjusted for 
maternal sociodemographic and obstetric characteristics (maternal age, marital 

status, educational status, and gravidity). *** =P ≤ 0.001, **=P ≤ 0.005, *=P <
0.05. 

Fig. 2a. Receiver Operating Characteristic Curve for Predictive Performance of 
Combined Influencing Factors of Postpartum Hemorrhage among Nulliparous 
Women in Hunan, China (2017–2018). 

Fig. 2b. Receiver Operating Characteristic Curve for Predictive Performance of 
Combined Influencing Factors of Postpartum Hemorrhage among Multiparous 
Women in Hunan, China (2017–2018). 
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4. Discussion 

4.1. PPH incidence 

The study assessed the differences in PPH incidence and influencing 
factors among nulliparous and multiparous women. Multiparous women 
had a lower PPH incidence of 1.7 % compared to 2.1 % PPH incidence 
among the nulliparous women. Although there are a few studies 
reporting PPH incidence among nulliparous women, no study has spe
cifically assessed the incidence of PPH among multiparous women. So, 
compared to the few nulliparous studies (Bais et al., 2004; Govindap
pagari et al., 2020) on PPH, the incidence of PPH among nulliparous 
women in our study is much lower, which is probably because China 
recently launched a comprehensive health reform system that focuses on 
expanding primary care capacity, extending and improving obstetric 
emergency care, and delivering vital public health services to everyone 
(Meng et al., 2019). Furthermore, compared to multiparous women, the 
higher incidence of PPH among nulliparous women in our study can 
partly be explained by the fact that nulliparous women lack previous 
pregnancy and birthing experiences, have lower awareness about the 
importance of attending regular prenatal assessments, and have little 
knowledge about proper nutritional diet and exercise, which can influ
ence the occurrence of PPH. So, healthcare professionals are encouraged 
to frequently conduct pregnancy-related health education for all women 
of childbearing age, with particular attention to nulliparous women, for 
the prevention of pregnancy complications such as PPH. 

4.2. Influencing factor of PPH 

Our study identified some similar and a few different factors influ
encing PPH in the nulliparous and multiparous women’s groups. Low 
ANC (0–3) visits had an increased risk for PPH in the nulliparous women 
than multiparous women. The lower risk for PPH associated with ANC 

visits among the multiparous women can be explained by previous 
pregnancy and birthing experiences. Because multiparous women have 
prior pregnancy experience, they are more likely to follow antenatal 
healthcare education than nulliparous women (WHO recommended 
interventions for improving maternal and newborn health. Geneva: 
World Health Organization Department of Making Pregnancy Safer;, 
2009; WHO recommendations on antenatal care for a positive preg
nancy experience. Geneva, Switzerland: World Health Organization;, 
2016), which decrease their risk of PPH. Inconsistent with a previous 
study’s (Imai, 2020) finding, our study found that anemia and soft birth 
canal avulsion have an increased odds for PPH in nulliparous women 
than in multiparous women. It can partly be explained that because 
nulliparous women have never been pregnant or have never given birth 
before, they are more likely to have poor nutritional, iron, and folate 
supplementation habits, which leads to anemia. Anemia in pregnancy 
can lead to reduced blood volume and impaired coagulation function, 
which increases the risk of bleeding after birth. Considering the influ
ence of anemia on PPH, it’s crucial to provide health education and 
support for preventing and controlling anemia in all women’s groups. 
Also, the increased risk of PPH due to soft birth canal avulsion among 
nulliparous women is because the levator ani muscle (which determines 
the size and shape of the birth canal) often gets extensively stretched 
during vaginal delivery, causing an increased risk of unnoticed soft birth 
canal trauma, mostly in nulliparous women due to the first birthing 
experience, which increases the risk of PPH (Dietz, 2013). During labor 
and delivery, clinicians should be more vigilant in detecting soft birth 
canal trauma for prompt intervention. 

Furthermore, erythrocyte suspension transfusion before birth was 
identified as the predominant influencing factor of PPH in both nullip
arous and multiparous women’s groups, for the first time. Erythrocyte 
suspension transfusion before birth was performed due to severe 
maternal anemia (hemoglobin concentration less than 7 g/dL in preg
nancy) and profuse intrapartum bleeding as a result of maternal com
plications, including placenta previa and abruption. A total of 267 (16.2 
%) placenta previa (malposition) and 57 (9.7 %) placenta abruptions 
were included in the group of erythrocyte suspension transfusions before 
birth (see appendix Table A.5). Hemoglobin is essential for carrying 
oxygen and nutrients in the blood, and its deficiency can lead to serious 
health problems for both the mother and the fetus. Accordingly, severe 
maternal anemia and placenta abnormalities can increase the risks of 
fetus’s growth restriction, stillbirth, preterm birth, low birth weight, 
PPH, higher blood transfusion rate, and maternal-neonatal mortality 
(Shi et al., 2022;5(2):e2147046.; Downes et al., 2017; Jing et al., 2018). 
Our finding highlights the critical importance of addressing severe 
maternal anemia and placental abnormalities early during pregnancy to 
prevent serious health risks to both the mother and the fetus. Consistent 
with a previous study (Xu et al., 2021), our study found that cesarean 
section and placenta abruption are associated with an increased risk of 
PPH among multiparous women than in nulliparous women. It is partly 
because multiparous women are often of advanced age (≥35 years). 
With advanced age and multiparity, the uterus becomes weaker, con
tracts poorly after birth, and takes longer to heal, increasing PPH risk 
(Sauer, 2015). Also, because of their older age, multiparous women are 
at increased risk for placenta abruption, which is most likely associated 
with decreased uterine blood flow, uteroplacental hypoperfusion, and 
placental infarctions leading to PPH (Martinelli et al., 2018; Ananth 
et al., 1996). Interestingly, our study found that general anesthesia 
administration before birth has higher odds of PPH among multiparous 
women than nulliparous women. Our finding is supported by existing 
research (Magann et al., 2005; Chang et al., 2011; Butwick et al., 2014) 
reports that general anesthesia administration before delivery can in
crease the risk of PPH. It is partly because general anesthetics can slow 
postpartum myometrium contraction, increasing PPH risk (Yoo et al., 
2006). The effect is more pronounced in multiparous women, who are 
often older, than in nulliparous women. It is probably because, with 
advancement in maternal age, the uterus of women becomes looser over 

Fig. 2c. Receiver Operating Characteristic Curve for Predictive Performance of 
Combined Influencing Factors of Postpartum Hemorrhage among both Nullip
arous and Multiparous women in Hunan, China (2017–2018). 

Table A1 
Adjusted OR and AUC with 95 % CI in the Predictive Model for Combined 
Influencing Factors of PPH among Pregnant Women in Hunan, China, during 
2017–2018 (n = 144,845).  

Group AUC 95 % Confidence Interval P-value   

Lower Upper  

Overall study cohort  0.829  0.821  0.838  <0.001 
Nulliparous group  0.828  0.815  0.840  <0.001 
Multiparous group  0.833  0.822  0.844  <0.001 

AUC: Area under the curve, OR: Odd ratio, PPH: Postpartum hemorrhage. 
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time, decreasing its postpartum contractility potential, which increases 
the risk of PPH (Sauer, 2015; Martinelli et al., 2018; Ananth et al., 
1996). Thrombophlebitis was associated with an increased risk of PPH 
among the nulliparous women but had no association with PPH among 
the multiparous women. This is the first study reporting thrombophle
bitis as an influencing factor for PPH in nulliparous women. For preg
nant women with thrombophlebitis, including deep vein thrombosis 
(DVT), heparin (such as unfractionated heparin (UFH) and low molec
ular weight heparin (LMWH)) is used for both treatment and prevention 
of clot progression to reduce the risk of pulmonary embolism (Bates 
et al., 2016). However, anticoagulants used in pregnancy can increase 
the risk of PPH due to their blood-thinning effects, inhibiting thrombus 
and clot formation (Sirico et al., 2019). Also, though infrequent, 
thrombophlebitis can increase the risk of PPH due to a few inter
connected physiological mechanisms. First, disruption of the normal 
blood flow through veins due to thrombophlebitis can damage the walls 
of the veins, especially in cases like septic pelvic thrombophlebitis, 
increasing the risk of PPH (Shi et al., 2021). Secondly, during pregnancy 
and postpartum, women’s blood is in a hypercoagulable state. This hy
percoagulability is protective against excessive bleeding but can in
crease the risk of thrombophlebitis and complications like diffuse 
intravascular coagulation, which can increase the risk of PPH (Li et al., 
2023). Therefore, it is crucial to closely monitor pregnant women with 
thrombophlebitis, including DVT, to early identify and treat any 

complications that may arise as a result of thrombophlebitis or antico
agulant use. Instrument-assisted birth and gestational hypertension 
were associated with increased odds of PPH among the multiparous 
women but had no association with PPH among the nulliparous women. 
Our finding can partly be explained by the fact that multiparous women 
are often older, and with older maternal age comes an increased risk of 
pregnancy complications such as high blood pressure and abnormal 
fetus size, leading to instrument-assisted birth that increases the risk of 
PPH (Behrens et al., 2017). Inconsistent with a previous study (Sosa 
et al., 2009), our study revealed that low birth weight (<2500 g) and 
hysterectomy are influencing factors that have nearly similar odds of 
PPH in nulliparous and multiparous women. These findings require 
further research to understand the mechanisms by which low birth 
weight and hysterectomy can increase the risk of PPH. 

4.3. Risk assessment tools 

Risk assessment tools are available to help identify 60–85 % of 
women who will experience obstetric hemorrhage (Dilla et al., 2013). 
The ROC curve was used to evaluate the model’s accuracy in this study. 
Single-factor and combined-factor analyses were used to measure how 
well the model fit. During the single-factor analysis, each identified PPH 
influencing factor was paired against PPH in the prediction model in the 
overall study cohort and within the nulliparous and multiparous 

Table A2 
Adjusted OR and AUC with 95 % CI in the Predictive Model for Influencing Factors of PPH among Pregnant Nulliparous and Multiparous Women in Hunan, China, 
during 2017–2018 (n = 144,845).  

Variable Multivariate logistic regression analysis Single factor analysis in predictive model  

AOR 95 % CIs P-value AUC 95 % CIs P-value 

Number of ANC     0.502 0.481–––0.503  0.150 
0–3 ANC visits  2.15 1.63–––2.83  ≤0.001    
4–9 ANC visits  0.85 0.77–––0.93  ≤0.001    
≥ 10 ANC visits (Ref.)  Ref.     
Mode of Childbirth     0.571 0.561–––0.581  ≤0.001 
Normal vaginal birth/SVD(Ref.)  Ref.     
Cesarean section  7.82 6.86–––8.91  ≤0.001    
Instrumental/Assisted  1.87 1.26–––2.77  0.002    
Gestational age (in weeks)     0.501 0.490–––0.512  0.886 
Term (37–41 weeks) (Ref.)  Ref.     
Preterm (<37 weeks)  1.41 1.12–––1.76  0.003    
Post-term (≥42 weeks)  0.47 0.18–––1.20  0.110    
Birth weight     0.500 0.462–––0.505  ≤0.001 
Normal birth weight (2500-3999 g) (Ref.)  Ref.     
Low birth weight (<2500 g)  1.48 1.14–––1.92  0.003    
Large birth weight (≥4000 g)  0.41 0.36––0.47  ≤0.001    
Anemia     0.741 0.731–––0.750  ≤0.001 
Yes  7.02 6.39–––7.70  ≤0.001    
No (Ref.)  Ref.     
Gestational hypertension     0.504 0.493–––0.515  0.425 
Yes  1.49 1.16––1.91  0.002    
No (Ref.)  Ref.     
Placenta abruption     0.507 0.496–––0.519  0.181 
Yes  3.02 2.04–––4.47  ≤0.001    
No (Ref.)  Ref.     
Soft birth canal avulsion     0.523 0.512–––0.535  ≤0.001 
Yes  4.15 3.45–––4.99  ≤0.001    
No (Ref.)  Ref.     
Thrombophlebitis     0.501 0.490–––0.511  0.926 
Yes  11.96 1.81–––78.95  0.010    
No (Ref.)  Ref.     
Hysterectomy     0.508 0.497–––5.19  0.165 
Yes  2.87 2.16–––3.81  ≤0.001    
No (Ref.)  Ref.     
General anesthesia used before birth     0.511 0.500––0.522  0.050 
Yes  2.87 2.56–––3.22  ≤0.001    
No (Ref.)  Ref.     
Erythrocyte suspension transfusion before birth     0.604 0.592–––0.617  ≤0.001 
Yes  54.06 46.25–––63.19  ≤0.001    
No (Ref.)       

ANC: Antenatal Care, OR: Odd ratio, AUC: Area under the curve, CI: Confidence Interval, SVD: Spontaneous Vaginal Delivery, Ref.: Reference category, PPH: 
Postpartum Hemorrhage. 
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subgroups. From the single-factor analysis, the variables had a relatively 
unsatisfactory AUC between 0.5 and 0.7 (Appendix Tables A.2 to A.4). 
When combined-factors analysis was used for the whole study group and 
the two subgroups of nulliparous and multiparous women, the AUC was 
greater than 0.8 (Appendix Table A.1). The findings show that single 
influencing factor is a poor predictor of PPH compared to combined 
influencing factors. Therefore, more attention should be directed to all 
women with single or multiple influencing factors of PPH for prompt 
intervention because PPH may occur in women without even a single 
influencing factor. 

4.4. Strengths and limitation 

This study presents several strengths. First, it is the first to compare 
the incidence and factors influencing PPH between nulliparous and 
multiparous women, offering novel insights for PPH prevention. Second, 
its unique random sampling method minimized bias, while the large 
sample size enhanced the findings’ generalizability. Finally, the 
sequential modeling of many possible factors that affect PPH by strati
fication in both univariate and multivariate analyses increase the chance 
of finding new influencing factors of PPH. Also, our study has a few 
limitations. First, the limitations of a retrospective cohort design apply 
to this study. Lastly, due to data limitations, the study could not assess 
certain potential PPH-influencing factors, including assisted reproduc
tive technologies (ART) dietary and behavioral factors that could in
fluence the study conclusion. 

5. Conclusion 

The incidence of PPH was higher in nulliparous women than 
multiparous women, but influencing factors varied relatively by parity. 
The study findings provide new insights for the use of different ap
proaches to PPH prevention for nulliparous and multiparous women in 
clinical practice to ensure better maternal-child safety. 
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Table A3 
Adjusted OR and AUC with 95 % CI in the Predictive Model for Influencing Factors of PPH among Pregnant Nulliparous Women in Hunan, China, during 2017–2018 (n 
= 60686).  

Variable Multivariate logistic regression analysis Single factor analysis in predictive model  
AOR 95 % CIs P-value AUC 95 % CIs P-value 

Number of ANC     0.501 0.472–––0.504  0.136 
0–3 ANC visits  2.90 1.65–––5.08  ≤0.001    
4–9 ANC visits  0.86 0.76–––0.99  0.065    
≥ 10 ANC visits (Ref.)  Ref.     
Mode of Childbirth     0.567 0.552–––0.583  ≤0.001 
Normal vaginal birth/SVD(Ref.)  Ref.     
Cesarean section  5.02 4.03–––6.26  ≤0.001    
Instrumental/Assisted  1.49 0.82–––2.73  0.149    
Gestational age (in weeks)     0.508 0.492–––0.524  0.328 
Term (37–41 weeks) (Ref.)  Ref.     
Preterm (<37 weeks)  1.42 0.99–––2.02  0.104    
Post-term (≥42 weeks)  0.28 0.08–––0 0.95  0.046    
Birth weight     0.503 0.466–––0.507  0.039 
Normal birth weight (2500-3999 g) (Ref.)  Ref.     
Low birth weight (<2500 g)  2.08 1.39–––3.11  ≤0.001    
Large birth weight (≥4000 g)  0.34 0.28–––0.43  ≤0.001    
Anemia     0.751 0.737–––0.765  ≤0.001 
Yes  8.41 7.34–––9.64  ≤0.001    
No (Ref.)  Ref.     
Placenta abruption     0.503 0.487–––0.519  0.689 
Yes  2.93 1.46–––5.84  ≤0.002    
No (Ref.)  Ref.     
Soft birth canal avulsion     0.529 0.512–––0.546  ≤0.001 
Yes  4.01 3.11–––5.16  ≤0.001    
No (Ref.)  Ref.     
Thrombophlebitis     0.501 0.485–––0.517  0.926 
Yes  18.46 (1.67–––20.31)  0.011    
No (Ref.)  Ref.     
Hysterectomy     0.509 0.493–––0.525  0.277 
Yes  2.50 1.67–––3.75  ≤0.001    
No (Ref.)  Ref.     
General anesthesia used before birth     0.500 0.453–––0.505  ≤0.001 
Yes  1.42 1.19–––1.69  ≤0.001    
No (Ref.)  Ref.     
Erythrocyte suspension transfusion before birth     0.604 0.576–––0.612  ≤0.001 
Yes  48.67 36.43–––65.04  ≤0.001    
No (Ref.)  Ref.     

ANC: Antenatal Care, OR: Odd ratio, AUC: Area under the curve, CI: Confidence Interval, SVD: Spontaneous Vaginal Delivery, Ref: Reference category, PPH: 
Postpartum hemorrhage. 
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Table A4 
Adjusted OR and AUC with 95 % CI in the Predictive Model for Influencing Factors of PPH among Pregnant Multiparous Women in Hunan, China, during 2017–2018 
(n = 84,159).  

Variable Multivariate logistic regression analysis Single factor analysis in predictive model  

AOR 95 % CIs P-value AUC 95 % CIs P-value 

Number of ANC     0.509 0.485–––0.513  0.905 
0–3 ANC visits  1.85 1.35–––2.53  ≤0.001    
4–9 ANC visits  0.84 0.74–––0.96  0.068    
≥ 10 ANC visits (Ref.)  Ref.     
Mode of Childbirth     0.569 0.555–––0.584  ≤0.001 
Normal vaginal birth/SVD(Ref.)  Ref.     
Cesarean section  5.81 4.63–––7.27  ≤0.001    
Instrumental/Assisted  1.95 1.16–––3.28  0.041    
Birth weight     0.501 0.449–––0.508  ≤0.001 
Normal birth weight (2500-3999 g) (Ref.)  Ref.     
Low birth weight (<2500 g)  2.09 1.60–––2.72  ≤0.001    
Large birth weight (≥4000 g)  0.44 0.367––0.52  ≤0.001    
Anemia     0.733 0.720–––0.746  ≤0.001 
Yes  6.78 5.98–––7.69  ≤0.001    
No (Ref.)  Ref.     
Gestational hypertension     0.507 0.492–––0.522  0.370 
Yes  1.57 1.13–––2.19  0.003    
No (Ref.)  Ref.     
Placenta abruption     0.511 0.496–––0.526  0.146 
Yes  3.62 2.31–––5.66  ≤0.001    
No (Ref.)  Ref.     
Soft birth canal avulsion     0.519 0.503–––0.534  0.015 
Yes  3.66 2.77–––4.82  ≤0.001    
No (Ref.)  Ref.     
Hysterectomy     0.507 0.492–––0.522  0.370 
Yes  2.59 1.73–––3.89  ≤0.001    
No (Ref.)  Ref.     
General anesthesia used before birth     0.502 0.447–––0.507  ≤0.001 
Yes  1.63 1.33–––2.01  ≤0.001    
No (Ref.)  Ref.     
Erythrocyte suspension transfusion before birth     0.613 0.596–––0.630  ≤0.001 
Yes  46.58 37.72–––57.54  ≤0.001    
No (Ref.)  Ref.     

ANC: Antenatal Care, AOR: Adjusted odd ratio, AUC: Area under the curve, CI: Confidence Interval, SVD: Spontaneous Vaginal Delivery, Ref: Reference category, 
PPH: Postpartum Hemorrhage. 
‘ 

Table A5 
Incidence of Placental previa and abruption in the group of erythrocyte suspension transfusion before birth among Nulliparous and Multiparous women in Hunan, 
China, during 2017–2018 (n = 144845).  

Variable Total Nulliparous (n = 60686) Multiparous (n = 84,159)     

Erythrocyte suspension transfusion 
before birth 

P-value  Erythrocyte suspension transfusion 
before birth 

P-value   

n(%) Yes No  n(%) Yes No  

Placenta 
previa      

<0.001     <0.001 

Yes 1652(1.1) 449(0.7) 55(12.2) 394(87.8)  1203(1.4) 212(17.6) 991(82.4)  
No 143193(98.9) 60237(99.3) 273(0.5) 59964(99.5)  82956(98.6) 487(0.6) 82469(99.4)  
Placenta abruption      <0.001     <0.001 
Yes 589(0.4) 236(0.4) 10(4.2) 226(95.8)  353(0.4) 47(13.3) 306(86.7)  
No 144256(99.6) 60450(99.6) 318(0.5) 60132(99.5)  83806(99.6) 652(0.8) 83154(99.2)   
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