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Abstract 

Postpartum hemorrhage (PPH) is the leading cause of maternal mortality worldwide, which is often attributed to 

retained placenta (RP) after delivery. There are no biomarkers currently used to predict a risk of developing RP/PPH 

prior to labor. The objective of this study was to determine relationships between placental biomarkers measured in 

the first and second trimesters and proxy measures of postpartum blood loss relative to preeclampsia status in the 

Nulliparous Pregnancy Outcomes Study: Monitoring Mothers-to-Be (nuMoM2b) dataset. 2,192 participants had 

placental analytes drawn during the first and second trimesters (9-13 and 16-22 weeks gestation, respectively); the 

outcome was a composite of retained placenta and/or PPH requiring blood transfusion (RP/PPH). Using Kruskal-

Wallis tests, median differences in levels of soluble fms-like tyrosine kinase-1 (sFlt-1), placental growth factor 

(PlGF), sFlt-1/PlGF ratio, soluble endoglin (sEng), beta subunit of human chorionic gonadotropin (β-hCG), inhibin 

A (INHA), and pregnancy-associated protein-A (PAPP-A) were assessed between women with (n=67) and without 

(n=2125) RP/PPH overall and stratified by preeclampsia status. Women with RP/PPH had significantly higher 

median levels of sEng, β-hCG, INHA, PAPP-A in the second trimester and sFlt-1was higher in both first and second 

trimesters, which was observed again when stratifying by preeclampsia status. Our findings indicate that biomarkers 

associated with angiogenesis, particularly when measured in the second trimester, are important targets for further 

study of RP and/or PPH pathophysiology and potential risk screening development. 
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Introduction 

Postpartum hemorrhage (PPH), currently defined by the World Health Organization as blood loss >500 mL 

for vaginal births and >1000 mL for cesarean births within the first 24 hours [1, 2], is the leading cause of maternal 

mortality worldwide, accounting for nearly a third of maternal deaths [3, 4]. The rate of PPH in the United States is 

approximately ~3%, affecting ~200,000 women every year, and rates have been rising for the last 30 years [5], [6] 

largely due to increased use of labor induction and previous cesarean birth [7]. Only about 10-40% of eventual PPH 

cases are predicted by current clinical risk-assessment tools [8-10]. Estimates suggest as many as 54-93% of deaths 

due to postpartum hemorrhage could be prevented [11]. Many PPH prognostic models have been proposed but none 

are ready for clinical application [12]. A novel way of thinking about PPH is necessary to discover pathways to early 

detection, treatment, and primary prevention. There are no biomarkers currently used to predict a risk of developing 

PPH prior to labor [13], largely because PPH, unlike preeclampsia, has not been considered as a disorder with roots 

in early pregnancy. In contrast, much progress has been made in the use of placental biomarkers for early detection 

of preeclampsia risk, due to a focus on earlier stages of placental development, particularly angiogenesis. 

Several angiogenic biomarkers produced by the placenta have been identified as predictors of preeclampsia 

risk. Preeclampsia is a hypertensive disorder of pregnancy largely viewed as the consequence of impaired 

angiogenic and maternal endothelial dysfunction. Placental growth factor (PlGF) and soluble fms-like tyrosine 

kinase-1 (sFlt-1) are two trophoblast-derived molecules which play an important role in placentation and outcomes 

related to invasiveness and remodeling. For example, PlGF is a placenta-specific member of the vascular endothelial 

growth factor (VEGF) family involved in both vasculogenesis and angiogenesis [14]; PlGF rises during pregnancy, 

peaking around 26-30 weeks gestation and decreasing toward term [15]. sFlt-1 has antiangiogenic properties and is 

important in the regulation of blood vessel formation in diverse tissues, including the uterus and placenta [16, 17]. 

sFlt-1 binds the pro-angiogenic factors VEGF and PlGF. sFlt-1 disrupts endothelial function during the remodeling 

of the uterine vessels [18]. The role of sFlt-1 and PlGF in the etiology of preeclampsia and their diagnostic value 

have been extensively studied and validated [19-22]. For example, an sFlt-1/PlGF ratio >85 at 20-33 weeks 

gestation was strongly associated with developing preeclampsia [23]. Other placental biomarkers associated either 

directly or indirectly with angiogenic processes have been found to predict preeclampsia. Soluble endoglin (sEng) is 

also an anti-angiogenic biomarker that behaves in a manner similar to sFlt-1 [24]. Increased sEng in the second 

trimester is associated with increased preeclampsia risk [25, 26]. Pregnancy-associated protein-A (PAPP-A) is a 
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metalloproteinase that activates insulin-like growth factors (IGFs)[27]. Reduced PAPP-A in the first trimester, but 

increased in the second trimester is associated with preeclampsia [28, 29]  [25, 26, 28]. Inhibin A (INHA) is a 

glycoprotein produced by the placenta. INHA is involved in regulation of implantation and trophoblast proliferation; 

elevated second trimester INHA is associated with preeclampsia risk [30]. The beta subunit of human chorionic 

gonadotropin (β-hCG) has many functions in pregnancy but plays a role in angiogenesis through stimulation of 

sprout formation [31]; elevated second trimester β-hCG has been found to be associated with preeclampsia [32, 33] 

though a recent meta-analysis indicates the evidence is not yet strong [34]. 

It has been suggested that like preeclampsia, PPH might also be a consequence of abnormal placental 

development and angiogenesis [13, 35, 36], particularly because PPH is often associated with retained placenta. 

However, to date, there has not been robust systematic study of placental biomarkers related specifically to 

postpartum bleeding outcomes or delayed placental delivery. The objective of this study was to determine 

relationships between placental biomarkers measured in the first and second trimesters and proxy measures of 

postpartum blood loss publicly available in the Nulliparous Pregnancy Outcomes Study: Monitoring Mothers-to-Be 

(NuMoM2b) dataset.  

 

Methods 

The analytic sample is derived from the NuMoM2b dataset, which consisted of 10,038 nulliparous 

participants with singleton pregnancies who gave birth in hospitals across the United States between 2010-2015 [37, 

38]. NuMoM2b was a prospective cohort study; complete clinical data during pregnancy, labor, and birth were 

collected, as were biospecimens, including maternal serum for biomarker assays, the results of which are publicly 

available via the National Institute of Child Health and Human Development (NICHD) Data and Specimen Hub 

(DASH) [38]. For NuMom2B participants for whom there were placental biomarker results, the analysis was first 

limited to participants with at least five 0.5 ml aliquots of maternal serum available during Visits 1 (first trimester, at 

6-14 weeks gestation) and 2 (second trimester, 16-22 weeks gestation). The second restriction was to only include 

participants who delivered at or after 20 weeks gestation and had pregnancy outcome data available. Finally, 

participants with one or more of the following adverse pregnancy outcomes were selected: 1) delivery prior to 37 

weeks gestation; 2) pregnancy complicated by preeclampsia or eclampsia; 3) newborn birth weight considered small 

for gestation age (<5th percentile); and 4) stillborn birth. A total of 2,419 participants were ultimately selected for 
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placental biomarker analysis: 1,509 who met the restrictions and 910 without any of these conditions as controls. A 

total of 1,389 cases and 851 controls agreed to release their data for research purposes. We then excluded 48 

participants with fetal congenital anomalies, yielding a final sample of 2,192 participants. Because neither blood loss 

quantity nor general PPH diagnosis were recorded in the original data, we constructed a composite PPH outcome of 

“retained placenta” and/or “hemorrhage requiring blood transfusion” (RP/PPH) as a proxy for the likelihood of 

greater blood loss. We examined the absolute difference in sFlt-1, PlGF, sFlt-1/PlGF ratio, endoglin, and hCG levels 

between participants who had RP/PPH and those who did not at both timepoints. We then examined differences in 

biomarker levels based on whether participants in either group were also diagnosed with preeclampsia. Differences 

in biomarkers between groups were determined using a Kruskal-Wallis tests of median differences, which is robust 

to assumptions of normality. To boost rigor of the analytic approach and due to the exploratory nature of the 

biomarker comparisons, we used a p-value of 0.004 to determine statistical significance to account for multiple 

comparisons using a Bonferroni correction. 

 

Results 

The demographic variables and pregnancy/labor/birth outcomes of the sample are described in Tables 1 and 

2, respectively. Of the 2,192 participants in this sample, 67 experienced RP/PPH (3.1%) and 2,125 did not (96.9%); 

women with and without RP/PPH did not differ in any demographic variables (Table 1). Preeclampsia was 

diagnosed in 572 of the total participants (26.1%); participants with RP/PPH were significantly more likely to have 

preeclampsia (Table 2). Cesarean birth and instrumental delivery were also more common in the RP/PPH group. 

 

Table 1: Sociodemographic Characteristics for NuMom2B Participants with Placental Analyte Results, by retained 
placenta/hemorrhage status (χ2& two-tailed t-test) 

 Total 
N=2192(100%) 

No RP/PPH 
N=2125 (96.9%) 

RP/PPH 
N=67 (3.1%) p-value 

Maternal Age, years, mean (SD) 26.7 (5.8) 26.6 (5.8) 27.5 (6.4) 0.220 
Income as Percentage of Federal 
Poverty Line, mean (SD)  412.9 (307.4) 412.4 (307.1) 418.5 (315.8) 0.887 
Race/Ethnicity, n(%)     
  Non-Hispanic White 1,249 (57.0%) 1,211 (57.0%) 38 (56.7%) 0.902 
  Non-Hispanic Black 366 (16.7%) 351 (16.5%) 15 (22.4%)  
  Hispanic  380 (17.3%) 371 (17.5%) 9 (13.4%)  
  American Indian 2 (0.1%) 2 (0.1%) 0 (0.0%)  
  Asian 70 (3.2%) 69 (3.2%) 1 (1.5%)  
  Native Hawaiian 8 (0.4%) 8 (0.4%) 0 (0.0%)  
  Other 11 (0.5%) 11 (0.5%) 0 (0.0%)  
  Multiracial 105 (4.8%) 101 (4.8%) 4 (6.0%)  
  Missing  1 (0.0%) 1 (0.0%) 0 (0.0%)  
State Insurance, n(%)     
  No 1,362 (62.2%) 1,322 (62.3%) 41 (61.2%) 0.866 
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  Yes 829 (37.8%) 803 (37.7%) 26 (38.8%)  

Abbreviations: RP/PPH, retained placenta and/or postpartum hemorrhage requiring blood transfusion 
Table 2: Pregnancy, Labor and Birth Outcomes for NuMom2B Participants with Placental Analyte Results, by 
retained placenta/hemorrhage status (χ2 & two-tailed t-test) 

 Total 
N=2192 (100%) 

No RP/PPH 
N=2125 (96.9%) 

RP/PPH 
N=67 (3.1%) p-value 

Diabetes      
Pre-gestational diabetes 63 (2.9%) 60 (2.8%) 3 (4.5%) 0.522 

  Gestational Diabetes 117 (5.3%) 112 (5.3%) 5 (7.5%)  
  No diabetes diagnosis 2,010 (91.8%) 1,949 (91.9%) 59 (88.1%)  
Preeclampsia  572 (26.2%) 545 (25.7%) 27 (40.3%) 0.008 
Preterm birth 644 (30.3) 663 (30.2) 19 (28.4) 0.733 
Weeks of gestation, mean (SD) 37.8 (3.1) 37.9 (3.1) 37.5 (4.2) 0.372 
Labor onset to birth (days), mean (SD) 2.0 (17.9) 2.0 (18.2) 0.8 (0.5) 0.755 
Type of Labor      
  Spontaneous, not augmented 376 (17.2%) 368 (17.4%) 8 (11.9%) 0.098 
  Spontaneous, augmented 746 (34.2%) 729 (34.5%) 17 (25.4%)  
  Induced 881 (40.4%) 848 (40.1%) 33 (49.3%)  
  Cesarean without labor or induction 180 (8.2%) 171 (8.1%) 9 (13.4%)  
Cesarean Birth (With/Without Labor) 730 (33.4%) 697 (32.9%) 33 (49.3%) 0.005 
Forceps or Vacuum Delivery 164 (7.5%) 154 (7.3%) 10 (14.9%) 0.019 
Perineal laceration 1,109 (55.2%) 1,082 (55.5%) 27 (46.6%) 0.177 
Newborn birthweight (lbs), mean (SD) 6.4 (1.7) 6.4 (1.6) 6.3 (2.1) 0.508 
Newborn Sex     
  Male 1,088 (51.9%) 1,052 (51.8%) 36 (56.2%) 0.514 
  Female 1,007 (48.0%) 979 (48.2%) 28 (43.8%)  
  Ambiguous 1 (0.0%) 1 (0.0%) 0 (0.0%)  

Abbreviations: RP/PPH, retained placenta and/or postpartum hemorrhage requiring blood transfusion; SD, standard 
deviation. 
 

Median second trimester angiogenic biomarkers were significantly elevated among women who experienced a 

retained placenta or postpartum hemorrhage at delivery.   

Across the sample, most of the median biomarker levels were significantly different between the two 

groups (RP/PPH & non) in the second trimester (Table 3). Participants who eventually developed RP/PPH had 

higher second trimester levels of sEng (p=0.004), β-hCG (p<0.001), INHA(p<0.001), PAPP-A (p<0.001) and sFlt-1 

(p<0.001). The RP/PPH group also had a higher first trimester sFLT-1 (p<0.004). First trimester sFlt-1/PlGF ratio 

was also higher for the RP/PPH group. Other first trimester values were non-significant between the groups, and 

PIGF was not different at either time point. 
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Table 3: Placental Biomarker Results for NuMom2B Participants, by RP/PPH status (Kruskal-Wallis tests) 

Abbreviations: IQR, interquartile range; RP/PPH, retained placenta and/or postpartum hemorrhage requiring blood 
transfusion; sEng, soluble endoglin; β-hCG, human chorionic gonadotropin beta subunit; INHA, inhibin A; PAPP-A, 
pregnancy associate plasma protein A; PlGF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1; T1, 
trimester 1 (6-14 GW); T2, trimester 2 (16-22 GW) 
 
 
Non-preeclamptic participants who had retained placenta or postpartum hemorrhage had significantly higher 

second trimester median levels of placental biomarkers than those who did not. 

We stratified the analysis by a diagnosis of preeclampsia and found the significant second trimester differences 

remained among nearly all the same biomarkers for the group without a co-morbid diagnosis of preeclampsia during 

the pregnancy (Table 4). Specifically, the median second trimester levels of β-hCG, INHA, PAPP-A and sFlt-1 were 

all higher among those who experienced a later RP/PPH.     

 

Table 4: Placental Biomarker Results for NuMom2B Participants with and without preeclampsia, by RP/PPH status 

(Kruskal-Wallis tests) 

  
NO PREECLAMPSIA 
N=1612 (73.9%)  

PREECLAMPSIA 
N=572 (26.1%)  

Biomarker 
Median 
(IQR) 

Time 
Point 

No RP/PPH 
N=1572 (97.5%) 

RP/PPH 
N=40 (2.5%) p value 

No RP/PPH 
N=545 (95.3%) 

RP/PPH 
N=27 (4.7%) p value 

sEng 
(ng/mL) 

T1 6.20 (1.90) 6.83 (2.13) 0.023 6.18 (2.14) 6.38 (2.41) 0.613 
T2 5.36 (1.53) 5.67 (1.38) 0.043 5.46 (1.84) 6.16 (2.31) 0.045 

β-hCG 
(mIU/mL) 

T1 20.12 (17.76) 23.79 (19.01) 0.084 18.74 (18.66) 18.58 (28.91) 0.277 
T2 4.10 (3.83) 5.90 (8.35) 0.002 3.86 (3.74) 5.97 (12.24) 0.009 

INHA 
(ng/mL) 

T1 302.94 (200.13) 342.77 (271.86) 0.095 301.19 (233.17) 313.74 (262.55) 0.488 
T2 199.89 (109.54) 254.95 (126.79) 0.003 213.62 (125.64) 243.27 (160.95) 0.164 

PAPP-A T1 1007.14 (1500.53) 1594.81 (1734.32) 0.015 878.14 (1491.39) 1008.16 (1344.54) 0.890 

Biomarker 
Median (IQR) 

Timepoint 
measured 

Total 
N=2192 (100%) 

No RP/PPH 
N=2125 (96.9%) 

RP/PPH 
N=67 (3.1%) 

p value 

sEng 
(ng/mL) 

T1 6.21 (1.95) 6.20 (1.94) 6.64 (2.16) 0.041 
T2 5.40 (1.61) 5.38 (1.60) 5.88 (1.88) 0.004 

β-hCG 
(mIU/mL) 

T1 19.89 (17.95) 19.84 (17.92) 22.46 (22.08) 0.065 
T2 4.07 (3.89) 4.05 (3.84) 5.97 (8.50) <0.001 

INHA 
(ng/mL) 

T1 303.72 (210.04) 303.04 (207.82) 329.20 (258.78) 0.082 
T2 204.16 (113.50) 202.65 (111.77) 244.51 (137.58) <0.001 

PAPP-A 
(MU/L) 

T1 990.68 (1507.90) 977.75 (1479.87) 1299.87 (1739.16) 0.063 
T2 8810.17 (9439.11) 8688.46 (9283.46) 12244.17 (12071.33) <0.001 

PlGF 
(pg/mL) 

T1 41.17 (30.02) 41.31 (29.97) 37.45 (29.10) 0.266 
T2 181.00 (150.77) 181.41 (150.45) 150.44 (181.11) 0.590 

sFlt-1  
(pg/mL) 

T1 883.53 (511.29) 875.95 (509.39) 1006.19 (621.84) 0.004 
T2 869.06 (573.54) 864.10 (569.42) 1060.64 (858.13) <0.001 

sFlt-1/PlGF 
Ratio  

T1 20.91 (18.11) 20.78 (17.97) 27.59 (17.84) 0.002 
T2 4.66 (4.58) 4.63 (4.55) 6.87 (5.66) 0.005 
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(MU/L) T2 8868.42 (9179.38) 14812.99 (14402.51) 0.002 7995.78 (9810.36) 10074.31 (8678.93) 0.119 
PlGF 
(pg/mL) 

T1 42.34 (31.47) 42.33 (27.61) 0.927 39.18 (26.88) 28.37 (30.25) 0.081 
T2 190.06 (153.61) 206.54 (302.51) 0.503 162.64 (132.99) 102.25 (166.75) 0.142 

sFlt-1 
(pg/mL) 

T1 887.95 (505.48) 1044.02 (555.92) 0.012 838.31 (521.06) 950.41 (667.86) 0.085 
T2 872.54 (580.30) 1174.96 (878.60) <0.001 811.29 (559.93) 918.89 (857.68) 0.109 

sFlt-1/PlGF  T1 20.73 (17.67) 24.59 (14.02) 0.093 20.85 (18.26) 32.04 (26.64) 0.008 
T2 4.53 (4.10) 6.73 (5.65) 0.088 4.88 (5.69) 7.18 (6.15) 0.026 

Abbreviations: RP/PPH, retained placenta and/or postpartum hemorrhage requiring blood transfusion; sEng, soluble 
endoglin; β-hCG, human chorionic gonadotropin beta subunit; INHA, inhibin A; PAPP-A, pregnancy associate 
plasma protein A; PlGF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1; T1, trimester 1 (6-14 
GW); T2, trimester 2 (16-22 GW) 
 
 
Degree of change in biomarker levels differed in participants who experienced retained placenta or postpartum 

hemorrhage according to preeclampsia status. 

Figure 1 shows the Kruskal-Wallis median tests for differences in the percentage change in biomarkers between T1 

and T2, for women who experienced RP/PPH stratified by preeclampsia. Preeclamptic women with RP/PPH had a 

significantly greater increase in PAPP-A and decrease in sEng from T1 to T2. Non-preeclamptic women with 

RP/PPH had a significantly greater increase in sFlt-1 from T1 to T2. The percentage change over time in INHA, β-

hCG, and sFlt-1/PlGF ratio for women did not differ according to preeclampsia status. 

 

Figure 1: Percentage change from first to second trimester for sEng, β-hCG, INHA, sFlt-1, and the sFlt-1/PlGF ratio 
in women with RP/PPH, by preeclampsia status. Pale bars refer to preeclamptic women with RP/PPH; dark bars 
refer to non-preeclamptic women with RP/PPH. Abbreviations: RP/PPH, retained placenta and/or postpartum 
hemorrhage requiring blood transfusion; sEng, soluble endoglin; β-hCG, human chorionic gonadotropin beta 
subunit; INHA, inhibin A; PAPP-A, pregnancy associate plasma protein A; PlGF, placental growth factor; sFlt-1, 
soluble fms-like tyrosine kinase-1; T1, trimester 1 (6-14 GW); T2, trimester 2 (16-22 GW) 
 
 

Discussion 
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We have identified several biomarkers, all measured within the first 22 weeks gestation of gestation, that 

are significantly associated with postpartum hemorrhage variables. This is the first time that this many biomarkers 

have been studied together in a single sample to determine their relationship specifically to postpartum hemorrhage. 

Few studies have examined the relationship between individual placental biomarkers and postpartum bleeding on its 

own, but our findings are broadly consistent with the existing literature and provide strong rationale for further 

study. We found that sFlt-1 was significantly elevated in both trimesters for women who went on to develop 

RP/PPH. In 392 pregnancies not complicated by preeclampsia, Eskild et al. (2010) found that in normotensive 

women who went on to experience excessive blood loss (defined as >500 mL) compared to those who did not, sFlt-

1was higher in all three trimesters, but significant only in the second trimester, and that the increase in sFlt-1 during 

pregnancy was greater for those who eventually experienced excessive blood loss [39]. Similarly, we found that 

while sFlt-1 did increase from the first to the second trimester for all participants, the size of the increase was larger 

for those who went on to experience RP/PPH. We found no associations between PlGF at either time point and 

RP/PPH, either in the sample overall or between preeclampsia groups. Ghosh et al. (2012) found that in 

preeclamptic women, PlGF<122 pg/mL at 22-24 weeks was significantly associated with PPH [40]. Our data come 

from samples collected at no later than 22 weeks; it is possible relationships with PlGF could emerge later in 

gestation.  

We found that second trimester β-hCG was significantly elevated in the RP/PPH group. β-hCG levels 

measured 15-20 weeks gestation were strongly correlated with a later diagnosis of PPH (r=0.62, p<0.05) in a sample 

of 987 women [41]. In a recent retrospective cohort study of over 20,000 women, women with elevated β-hCG were 

more likely to experience PPH than those with normal β-hCG levels, though the effect size was small (0.05% vs. 

0.03%, p=0.05) [42]. We found that second trimester inhibin-A was significantly higher for women who developed 

RP/PPH. While inhibin-A has been characterized in the context of preeclampsia we have found only one study that 

examined inhibin-A relative to postpartum hemorrhage. For example, one study found that women with elevated 

inhibin-A between 15 and 19 weeks gestation were more likely to develop preeclampsia; they did not look at PPH as 

an outcome [43]. Similarly, in a study of over 5000 pregnancies, high levels of inhibin-A measured at 15-20 weeks 

gestation were found to be correlated with preterm birth, preeclampsia, fetal growth restriction, and low birth 

weight; they did consider PPH as an outcome but did not find any relationship [44]. We found that second trimester 

PAPP-A was significantly elevated in women who go on to experience RP/PPH. There is scant literature on the 
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relationship between PAPP-A and postpartum hemorrhage. In a recent study, first trimester PAPP-A multiple of the 

median (MoM) was significantly higher among women who experienced postpartum hemorrhage of less or greater 

than 1500 mL (MoM: 1.25±0.71, 1.9±0.69 respectively) than among women who did not experience hemorrhage 

(0.97±0.46, p<0.001) [45]. That study focused on samples collected during the first trimester antenatal aneuploidy 

screening thus they did not report second trimester PAPP-A levels.  

Since angiogenic biomarkers associated with preeclampsia risk are relatively well-characterized, especially 

sFlt-1, and because PPH is more common for preeclamptic women generally and in the current sample, we stratified 

our analyses by preeclampsia status. We found that among women without preeclampsia, the relationships between 

the biomarkers and RP/PPH status were similar to those for the sample overall. Specifically, the biomarkers β-hCG, 

INHA, PAPP-A, and sFlt-1 were significantly elevated during the second trimester for these women. Conversely, for 

preeclamptic women, we found that none of the biomarkers significantly differed between the RP/PPH and no-

RP/PPH groups. In other words, absolute levels of these biomarkers appear to effectively differentiate the potential 

for RP/PPH for women who do not have preeclampsia. We also looked at the magnitude of change in median 

biomarker levels from the first to second trimester in women who experienced RP/PPH, again stratified by 

preeclampsia. The magnitude of change in sFlt-1 was significantly greater for women without preeclampsia, while 

the change in sEng and PAPP-A was significantly greater for women with preeclampsia. These findings indicate that 

change in biomarkers, not just the absolute level of the analyte may a distinguishing feature for future PPH 

regardless of preeclampsia status or absolute biomarker levels. Together, our findings indicate that biomarkers 

associated with angiogenesis and other placental functions, particularly when measured in the second trimester, are 

important targets for further study of PPH pathophysiology and potential risk screening development. The second 

trimester is marked by tremendous placental angiogenic activity. The biomarker patterns we describe here may 

reflect different pathways to abnormal angiogenesis that differ depending on preeclampsia and bleeding outcomes.  

This study is novel both in its use of the NuMoM2b public dataset which offers a large, well-characterized 

dataset with biomarker data and in its findings of strong relationships between placental angiogenic biomarkers and 

postpartum bleeding outcomes. Important limitations remain. There was no direct measure of blood loss or +/- PPH 

diagnosis in the dataset, just retained placenta and PPH requiring blood transfusion. While the latter makes it clear a 

hemorrhage took place, it means that hemorrhage not requiring a blood transfusion is not captured in this analysis. 

This could mean that our findings are more reflective of the physiology of severe hemorrhage. Transfusion for PPH 
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is a relatively rare event, indicated by a range of outcomes include bleeding over 1500 mL and significant 

postpartum decreases in hemaglobin and hematocrit [46, 47]. This highlights the need for identifying and recording 

a broader range of bleeding outcomes to resolve underlying pathophysiology. Retained placenta is one of the most 

common proximate causes of postpartum hemorrhage, along with atony, and is more likely with prolonged third 

stage of labor, with manual removal being recommended within 10-30 minutes to prevent hemorrhage [48, 49]. Thus 

even if our findings are reflective directly of only the risk of retained placenta or severe hemorrhage, they are still 

relevant to understanding hemorrhage risk generally. The sample size of women who experienced either of these 

outcomes was only 67 total, or just 3.1%. A recent analysis of temporal trends in PPH rates in the National Inpatient 

Sample (n=76.7 million delivery hospitalizations) found that the rate rose from 2.7% in 2000 to 4.3% in 2019 [5]; 

the nuMoM2b study period spanned 2010-2015, suggesting that limiting to just cases of retained placenta and PPH 

requiring blood transfusion did effect the potential sample size for this study. Our sample over-represented adverse 

outcomes, including pre-eclampsia, small for gestational age, preterm birth, and stillbirth, which may mean our 

findings are more applicable to higher risk pregnancies. Another limitation is that our analyses focus only on the 

relationship between these biomarkers and blood loss, with additional nuance provided by preeclampsia status. For 

this important first step, we did not model the potential contributions of demographic or other pregnancy and labor 

variables to the relationship between angiogenic biomarkers and bleeding.  

 

Conclusion 

Our findings present a novel approach to screening for PPH risk both separate from preeclampsia and as a 

potential complication of preeclampsia, by identifying target biomarkers and temporal windows to differentiate risk 

and thus course of treatment and management of labor. Many treatments are available for PPH once it starts, but 

there are limited approaches to identifying and mitigating the likelihood of excessive blood loss earlier in gestation, 

which could be invaluable in resource-limited settings and reduce the morbidity associated even with treated PPH 

[50]. The recent FDA-approved biomarker screening test for preeclampsia [51], which measures sFlt-1 and PlGF, is 

recommended for use between 23 and 35 weeks gestation. Our findings provide hope that someday we will be able 

to identify these and other biomarkers as reliable predictors of PPH risk, potentially even earlier in pregnancy, 

signifying a great change in our approach to the treatment and prevention of PPH. 
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