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Abstract
The objective of this study was to assess racial-ethnic differences in the 
prevalence of postpartum hemorrhage (PPH) among Native Hawaiians 
and other Pacific Islanders (NHOPI), Asians, and Whites. We performed a 
retrospective study on statewide inpatient data for delivery hospitalizations 
in Hawai‘i between January 1995 and December 2013. A total of 243,693 
in-hospital delivery discharges (35.0% NHOPI, 44.0% Asian, and 21.0% 
White) were studied. Among patients with PPH, there were more NHOPI 
(37.1%) and Asians (47.6%), compared to Whites (15.3%). Multivariable 
logistic regression was used to assess the impact of maternal race-ethnicity 
on the prevalence of PPH after adjusting for delivery type, labor induction, 
prolonged labor, multiple gestation, gestational hypertension, gestational 
diabetes, preeclampsia, chorioamnionitis, placental abruption, placenta 
previa, obesity, and period with different diagnostic criteria for preeclampsia. 
In the multivariable analyses, NHOPI (adjusted odds ratio [aOR], 1.40; 95% 
confidence interval [CI], 1.32-1.48) and Asians (aOR, 1.45; 95% CI, 1.37-1.53) 
were more likely to have PPH compared to Whites. In the secondary analyses 
of 12,142 discharges with PPH, NHOPI and Asians had higher prevalence of 
uterine atony than Whites (NHOPI: 77.2%, Asians: 73.9% vs Whites: 65.1%, 
P < .001 for both comparisons). 
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Introduction
Postpartum hemorrhage (PPH) is one of the leading causes of 
maternal mortality and morbidity with 140,000 annual deaths 
estimated worldwide.1,2 PPH is defined as an estimated blood 
loss of ≥500 mL after a vaginal delivery or ≥1000 mL after a 
cesarean delivery, or by a postpartum hematocrit reduction 
of more than 10%.1,3 Common causes of PPH include uterine 
atony, genital tract trauma, retained products of conception, 
coagulation disorders, uterine inversion, and implantation of 
placenta into the lower uterine segment.4 Its incidence is likely 
underestimated since the clinician must rely on visual estimation 
of blood loss to make the diagnosis. Furthermore, PPH could 
occur either immediately or up to 6-12 weeks postpartum,1,5 
which makes public reporting difficult.
 Racial-ethnic disparities are persistent problems in women’s 
health and obstetric outcomes in the United States and are largely 
associated with disparate socioeconomic and insurance status.6 
Several studies have shown significant racial-ethnic disparities 
in pregnancy-related morbidity and mortality.7-10 Predominantly 
studied populations are Hispanics, African Americans, and 
Asians/Pacific Islanders who have significantly higher risk of 
PPH than non-Hispanic Whites.9,11-15 Although Native Hawai-
ians and other Pacific Islanders (NHOPI) have been reported 
to have higher rates of severe PPH,16 this finding was limited 

to California data.11 To date, there are no studies assessing the 
racial-ethnic differences in PPH among NHOPI and Asians 
in Hawai‘i. Furthermore, NHOPI have been historically ag-
gregated with Asians into a single racial-ethnic category in the 
prior studies, which masks differences that may, at times, be 
substantial. Therefore, we sought to assess racial-ethnic dispari-
ties in the prevalence of PPH among a population in Hawai‘i 
that predominantly consists of NHOPI, Asians, and Whites.

Methods
Data Source
We conducted a retrospective study using Hawai‘i Health Infor-
mation Corporation (HHIC) inpatient data from January 1995 
to December 2013. HHIC maintains the largest healthcare da-
tabase in Hawaii including inpatient administrative, emergency 
department, and financial data. The HHIC inpatient database 
has detailed, all visit, discharge data from every non-federal 
hospital in Hawai‘i by all payers, and includes race-ethnicity, 
sex, age, insurance type, and International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9) primary 
and secondary diagnoses and procedure codes.17 This study was 
approved by the Institutional Review Board of the University 
of Hawai‘i at Manoa. 

Patients
We received a de-identified dataset from HHIC that included 
286,556 discharges (age >16) who had the primary diagnosis 
of vaginal or cesarean delivery. As this study is specifically 
evaluating the ethnic population of Hawai‘i, non-Hawai‘i 
residents (n=1,571 discharges), and records lacking race-
ethnicity data or with race-ethnicity other than NHOPI, Asian, 
and White (n=41,292 discharges) were excluded (total 42,863 
discharges). In the final analyses, a total of 243,693 delivery 
discharges were included.

Variables
The primary outcome variable was discharge diagnosis of PPH 
as defined by ICD-9 Codes of 666.x and 641.11. These ICD-9 
codes for PPH are well-validated, showing a positive predic-
tive value of 80%.19 The primary independent variable for this 
study was race-ethnicity, which was obtained from the HHIC 
race-ethnicity classifications. HHIC includes only one primary 
race-ethnicity, reported by each hospital from the patient’s 
self-report at admission. The seven largest groups were Native 
Hawaiian, Japanese, Filipino, Chinese, other Pacific Islander, 
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other Asian, and White, accounting for more than 90% of 
the inpatient database. We classified race-ethnicity into three 
groups: NHOPI (Native Hawaiian and other Pacific Islander), 
Asian (Japanese, Filipino, Chinese, and other Asian), and White 
for this study, and used Whites as the reference group. We 
considered the following potential pre-specified confounders: 
age, delivery type (cesarean with labor, cesarean without labor, 
operative vaginal delivery, and spontaneous vaginal delivery), 
history of cesarean delivery, smoking, obesity, substance abuse, 
multiple gestation, multiparity, chronic hypertension, gestational 
hypertension, pre-gestational diabetes, gestational diabetes, pre-
eclampsia, labor induction, polyhydramnios, chorioamnionitis, 
placental abruption, placenta previa, and prolonged labor.18-22 
We also categorized the period with different diagnostic criteria 
for preeclampsia (before year 2000, between 2000 and 2013 
November, after 2013 November). In secondary analyses, we 
investigated racial-ethnic disparities in uterine atony, transfu-
sion, and hysterectomy among patients who were diagnosed 
with PPH. All ICD-9 codes for clinical variables are described 
in the Appendix.

Statistical Analysis
Demographic and clinical characteristics are represented by 
frequency, mean, and standard deviation. Bivariate associations 
between the variables and PPH were assessed using chi-squared 
tests for categorical variables and two-sample t-test for mater-
nal age. A multivariable logistic regression using all factors 
in Table 1 and stepwise selection method was performed with 
significance level of 0.01 for entry and staying to find the best 
model to investigate the impact of race-ethnicity on PPH. C-
statistic was assessed to measure the accuracy of the final model 
in predicting PPH. Chi-squared tests were used to assess racial/
ethnic differences in the rate of uterine atony, hysterectomy, 
and transfusion. Due to the large data, P < .01 was considered 
statistically significant. All analyses were performed in SAS 
9.4 (SAS institute, Cary NC).

Results
A total of 243,693 in-hospital delivery discharges (35.0% 
NHOPI, 44.0% Asian, and 21.0% White) were analyzed. The 
average maternal age was 28.5 years (SD=6.3). Overall, there 
were 12,141 (5.0%) discharge diagnoses of PPH. A bivariate 
analysis demonstrated risk factors that were significantly associ-
ated with PPH (Table 1). Among patients with PPH, there were 
more NHOPI (37.1%) and Asians (47.6%), compared to Whites 
(15.3%). A multivariable logistic regression was conducted us-
ing all the factors in Table 1 and stepwise selection was used to 
find the best model to investigate the impact of race-ethnicity 
on PPH. Table 2 represents the results from the final logistic 
regression model for PPH, with moderate level of prediction 
(c-statistic = 0.657, 95% confidence interval [CI], 0.652-0.662). 
After controlling for the confounding variables, race-ethnicity 
remained significant. Compared to Whites, NHOPI (adjusted 
odds ratio [aOR], 1.40; 95% CI, 1.32-1.48) and Asians (aOR, 
1.45; 95% CI, 1.37-1.53) were more likely to have PPH.

 Furthermore, labor induction (aOR, 1.45; 95% CI, 1.37-1.52), 
prolonged labor (aOR, 1.26; 95% CI; 1.12-1.42), multiple gesta-
tion (aOR, 2.72; 95% CI, 2.22-3.32), gestational hypertension 
(aOR, 1.37; 95% CI, 1.27-1.48), gestational diabetes (aOR, 
1.15; 95% CI, 1.07-1.23), preeclampsia (aOR, 2.11; 95% CI, 
1.95-2.28), chorioamnionitis (aOR, 2.15; 95% CI, 2.01-2.30), 
placental abruption (aOR, 1.78; 95% CI, 1.54-2.07), placenta 
previa (aOR, 66.01; 95% CI, 59.30-73.48), and obesity (aOR, 
1.56; 95% CI, 1.38-1.77) were associated with PPH (Table 2). 
Patients who delivered vaginally were more likely to have PPH 
than the patients who went through cesarean section delivery 
with labor (operative vaginal: aOR, 1.74; 95% CI, 1.63-1.87; 
spontaneous vaginal: aOR, 1.36; 95% CI, 1.04-1.77). Patients 
who delivered after year 2000 were more likely to be diagnosed 
with PPH than patients who delivered before year 2000 (between 
2000 and 2013 November: aOR, 1.13; 95% CI, 1.08-1.18; 
after year 2013 November: aOR, 1.09; 95% CI, 1.02-1.17). In 
addition, to account for correlated multiple deliveries by the 
same patients, a separate multilevel model was conducted us-
ing hospital record identifier or master patient identifier to link 
patient-level encounter data. The model presents similar results 
in the magnitude and significance of the estimates (results not 
shown).
 Table 3 represents prevalence of uterine atony, transfusion and 
hysterectomy by race-ethnicity among patients who had PPH. 
NHOPI (77.2%) and Asians (73.9%) had a higher proportion of 
uterine atony and PPH, compared to Whites (65.1%) (P < .001). 
Whites (13.1%) were more likely to receive transfusion than 
NHOPI (9.5%) and Asians (7.9%) after PPH (P < .001). 

Discussion
Using Hawai‘i statewide claims data over an 18-year period, 
we demonstrated that NHOPI and Asians may have higher 
prevalence of PPH compared to Whites after adjusting for 
known risk factors. This study also validated prior studies that 
Asians/Pacific Islanders have higher rates of PPH, independent 
of the known risk factors for PPH.11 Additionally, this study 
demonstrated a higher prevalence of uterine atony in NHOPIs 
and Asians than Whites, among those with PPH.
 PPH is a clinical diagnosis yielded by the imprecise visual 
estimation of blood loss that may be diluted in other fluids (ie, 
amniotic fluid, urine, saline irrigation, etc) after the completion 
of the delivery of the fetus and placenta. The majority of blood 
loss is typically derived from the prior placental attachment 
site in the uterus, as the placenta avulses from its vascular 
bed, spiral arteries, and veins.23 These vessels that were used 
to provide blood flow to the placenta and baby are mechani-
cally compressed with a firm contraction of the uterus after 
placental delivery, and in conjunction with the coagulation 
system, these vessels are clotted to prevent further bleeding. 
Postpartum uterine bleeding may be in conjunction with genital 
tract lacerations of the cervix and vagina that may significantly 
contribute to blood loss and hemorrhage. Failure of the uterus 
to contract postpartum (uterine atony), abnormal vasculature of 
the uterus, incomplete evacuation of a portion of the placenta 
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Table 1. Clinical Characteristics of Patients with and without Postpartum Hemorrhage
Variable Total Postpartum Hemorrhage, n (%)

No (n=231,551) Yes (n=12,142)
Age (yr.), mean ± SD 28.5 ± 6.3 28.5 ± 6.2 28.7 ± 6.4
Maternal Race-ethnicity
 NHOPI
 Asian
 White

85,178 (35.0%)
107,256 (44.0%)
51,259 (21.0%)

80,670 (34.8%)
101,477 (43.8%)
49,404 (21.3%)

4,508 (37.1%)
5,779 (47.6%)
1,855 (15.3%)

Type of Delivery
 Spontaneous Vaginal
 Operative Vaginal
 Cesarean without Labor
 Cesarean with Labor

183,584 (75.3%)
1,657 (0.7%)

31,060 (12.8%)
27,382 (11.2%)

174,192 (75.2%)
1,597 (0.7%)

29,524 (12.8%)
26,238 (11.3%)

9,392 (77.4%)
60 (0.5%)

1,536 (12.7%)
1,154 (9.4%)

Labor Induction 30,195 (12.4%) 28,036 (12.1%) 2,159 (17.8%)
Prolonged Labor 5,049 (2.1%) 4,728 (2.0%) 321 (2.6%)
Previous Cesarean 30,658 (12.6%) 29,458 (12.7%) 1,200 (9.9%)
Multiple Gestation 1,286 (0.5%) 1,161 (0.5%) 125 (1.0%)
Multiparity 2,991 (1.2%) 2,810 (1.2%) 181 (1.5%)
Chronic Hypertension 371 (0.2%) 344 (0.2%) 27 (0.2%)
Gestational Hypertension 11,427 (4.7%) 10,641 (4.6%) 786 (6.5%)
Pre-gestational Diabetes 2.061 (0.9%) 1,931 (0.8%) 130 (1.1%)
Gestational Diabetes 16,985 (7.0%) 15,938 (6.9%) 1,047 (8.7%)
Preeclampsia 9,217 (3.8%) 8,320 (3.6%) 897 (7.4%)
Polyhydramnios 1,733 (0.7%) 1,611 (0.7%) 122 (1.0%)
Chorioamnionitis 12,134 (5.0%) 11,030 (4.8%) 1,104 (9.1%)
Placental Abruption 2,408 (1.0%) 2,175 (0.9%) 233 (1.9%)
Placenta Previa 1,882 (0.8%) 612 (0.3%) 1,270 (10.5%)
Smoking 6,101 (2.5%) 5,725 (2.5%) 376 (3.1%)
Obesity 3,469 (1.4%) 3,176 (1.4%) 293 (2.4%)
Substance Abuse 5,307 (2.2%) 4,981 (2.2%) 326 (2.7%)
Period with Different Diagnostic Criteria for Preeclampsia
 Before year 2000
 Between year 200 and year 2013 November
 After year 2013 November

61,694 (25.3%)
153,940 (63.2%)
28,059 (11.5%)

58,845 (25.4%)
146,023 (63.1%)
26,683 (11.5%)

2,849 (23.5%)
7,917 (65.2%)
1,376 (11.3%)

NHOPI = Native Hawaiian or other Pacific Islander.  Column percentage. All were P < .01 except chronic hypertension (P = .042).

or other products of conception, deficits within a patient’s co-
agulation system, and large lacerations in to the genital tract 
place postpartum women at risk for PPH.23 
 There have been several studies linking a familial or genetic 
predisposition to PPH. A large California database study was 
able to identify a higher risk of PPH among Asians/Pacific Is-
landers as a cohort, but did not distinguish rates of PPH among 
the distinct ethnicities.11 A recent study in the Swedish Database 
of vaginal births identified families with higher rates of PPH 
than the general population;24 these studies suggest a familial 
predisposition to PPH. In an attempt to identify genetic entities 
that place an individual at risk for PPH, a cohort of 3,219 Italian 
women was used to study genetic polymorphisms to determine 
a biochemical rationale for women at risk for PPH.25 Aside from 
the aforementioned studies, there is a paucity in data identifying 
genetic and ethnic entities as potential independent risk factors 

for PPH. Interestingly, in a sub-analysis of our study, we found 
a statistically higher rate of uterine atony as the cause of PPH 
among each distinct ethnicity of Asian and Pacific Islander 
when compared to Whites in Hawai‘i. This may suggest a 
genetic predisposition for defects of uterine contraction in the 
postpartum state in these individuals, placing them at higher 
risk for hemorrhage. Our study also showed an unexpected 
finding of modestly higher rates of transfusion among Whites 
compared to NHOPI and Asians. Due to the retrospective nature 
of the study, the reason for this apparent association is unclear 
and bears further investigation.
 As postpartum hemostasis is multifaceted and relies on the 
coordination of multiple systemic factors, other genetic pre-
dispositions to include defects in coagulation, prostaglandin 
synthesis, or tissue pliability (degree of laceration) may also 
contribute to the higher PPH incidence in Asians/Pacific Island-
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Table 2. Final Model by Stepwise Multivariable Logistic Regression for Patients with Postpartum Hemorrhage
Variable Unadjusted OR (95% CI) Adjusted Odds Ratio (95% CI)

Maternal Race-ethnicity
 NHOPI
 Asian
 White

1.52 (1.44-1.60)***
1.49 (1.41-1.57)***

Reference

1.40 (1.32-1.48)***
1.45 (1.37-1.53)***

Reference
Type of Delivery
 Operative Vaginal
 Spontaneous Vaginal
 Cesarean without Labor
 Cesarean with Labor

1.23 (1.15-1.31)***
0.86 (0.66-1.11)

1.18 (1.09-1.28)***
Reference

1.74 (1.63-1.87)***
1.36 (1.04-1.77)*
0.97 (0.89-1.07)

Reference
Labor Induction 1.57 (1.50-1.65)*** 1.45 (1.37-1.52)***
Prolonged Labor 1.30 (1.16-1.46)*** 1.26 (1.12-1.42)***
Multiple Gestation 2.07 (1.72-2.49)*** 2.72 (2.22-3.32)***
Gestational Hypertension 1.44 (1.33-1.55)*** 1.37 (1.27-1.48)***
Gestational Diabetes 1.28 (1.20-1.36)*** 1.15 (1.07-1.23)***
Preeclampsia 2.14 (1.99-2.30)*** 2.11 (1.95-2.28)***
Chorioamnionitis 2.00 (1.88-2.13)*** 2.15 (2.01-2.30)***
Placental Abruption 2.06 (1.80-2.37)*** 1.78 (1.54-2.07)***
Placenta Previa 44.07 (39.95-48.63)*** 66.01 (59.30-73.48)***
Obesity 1.78 (1.58-2.01)*** 1.56 (1.38-1.77)***
Period with Different Diagnostic Criteria for Preeclampsia
 Before year 2000
 Between year 200 and year 2013 November
 After year 2013 November

Reference
1.12 (1.07-1.17)***

1.07 (1.00-1.14)

Reference
1.13 (1.08-1.18)***
1.09 (1.02-1.17)*

NHOPI = Native Hawaiian or other Pacific Islander. C-statistic was 0.657 (95% CI = 0.652-0.662). *P < .05; **P < .01; ***P < .001

Table 3. Rate of Uterine Atony, Transfusion and Hysterectomy among 
Patients with Postpartum Hemorrhage by Race-ethnicity, n (%)

Race-ethnicity Uterine Atony 
(n=8,962; 73.8%)

Transfusion 
(n=1,591; 8.7%)

Hysterectomy 
(n=218; 1.8%)

NHOPI 3,482 (77.2%)*** 429 (9.5%)*** 72 (1.6%)
Asian 4,273 (73.9%)*** 459 (7.9%)*** 109 (1.9%)
White 1,207 (65.1%) 242 (13.1%) 37 (2.0%)

NHOPI = Native Hawaiian or other Pacific Islander. Chi-square test was conducted to 
compare White. *P < .05; **P < .01; ***P < .001

ers. Asians have twice the odds of having a 3rd or 4th degree 
perineal laceration postpartum, which can lead to significant 
PPH even after controlling for known risk factors such as ma-
ternal age, operative vaginal delivery rate (forceps or vacuum), 
birth weight, and episiotomy rate.8,26 Further study is needed 
to better assess which specific biological factor is driving the 
observed racial-ethnic differences in the prevalence of PPH. 
 The strengths of our study include a large sample size of 
over 240,000 deliveries and detailed ethnicity information 
for a diverse, multiethnic population. The study findings were 
also consistent with prior studies and support a multitude of 
risk factors that increase the risk of PPH. There are several 
limitations to our study. First, estimation of blood loss is most 
often “qualitative” rather than a “quantitative” assessment, 
which may introduce bias from the diagnosing clinician. There 

may also be reporting bias to either over report or underreport 
PPH in this population. Second, the data on gestational age at 
delivery and birth weight were not available, and thus their 
impact could not be assessed. Third, race-ethnicity was based 
on the patient’s self-report and the algorithm used by HHIC to 
assign a patient to a single race-ethnicity may underestimate 
White race. Fourth, since the data was limited to the state of 
Hawai‘i, our results may not be generalizable to other populations 
within the mainland United States. Fifth, this data assessed the 
“in-hospital” deliveries for the specific hospital admission and 
did not account for outside of institution births or patients who 
were readmitted to the hospital for a “delayed PPH” possibly 
impacting our observation. Sixth, our study was limited by 
what variables were available. Future studies should consider 
other potential confounders such as BMI, prior history of pre-
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eclampsia, breastfeeding, or oxytocin administered postpartum 
which can stimulate uterine contractions. Finally, similar to the 
other claims databases, misclassification or miscoding of ICD-9 
codes could occur due to physician coding or data entry errors. 

Conclusion
PPH prevalence was higher in NHOPI and Asians compared to 
Whites in the state of Hawai‘i. PPH is a major contributor to 
morbidity and mortality both worldwide and in the United States 
and further delineating distinct ethnicity data as independent 
risk factors may be important for patient counseling, preven-
tion, and treatment. This epidemiological data will also aid in 
identifying future research studies aimed at genetics/genomics 
within families and ethnicities at risk for PPH. Currently, as the 
etiology and pathophysiology for PPH is multifactorial, we are 
not able to assert a specific rationale for why those of Asian and 
Pacific Islander ethnicity have higher rates of PPH, even when 
controlling for known risk factors. With the delineation of race 
to be an additional risk factor for PPH, further preventative 
tactics may be employed to effectively reduce morbidity and 
mortality from this disease.27 Further studies to delineate the 
causal relationship between PPH and ethnicity are needed to aid 
in the counseling, prevention, and treatment of these patients 
as well as to confirm our findings.
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