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Abstract

Background.—Postpartum hemorrhage is a leading cause of maternal death globally. Recent 

studies have associated Type-O group to increased risk of bleeding. We aimed to determine if 

women with Type-O blood are at higher risk of PPH.

Methods.—This is a retrospective cohort analysis of a multi-center database included women 

admitted to labor and delivery from January 2015 to June 2018. All deliveries resulting in live 

birth were included. Association between Type-O and non Type-O were examined using chi-

square test and fishers exact test. Prevalence of postpartum hemorrhage, estimated blood loss, drop 

in hematocrit and red blood cell transfusion were compared.

Results.—The matched sample included 40,964 Type-O and the same number of no Type-O. The 

overall prevalence of postpartum hemorrhage was 6.4 %, and there was no difference in the 

prevalence of PPH among Type-O compared to non Type-O (6.38% vs. 6.37% respectively; 

p=0.96). There was no difference in hematocrit drop and estimated blood loss between Type-O 

and non Type-O in all deliveries. However, in cesarean delivery there was a significant difference 

in blood loss among the two groups Finally, Type-O had 1.09 fold increased risk for transfusion 

compared to non Type O (95% CI, 0.9 - 1.34).

Conclusion.—There is an association between Type-O group and risk of bleeding in women 

undergoing cesarean delivery. More prospective studies, taking into account coagulation profile, 
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platelet count and tissue factors, are needed to draw a conclusion on whether ABO system can be 

considered a heritable risk of postpartum hemorrhage.
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Introduction

Postpartum hemorrhage (PPH) is a leading cause of maternal mortality and morbidity 

globally, both in low and high resource countries, and it accounts for more than two-thirds of 

hemorrhage-related deaths in the obstetrical setting [1–5]. In addition, peripartum 

hysterectomy and postpartum intensive care support are major morbidities resulting from 

PPH [6,7]. Recently, the American College of Obstetricians and Gynecologists defined PPH 

as the cumulative blood loss greater than or equal to 1000 mL with signs or symptoms of 

hypovolemia within 24 hours after delivery regardless of the delivery method. This is an 

update to the previous definition of a 500 mL blood loss in vaginal delivery and 1000 mL in 

cesarean delivery, yet they still recognize that blood loss greater that 500 mL in vaginal 

delivery warrants further evaluation [8].

Most cases of PPH occur as a result of disturbance in one or both mechanisms that exist to 

maintain hemostasis including contraction of the myometrium and local decidual hemostatic 

factors. The former mechanism is the most common cause of PPH in the United States, 

responsible for at least 75 % of the cases [9]. Other causes include trauma, laceration, 

placental abnormalities, uterine inversions, and inherited or acquired blood diathesis [8].

The most common inherited bleeding disorder is von Willebrand Disease (vWD), caused by 

a quantitative deficiency (type 1 and 3) or a qualitative defect of von Willebrand factor 

(vWF) [10]. vWF plays a pivotal role in primary hemostasis through platelet sub-endothelial 

adhesion, platelet-to-platelet, and platelet aggregation, by acting as a specific carrier of 

FVIII and protecting it from proteolytic degradation [11]. Seventy percent of plasma 

variation in vWF/FVIII is genetically determined with nearly one-third of this variation 

accounted for by ABO type [12]. Type-O blood has been shown to have 25% lower plasma 

levels of vWF and Factor VIII (FVIII) than the non Type-O [12]. Several studies have been 

performed with varying results of either increased propensity to bleeding in Type-O patients 

or no significantly increased bleeding [13–16] . The published literature is therefore 

inconclusive regarding the impact of Type-O blood on hemorrhage. A large meta-analysis of 

22 studies was performed in which 4,919 of 9,468 patients with bleeding complications were 

Type-O (52%) and 202,319 of 457,284 patients without bleeding complications were Type-

O (44.2%), thus showing Type-O blood patients are at higher risk of bleeding compared to 

non Type-O patients (95% CI=1.25 to 1.42, p<0.001) [17]. This leads to the premise that 

patients with Type-O blood may indeed be at increased risk of hemorrhage.

Physiologic changes of pregnancy significantly increase levels of vWF and FVIII in women 

without an underlying hematologic disorder, reaching levels by far >100 U/dL at the time of 

delivery. For women with vWD who have baseline levels of vWF and FVIII>30 u/dL, the 

corrective adaptation induced by pregnancy gives these individuals the ability to achieve 
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normal levels by late gestation [18]. Therefore, pregnancy itself may compensate for lower 

than normal vWF/FVIII in Type-O individuals, providing a protective effect for increased 

risk of bleeding during and after delivery. In our study, we aimed to evaluate the association 

between Type-O blood and risk of bleeding among patients undergoing vaginal and cesarean 

delivery and identifying independent risk factors for hemorrhage.

Methods

This was a retrospective cohort analysis of pregnant women who delivered from January 

2015 to June 2018 by vaginal or cesarean delivery at nineteen hospitals belonging to a large 

national hospital management company in the United States. Data on demographics, 

maternal characteristics, preexisting conditions, and pregnancy-related conditions were 

extracted from the national database. This dataset offered a large sample population 

encompassing various hospital sizes across the country. Women with a reported blood type 

were included. PPH was defined as blood loss greater than or equal 1000 mL regardless of 

delivery mode. Using at least 40,000 per group , a power >0.95 was obtained to detect a 

difference in the incidence of transfusion of 0.5% vs 0.7%, which was defined as the 

minimum clinically relevant difference.

The primary outcome was hemorrhage in Type-O and non Type-O patients reported as 

hematocrit absolute drop and stratified into 4 categories (0 to <5%, 5% to <10%, 10% to 

<15%, and ≥15%). Hematocrit drop was missing for a total of 14,240 patients. Estimated 

blood loss (EBL) was compared among patients with blood Type-O and non Type-O among 

all modes of deliveries and subdivided by mode of delivery (vaginal and cesarean). EBL was 

divided into four categories: <500 mL, >500 mL to <1000 mL>1000 mL to <2000 mL, ≥ 

2000 mL and each category was compared across the dependent variable.

We compared birth outcomes in propensity matched patients using generalized estimating 

equations with patients nested within matched pairs, and adjusting for the propensity to have 

Type-O. Propensity for Type-O was matched using the Greedy Matching algorithm with 

caliper of 2%, 1-to-1 for Type-O vs non-O patients. Propensity for type O was the 

probability of Type O, based on the results of a logistic regression model predicting blood 

type based on the predictors: delivery type, race, marital status, age, body mass index, parity, 

number of previous cesarean sections, predelivery hematocrit and white blood cell count, 

Rhesus status, diabetes mellitus, gestational diabetes, interpregnancy interval, placenta 

previa, use of vacuum or forceps, and chorioamnionitis. Probability of Type O was 

calculated for each patient, from the regression equation y = intercept + b1v1 + b2v2 + … + 

bnvn, where the b’s were the regression parameter estimates and v’s were the values of each 

variable in the model, for each patient, with the equation probability = exp(y)/ (1 + exp(y)). 

Balance was checked for pre-delivery variables after matching using chi-square or Fishers 

exact test for categorical variables, and t-test for continuous variables. Any background 

variables that remained significantly different between blood types after matching, if any, 

would have been used as covariates in the final generalized estimating equations (GEE) 

models. The study was approved by the George Washington University Institutional Review 

Board.
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Results

The original data included 50,052 Type-O mothers and 46,325 non Type-O. The matched 

sample included 40,964 Type-O and the same number of non Type-O. Among the non Type-

O patients, 66.5% were Type-A, 26.2% were Type-B, and 7.1% were Type-AB. In addition, 

62.8% of the patients had a vaginal delivery, whereas 37.2% had a cesarean delivery. When 

we compared the maternal characteristics between Type-O and non Type-O (Table 1.), there 

was no significant difference among the demographical and patient-related variables 

between the matched patients. Postpartum hemorrhage, defined as >1000 ml regardless of 

type of delivery, in Type-O patients was 6.37% and that in non Type-O was 6.38% (p=0.96).

There was no significant difference in absolute hematocrit drop between patients with Type-

O and non Type-O in all deliveries (p=0.2), Table 2. When stratified by mode of delivery, 

there was no significant difference in the absolute hematocrit drop in any category between 

the Type-O and non Type-O in vaginal delivery (p=0.75). However, there was a trend-level 

association in cesarean delivery, in which the lowest level of HCT drop (0% - <5%) was 

slightly more likely for mothers with non Type-O (53% vs 52%).

EBL categories were not significantly different among the two groups in the vaginal delivery 

(p=0.84). However, in cesarean delivery, there was a significant association between blood 

type and EBL, in which EBL <500 ml was slightly more likely for mothers with Type-O, 

compared with non Type-O (25.6% vs 24.3%; p=.03). When taking all deliveries into 

account, there was no significant difference in estimated blood loss across all four categories 

between Type-O and non Type-O patients (p=0.45) Table 3. The prevalence of PPH among 

cesarean deliveries (defined as EBL >1000 mL) was 10.1% (3091/30496). In addition, the 

prevalence of PPH among vaginal deliveries (defined as EBL >500 mL) was 4.9% 

(2540/51,432).

There were 203 Type-O patients with transfusion (0.50%) and 186 non-Type-O patients 

(0.45%) (p=0.42). In the GEE model, after nesting cases within matched pairs and adjusting 

for the propensity to have Type-O, the adjusted OR for transfusion was 1.09 (95% CI 0.90 – 

1.34; p=.38) for those with Type) vs non Type-O patients.

Discussion

In this large multi-center analysis of the relationship between blood type and bleeding/PPH, 

there was an association between blood loss and Type-O among cesarean delivery. These 

important findings were in accordance to an expected relationship showing PPH with Type-

O blood as described by Drukker et. al [14]. In that study, Type-O patients were at 1.14 fold 

risk of PPH (2.3% vs 2.0%, p<0.001); a mild risk that persisted after multivariate analysis 

but there was no difference in blood product transfusion among patients by blood type. 

Another study evaluating postpartum blood loss showed that Type-O patients had higher 

blood loss (529.2 mL ± 380.4 mL vs. 490.5 mL ± 276.4mL, p=0.002) [13]. Contrary to our 

findings, Ali-Saleh et al. found no association of blood type with increased risk of early PPH 

[16]. Interestingly, the association between bleeding and blood group has not been restricted 
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to the obstetrics population; a study comparing the risk of bleeding of gastroduodenal ulcers 

and Type-O blood patients showed a positive correlation as well [15].

One potential hypothesis to explain these findings is that patients with Type-O blood have a 

different coagulation profile compared to non Type-O patients. In particular, the 

concentration levels and activity of vWF are decreased in Type-O patients [19–21]. A recent 

meta-analysis by Dentali showed Type-O blood poses a heritable risk factor for bleeding 

[17]. Moreover, patients with non Type-O are at 2-folds higher risk of developing venous 

thromboembolism [22]. Another study showed that the risk for cerebral hemorrhage and 

thromboembolism were not significantly different between patients with blood Type-O and 

non Type-O, although patients with blood Type-O were at lower risk of nonvalvular atrial 

fibrillation [23]. In one study assessing the relation between Type-O and risk of bleeding in 

cardiac surgery, Welsby et al. showed that there is no significant difference in postoperative 

primary hemostasis despite laboratory evidence for abnormal primary hemostasis among 

patients with Type-O prior to surgery [24].

vWF can rise up 60-100% higher of baseline levels in the third trimester of pregnancy 

compared to the non-pregnant state. [25]. There is a higher risk of PPH in patients with low 

third trimester vWF levels [26]. Given the large database nature of the current study, vWF 

assays were not available for analysis. However, the authors propose that the clinically 

significant data on PPH and transfusion requirement can be an indirect surrogate. In this 

study, there is no statistical significance in the need for transfusion among Type-O and non 

Type-O patients; therefore, despite potentially low vWF levels, transfusion requirement was 

not impacted. An explanation is that the phenomenon of hemorrhage is multidimensional 

involving imbalance between coagulation and anticoagulation cascades including a myriad 

list of proteins and factors. Other known risk factors of postpartum hemorrhage may also 

play a role although in our cohort there was no significant difference among them including 

predelivery anemia, assisted vaginal delivery and chorioamnionitis. In a recent study, it has 

been shown that pre-delivery anemia is a risk factor for increased bleeding after delivery 

[27].

It has been shown in the literature that cesarean delivery, operative vaginal delivery 

(forceps), and placenta previa are independent risk factors [28,29]. There is controversial 

evidence on how to choose the hemostasis outcome when studying PPH. Despite clear 

definitions of PPH, diagnosing PPH by the amount of blood loss remains daunting because 

of lack of an accurate measurement tool. Finally, deciding on the primary outcome, whether 

it is the need for transfusion or maternal comorbidity composite score, can be challenging 

and not uniform across both descriptive and analytical studies.

Major strengths of this study are the heterogeneous population from over 19 different 

hospitals across the United States, the large number of subjects included (>80,000), which 

gave us the power to detect small differences between blood type groups, and the availability 

of extensive demographic, medical and obstetrical data. However, the retrospective study 

design is of course a limitation—especially in potential lack of accurate diagnosis of PPH 

and the lack of knowledge regarding the manner from which the blood loss measurements 

were made.
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In conclusion, we highlight our results showing no significant association between non 

Type-O and risk of blood loss among all deliveries, despite a slight increase in postpartum 

hemorrhage among cesarean deliveries in the Type-O group.. The clinical benefit of 

determining whether the ABO system possesses an inheritable bleeding risk is important, 

particularly in the obstetrics setting, as several task forces ,including the Association of 

Women’s Health, Obstetrics and Neonatal Nurses (AWHONN) and the California Maternal 

Quality Care Collaborative (CMQCC) [30,31], are working on delineating the risk factors 

associated with postpartum hemorrhage and constructing protocols for effective 

management. Further prospective studies to identify differences between non Type-O and 

Type-O patients are warranted. These should include analysis of various coagulation studies 

including vWF, fibrinogen, factor VIII, and platelet studies. In the event that Type-O is 

indeed a heritable risk factor for PPH, we believe targeted hemodynamic observations and 

possible pharmacologic prophylaxis for select pregnant patients during labor and delivery 

has the potential to reduce adverse bleeding events and maternal mortality.
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Highlights

• The overall prevalence of PPH in our study was 6.4%.

• Non Type-O is significantly related with drop in hematocrit in cesarean 

delivery, but this does not translate to increased transfusion requirement.

• No difference in Patients with Type-O and non Type-O for estimated blood 

loss more than 1000 mL after any delivery.

• More robust studies are needed to account for the mechanism in which blood 

type is associated with increased risk of bleeding.
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Table 1.

Maternal, gestational and intrapartum characteristics of our population

Type-O (n= 40,964) non Type-O (n=40,964) P

Maternal Characteristics

Maternal age (years) 27.9 ± 6.5 27.9 ± 6.5 .81

Rhesus positive 37,032 (90.4%) 37,009 (90.4%) .78

Advanced maternal age (>35 years old) 6,564 (16.0%) 6,540 (16.0%) .82

Married 20,027 (48.9%) 20,053 (49.0%) .86

Race

   African-American 6,440 (15.7%) 6,361 (15.5%) .45

   White 22,493 (54.9%) 22,455 (54.8%) .79

Prior cesarean delivery .83

   0 37,802 (92.3%) 37,832 (92.3%)

   1 1,910 (4.6%) 1,860 (4.5%)

   2 871 (2.1%) 881 (2.2%)

   3 or more 381 (1.0%) 391 (1.0%)

Parity .34

   0 7,949 (19.4%) 7,925 (19.4%)

   1 21,407 (52.2%) 21,410 (52.2%)

   2 5,655 (13.8%) 5,804 (14.2%)

   3 or more 5,953 (14.6%) 5,825 (14.2%)

Diabetes mellitus 1,200 (2.9%) 1,211 (3.0%) .82

Body mass index (kg/m2) 31.8 ± 6.4 31.7 ± 6.5 .87

Gestational Characteristics

Interpregnancy interval <1 year 682 (1.7%) 681 (1.7%) .99

Multifetal gestation 490 (1.2%) 489 (1.2%) .97

Preoperative hematocrit 35.1 ± 3.5 35.1 ± 3.5 .93

Predelivery Anemia (hematocrit<32%) 7,420 (18.1%) 7,398 (18.1%) .84

Predelivery Thrombocytopenia (platelet < 150x103) 4,260 (10.4%) 4,256 (10.4%) .96

Predelivery white blood cell count (x103/mm3) 10.5 ± 3.0 10.5 ± 3.1 .63

Placenta previa 274 (0.7%) 267 (0.7%) .76

Placental abruption 317 (0.8%) 314 (0.8%) .90

Placenta accreta/increta/percreta 31 (0.08%) 27 (0.07%) .60

Diabetes mellitus (gestational) 2,527 (6.2%) 2,540 (6.2%) .85

Gestational hypertension/preeclampsia 1,183 (2.9%) 1,150 (2.8%) .49

History of Postpartum Hemorrhage 814 (2.0%) 767 (1.9%) .23

Intrapartum Characteristics

Gestational age (weeks) 38.4 ± 2.9 38.4 ± 2.8 .89

Preterm (<37 weeks) 3,946 (9.6%) 4,033 (9.9%) .31
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Type-O (n= 40,964) non Type-O (n=40,964) P

Spontaneous vaginal delivery 24,567 (60.0%) 24,594 (60.0%) .85

Assisted or operative vaginal delivery

   Vacuum 2,474 (6.0%) 2,480 (6.1%) .93

   Forceps 367 (0.9%) 365 (0.9%) .94

Chorioamnionitis 367 (0.9%) 376 (0.9%) .74

Any prior cesarean delivery 3,162 (7.7%) 3,132 (7.7%) .69

1st cesarean delivery 12,366 (30.2%) 12,362 (30.1%) .80

Repeat cesarean (N=30,496) 2,895 (7.1%) 2,873 (7.0%) .80
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Table 3.

Maternal Estimate blood loss (EBL) during delivery.

EBL Type-O Non Type-O P

Vaginal

≤ 500mL 24,436 (95.1%) 24,456 (95.05%) .84

>500mL to ≤1000mL 977 (3.8%) 967 (3.8%)

>1000mL to ≤2000mL 226 (0.9%) 232 (0.9%)

>2000mL 64 (0.3%) 74 (0.3%)

Cesarean Section

≤ 500mL 3,913 (25.6%) 3695 (24.2%) .03

>500mL to ≤1000mL 9,791 (64.2%) 10,006 (65.7%)

>1000mL to ≤2000mL 1,392 (9.1%) 1379 (9.0%)

>2000mL 165 (1.1%) 165 (1.1%)

All

≤ 500mL 28,349 (69.2%) 28,151 (68.7%) .45

>500mL to ≤1000mL 10,768 (26.3%) 10,973 (26.8%)

>1000mL to ≤2000mL 1,618 (3.9%) 1,611 (3.9%)

>2000mL 229 (0.6%) 229 (0.6)

All data are reported as n (%)
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