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Abstract

Objective—To evaluate whether racial and ethnic disparities exist in obstetric care and adverse 

outcomes.

Methods—We analyzed data from a cohort of women who delivered at 25 hospitals across the 

United States over a 3-year period. Race and ethnicity was categorized as Non-Hispanic white, 

Non-Hispanic black, Hispanic, or Asian. Associations between race and ethnicity and severe 

postpartum hemorrhage (PPH), peripartum infection, and severe perineal laceration at spontaneous 

vaginal delivery, as well as between race and ethnicity and obstetric care (eg, episiotomy) relevant 

to the adverse outcomes, were estimated by univariable analysis and multivariable logistic 

regression.

Results—Of 115,502 studied women, 95% were classified by one of the race and ethnicity 

categories. Non-Hispanic white women were significantly less likely to experience severe PPH 
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(1.6% non-Hispanic white vs. 3.0% Non-Hispanic black vs. 3.1% Hispanic vs. 2.2%Asian) and 

peripartum infection (4.1% non-Hispanic white vs. 4.9% Non-Hispanic black vs. 6.4% Hispanic 

vs. 6.2% Asian) than others (P < 0.001 for both). Severe perineal laceration at spontaneous vaginal 

delivery was significantly more likely in Asian women (2.5% non-Hispanic white vs. 1.2% Non-

Hispanic black vs. 1.5% Hispanic vs. 5.5% Asian) P< 0.001). These disparities persisted in 

multivariable analysis. Many types of obstetric care examined also were significantly different 

according to race and ethnicity in both univariable and multivariable analysis. There were no 

significant interactions between race and ethnicity and hospital of delivery.

Conclusion—Racial and ethnic disparities exist for multiple adverse obstetric outcomes and 

types of obstetric care, and do not appear to be explained by differences in patient characteristics 

or by delivery hospital.

Racial and ethnic disparities in health care have been defined as differences in the quality of 

care received by particular groups who have similar health insurance and the same access to 

a doctor when there are no differences between these groups in their preferences and needs 

for treatment. (1) In their report on health disparities, the Institute of Medicine indicated that 

racial and ethnic minorities in the United States are less likely to receive needed procedures, 

more likely to receive less useful procedures, and overall experience a lower quality of 

health services. (1) For example, black men and women in the United States have been 

shown to have higher mortality related to coronary heart disease but lower rates of receiving 

coronary angioplasty and bypass surgery than their white counterparts. (2)

Health disparities also have been documented in reproductive health. (3) Many studies have 

demonstrated the marked black-white difference that exists in both infant and maternal 

mortality. (4–6) These differences do not appear to be related solely to a greater prevalence 

or severity of obstetric complications. Both Tucker et. al. and Rosenberg et. al., for example, 

have shown that black women are more likely to have pregnancy-associated mortality even 

after accounting for severity of the complication. (7,8)

It has been less well documented whether disparities exist with regard to significant 

maternal morbidities. Some studies have suggested that white women are less likely to 

experience postpartum hemorrhage, infection, and severe perineal laceration than other 

racial and ethnic groups. (9–12) However, these studies typically have utilized 

administrative databases, and have therefore not been able to adequately adjust for potential 

differences in other patient characteristics (e.g., age, body mass index) that might account 

for the differences. Also, these studies, as well as the ones that have evaluated maternal 

mortality, have not been able to assess whether there are corresponding differences in the 

obstetric care that were received by women of different racial and ethnic status.

In this study, we have utilized data from an observational obstetric cohort designed to 

evaluate the quality of obstetric care in an effort to determine whether there are racial and 

ethnic differences in the frequency of three significant maternal morbidities (severe 

postpartum hemorrhage, peripartum infection, and severe perineal laceration), as well as 

differences in related obstetric care.
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Materials and Methods

Between 2008 and 2011, investigators at 25 medical centers of the Eunice Kennedy Shriver 

National Institute of Child Health and Human Development Maternal-Fetal Medicine Units 

(MFMU) Network assembled an observational obstetric cohort (i.e., the Assessment of 

Perinatal EXcellence (APEX) study) that included detailed information collected by trained 

and certified nurses on patient characteristics, intrapartum events, and pregnancy outcomes. 

Institutional review board approval for the study and a waiver of informed consent was 

obtained at all centers. Full details of the technique of data collection have been described 

previously (13,14).

Racial and ethnic status, as documented in patients’ charts, was recorded in the database. 

The present analysis excludes those women who had no race or ethnicity recorded, or whose 

race and ethnicity was categorized as “other.” All other women in the registry were included 

in the analysis, and had race and ethnicity categorized as Non-Hispanic white, Non-Hispanic 

black, Hispanic, or Asian. Characteristics of the population by race and ethnicity were 

assessed in univariable analysis using the chi-square test.

The frequency of severe postpartum hemorrhage (defined as estimated blood loss ≥ 1500cc 

at delivery or the immediate postpartum period, a blood transfusion, or a hysterectomy for 

hemorrhage, placenta accreta or atony), peripartum infection (defined as chorioamnionitis, 

endometritis, wound cellulitis requiring antibiotics, wound re-opened for fluid collection or 

infection, or wound dehiscence during the delivery hospitalization), and severe perineal 

laceration at spontaneous vaginal delivery (defined as a third or fourth degree laceration) 

were compared among the racial and ethnic groups. These outcomes were chosen given that 

they were the primary maternal morbidity outcomes in the APEX study, are acknowledged 

to be important health outcomes, and, as they may be modified by care within the health 

care system, have a conceptually plausible relationship with regard to racial disparities. In 

order to determine whether any noted racial and ethnic differences could be related to 

differences in demographic and historical characteristics other than race and ethnicity, we 

utilized multivariable logistic regression, with non-Hispanic white women as the referent, to 

adjust for patient characteristics, and to estimate whether the association between race and 

ethnicity and each outcome, presented as odds ratios with 95% confidence intervals, 

persisted. The multivariable models including patient factors were based on risk-adjusted 

models previously developed, using derivation and validation datasets, for the three maternal 

adverse outcomes (13). Another possible explanation for differences in morbidity could be 

that women of different race and ethnicity disproportionately receive care at certain 

institutions with different patterns of care or different frequencies of health outcomes 

(15,16). In order to evaluate this possibility, the hospital of delivery was added to the 

multivariable logistic regression models. In addition, the interaction between hospital of 

delivery and race and ethnicity was evaluated. Odds ratios and 95% confidence intervals for 

the association between race and ethnicity again were re-estimated.

Lastly, the association between types of obstetric care provided (e.g., episiotomy) and race 

and ethnicity was explored. Previous analyses in this cohort have demonstrated that, even 

after adjusting for patient, provider, and institutional factors, several types of obstetric care 
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are associated with postpartum hemorrhage, peripartum infection, and severe perineal 

laceration (14). The frequencies of these types of obstetric care were compared among the 

different racial and ethnic groups. Multivariable logistic regression was used to estimate the 

odds ratio and 95% confidence interval for the association between race and ethnicity and 

types of obstetric care, after controlling for differences in patient characteristics and hospital 

of delivery.

All tests were two tailed, p < .05 was used to define statistical significance for descriptive 

analyses, and p < .001 was used to account for multiple hypothesis testing of adverse 

maternal outcomes and types of obstetric care. No imputation for missing data was 

performed. All analyses were performed with SAS (SAS Institute, Cary, NC).

Results

During the study, 115,502 women delivered and their data were collected for the APEX 

study. Of these, 109,208 (95%) were classified according to one of the defined race and 

ethnicity categories and included in the present analysis. The study population was 48% (N 

= 52,040) non-Hispanic white, 22% (n = 23,878) non-Hispanic black, 25% (n = 27,291) 

Hispanic, and 5% (n = 5,999) Asian. There were multiple differences among women of 

different race and ethnicity with regard to their patient characteristics and medical history 

(table 1).

The frequency of adverse maternal outcomes, stratified by race and ethnicity, is presented in 

table 2. For each outcome, disparities by race and ethnicity existed, with non-Hispanic white 

women being least likely to experience severe postpartum hemorrhage or peripartum 

infection, and Asian women most likely to experience a severe perineal laceration at 

spontaneous vaginal delivery (P <.001 for all).

These racial and ethnic differences largely persisted after controlling for other differences in 

patient characteristics and hospital of delivery (table 2). Non-Hispanic black, Hispanic, and 

Asian women all had significantly greater odds of experiencing a severe postpartum 

hemorrhage or peripartum infection than non-Hispanic white women. Moreover, as the 

adjusted odds ratios demonstrate, the magnitude of the differences for severe postpartum 

hemorrhage and peripartum infection did not notably change from their unadjusted esimate 

even after patient characteristics and delivery hospital were included in the regression.

Disparities in the frequency of severe perineal laceration similarly persisted after 

adjustment, although the pattern of difference among the groups, as in the univariable 

analysis, was different than that observed for severe postpartum hemorrhage and peripartum 

infection. Compared with non-Hispanic white women, Asian women had significantly 

higher odds of laceration, while non-Hispanic black women had significantly lower odds of 

laceration. Of note, differences in patient characteristics appeared to explain some, but not 

all of the disparity, as the difference between non-Hispanic white and Hispanic women was 

no longer present, and the magnitude of the difference between non-Hispanic white and non-

Hispanic black women was attenuated and no longer significant at the p < .001 level after 
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adjustment for these characteristics. Interaction terms between each delivery hospital and 

race and ethnicity were examined and all were non-significant.

Racial and ethnic differences existed not only for adverse maternal outcomes, but for types 

of obstetric care previously shown (14) to be associated with these outcomes (table 3). The 

frequency of every type of care that was assessed varied, sometimes widely, among the 

different race and ethnicity groups. For example, Asian women were most likely to receive 

an episiotomy. Also, non-Hispanic white women were more likely to undergo labor 

induction compared with all the other race and ethnicity groups. The associations between 

race and ethnicity and types of care received generally persisted despite adjustment for 

patient characteristics or delivery hospital.

Discussion

In this analysis, we have demonstrated that racial and ethnic differences exist in the 

frequency of significant maternal morbidities. Specifically, severe postpartum hemorrhage 

and peripartum infection are least common among non-Hispanic white women while severe 

perineal lacerations are most common among Asian women. These differences do not 

appear to be explained by differences in other patient characteristics, such as parity, age, 

body mass index, or socioeconomic indicators such as insurance status. The differences also 

do not appear to be related to the possibility that women of a particular race and ethnicity are 

more likely to be admitted to hospitals with higher rates of these adverse outcomes. Indeed, 

as the non-significance of the interaction terms between race and ethnicity and hospitals 

demonstrate, the racial and ethnic differences are similar among all hospitals studied.

There has been a large body of work that has demonstrated racial and ethnic differences in 

obstetric mortality (3,7,8). There has been much less research into differences in maternal 

morbidities. The studies that do exist have demonstrated racial and ethnic differences in 

outcomes that are similar to the ones noted in the present analysis. As prior studies largely 

have been derived from administrative databases, which have not allowed detailed patient 

risk-adjustment or adjustment for admitting hospital, the potential for confounding for the 

racial and ethnic differences has remained (9–12). The present analysis, which has utilized 

data collected by direct chart abstraction by trained research personnel, suggests that the 

racial and ethnic differences in maternal morbidities that were observed cannot easily be 

explained by differences in other patient characteristics or the hospital in which care was 

provided.

This study also has shown that it is not just outcomes that differ among women of different 

race and ethnicity, but the frequencies of certain types of obstetric care as well. As one 

example, the frequency of receiving an episiotomy was significantly higher for Asian 

women. The reasons for this increased utilization are not clear, as other patient 

characteristics, such as BMI and parity, did not account for this difference. It is notable, 

however, that use of episiotomy has been associated with a greater chance of severe perineal 

lacerations (14,17,18) – which, in the present study, were most likely to be experienced by 

Asian women as well. The racial and ethnic differences in outcomes, the inability to explain 

these differences based on case-mix, and the observed differences in care processes that 
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have been related to those outcomes suggest that differences in care may be one explanation 

for the racial and ethnic differences in outcomes that was observed.

Nevertheless, the reason that there are racial differences in obstetric care is uncertain. Unlike 

cardiac catheterization, for which there are well-established guidelines with regard to the 

appropriateness of the procedure (1,2,16), many obstetric interventions (e.g., episiotomy, 

vaginal exams, delayed pushing) do not have guidelines that are as clear. Accordingly, 

whether these procedures were truly under or over utilized for a given group cannot be 

known. It is possible that our risk adjustment models did not include all observable patient 

characteristics that could confound the association between race and ethnicity and the 

outcome. Yet, these models were developed using derivation and validation datasets, 

considered a wide variety of factors plausibly related the outcomes, and produced area-

under-the curves of the receiver-operating characteristic curves that are similar to other 

accepted risk-adjustment models (13). Also, it is possible that there are differences in patient 

preferences or in unmeasured and non-modifiable patient factors that could explain the 

observed associations. Finally, it was not specified in patients’ charts how race and ethnicity 

was assigned and it remains unknown, for example, whether all assignments were based on 

self-identification. It is unknown whether further information about the method by which 

race and ethnicity was assigned would alter our findings.

Correspondingly, determining the origin of the racial and ethnic differences in maternal care 

and morbidity should be a priority. Maternal mortality has been rising in the United States 

and a persistent racial and ethnic gap remains (3,19). Obstetric morbidity, however, is much 

more frequent than obstetric mortality and can serve as a more readily accessible measure to 

identify quality improvement targets (20). Similarly, unexplained variation in health care 

processes (such as the frequency of admission in early labor or the delay in pushing in the 

second stage) may serve to highlight areas where determination of best practices and 

corresponding guidelines would be helpful. Such an approach may not only result in 

reductions in maternal morbidity, but ultimately, in maternal mortality as well.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The project described was supported by grants from the Eunice Kennedy Shriver National Institute of Child Health 
and Human Development (NICHD) [HD21410, HD27869, HD27915, HD27917, HD34116, HD34208, HD36801, 
HD40500, HD40512, HD40544, HD40545, HD40560, HD40485, HD53097, HD53118] and the National Center 
for Research Resources [UL1 RR024989; 5UL1 RR025764]. Comments and views of the authors do not 
necessarily represent views of the NICHD.

The authors thank Cynthia Milluzzi, RN, and Joan Moss, RNC, MSN, for protocol development and coordination 
between clinical research centers; Elizabeth Thom, PhD, for protocol/data management and statistical analysis; and 
Catherine Y. Spong, MD, for protocol development and oversight.

References

1. Institute of Medicine. Unequal Treatment: Confronting Racial and Ethnic Disparities in Health Care. 
Washington, DC: The National Academies Press; 2003. 

Grobman et al. Page 6

Obstet Gynecol. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Brown CP, Ross L, Lopez I, Thornton A, Kiros G. Disparities in the Receipt of Cardiac 
Revascularization Procedures between Blacks and Whites: an Analysis of Secular Trends. Ethn Dis. 
2008 Spring;18(S2):112–7.

3. Bryant AS, Worjoloh A, Caughey AB, Washington AE. Racial/Ethnic disparities in obstetrical 
outcomes and care: Prevalence and determinants. Am J Obstet Gynecol. 2010; 202:335–43. 
[PubMed: 20060513] 

4. Kung HC, Hoyert DL, Xu J, Murphy SL. Deaths: final data for 2005. Natl Vital Stat Rep. 2008; 
56:1–120. [PubMed: 18512336] 

5. Mathews TJ, Menacker F, MacDorman MF. Infant mortality statistics from the 2002 period linked 
birth/infant death data set. National Vital Statistics Reports. 2004; 53:1–29. [PubMed: 15622996] 

6. Willinger M, Ko C, Reddy U. Racial disparities in stillbirth risk across gestation in the United 
States. Am J Obstet Gynecol. 2009; 201:469.e1–469.e8. [PubMed: 19762004] 

7. Tucker MJ, Berg CJ, Callaghan WM, Hsia J. The Black-White disparity in pregnancy-related 
mortality from 5 conditions: differences in prevalence and case-fatality rates. Am J Public Health. 
2007; 97:247–51. [PubMed: 17194867] 

8. Roseberg D, Geller SE, Studee L, Cox SM. Disparities in mortality among high risk pregnant 
women in Illinois: a population based study. Ann Epidemiol. 2006; 16:26–32. [PubMed: 16023371] 

9. Guendelman S, Thornton D, Gould J, Hosang N. Obstetric complications during labor and delivery: 
assessing ethnic differences in California. Women’s Health Issues. 2006; 16:189–97. [PubMed: 
16920523] 

10. Goldberg J, Hyslop T, Tolosa JE, Sultana C. Racial differences in severe perineal lacerations after 
vaginal delivery. Am J Obstet Gynecol. 2003; 188:1063–7. [PubMed: 12712111] 

11. Combs C, Murphy E, Laros RJ. Factors associated with postpartum hemorrhage with vaginal birth. 
Obstet Gynecol. 1991; 77:69–76. [PubMed: 1984230] 

12. Bryant A, Mhyre JM, Leffert Hoban RA, Yakoob MY, Bateman BT. The association of maternal 
race and ethnicity and the risk of postpartum hemorrhage. Anesth Anal. 2012; 115:1127–36.

13. Bailit JL, Grobman WA, Rice MM, et al. Risk-adjusted models for adverse obstetric outcomes and 
variation in risk-adjusted outcomes across hospitals. Am J Obstet Gynecol. 2013; 209:446.e1–
446.e30. [PubMed: 23891630] 

14. Grobman WA, Bailit JL, Rice MM, et al. Can differences in obstetric outcomes be explained by 
differences in the care provided? The MFMU Network APEX study. Am J Obstet Gynecol. 2014 
Mar 12. pii: S0002-9378(14)00222-1. 10.1016/j.ajog.2014.03.017

15. Keating NL, Kouri E, He Y, Weeks JC, WIner EP. Racial differences in definitive breast cancer 
therapy in older women: are they explained by the hospitals where patients undergo surgery? Med 
Care. 2009; 47:765–73. [PubMed: 19536008] 

16. He D, Mellor JM, Jankowitz E. Racial and ethnic disparities in the surgical treatment of acute 
myocardial infarction: the role of hospital and physician effects. Med Care Res Rev. 2013; 
70:287–309. [PubMed: 23269575] 

17. Landy HJ, Laughon SK, Bailit JL, et al. Characteristics associated with severe perineal and 
cervical lacerations during vaginal delivery. Obstet Gynecol. 2011; 117:627–35. [PubMed: 
21343766] 

18. Hamilton EF, Smith S, Yang L, Warrick P, Ciampi A. Third- and fourth-degree perineal 
lacerations: defining high-risk clinical clusters. Am J Obstet Gynecol. 2011; 204:309.e1–6. 
[PubMed: 21349493] 

19. D’Alton ME, Bonanno CA, Berkowitz RL, et al. Putting the “M” back in maternal-fetal medicine. 
Am J Obstet Gynecol. 2013; 208:442–8. [PubMed: 23211544] 

20. Callaghan WM, Grobman WA, Kilpatrick SJ, Main EK, D’Alton M. Facility-based identification 
of women with severe maternal morbidity: it is time to start. Obstet Gynecol. 2014; 123:978–81. 
[PubMed: 24785849] 

Grobman et al. Page 7

Obstet Gynecol. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grobman et al. Page 8

T
ab

le
 1

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
by

 R
ac

e 
an

d 
E

th
ni

ci
ty N

o.
 (

%
) 

in
 N

on
-H

is
pa

ni
c 

w
hi

te
n=

52
04

0
N

o.
 (

%
) 

in
 N

on
-H

is
pa

ni
c 

bl
ac

k
n=

23
87

8
N

o.
 (

%
) 

in
 H

is
pa

ni
c

n=
27

29
1

N
o.

 (
%

) 
in

 A
si

an
n=

59
99

P
-V

al
ue

M
at

er
na

l c
ha

ra
ct

er
is

tic
s

A
ge

, y
<

.0
01

 
<

 2
0

21
80

 (
4.

2)
41

47
 (

17
.4

)
33

05
 (

12
.1

)
76

 (
1.

3)

 
20

–2
4.

9
79

11
 (

15
.2

)
75

50
 (

31
.6

)
71

94
 (

26
.4

)
43

3 
(7

.2
)

 
25

–2
9.

9
14

53
1 

(2
7.

9)
57

35
 (

24
.0

)
75

28
 (

27
.6

)
17

14
 (

28
.6

)

 
30

–3
4.

9
16

78
1 

(3
2.

3)
39

70
 (

16
.6

)
57

59
 (

21
.1

)
23

44
 (

39
.1

)

 
≥3

5
10

63
7 

(2
0.

4)
24

76
 (

10
.4

)
35

05
 (

12
.8

)
14

32
 (

23
.9

)

B
od

y 
m

as
s 

in
de

x 
at

 d
el

iv
er

y,
 k

g/
m

2a
<

.0
01

 
<

 2
5

69
83

 (
13

.6
)

27
19

 (
11

.5
)

24
05

 (
9.

2)
13

46
 (

22
.8

)

 
25

–2
9.

9
20

41
1 

(3
9.

7)
66

40
 (

28
.1

)
88

89
 (

34
.1

)
29

62
 (

50
.2

)

 
30

–3
4.

9
14

03
3 

(2
7.

3)
63

49
 (

26
.8

)
87

18
 (

33
.5

)
12

32
 (

20
.9

)

 
35

–3
9.

9
60

16
 (

11
.7

)
40

90
 (

17
.3

)
39

39
 (

15
.1

)
26

6 
(4

.5
)

 
≥4

0
39

74
 (

7.
7)

38
61

 (
16

.3
)

20
89

 (
8.

0)
91

 (
1.

5)

C
ig

ar
et

te
 u

se
 d

ur
in

g 
pr

eg
na

nc
y

63
66

 (
12

.3
)

37
08

 (
15

.6
)

86
5 

(3
.2

)
90

 (
1.

5)
<

.0
01

C
oc

ai
ne

 o
r 

m
et

ha
m

ph
et

am
in

e 
us

e 
du

ri
ng

 p
re

gn
an

cy
41

7 
(0

.8
)

27
8 

(1
.2

)
99

 (
0.

4)
2 

(0
.0

)
<

.0
01

In
su

ra
nc

e 
st

at
us

<
.0

01

 
U

ni
ns

ur
ed

 o
r 

se
lf

-p
ay

12
91

 (
2.

5)
12

53
 (

5.
3)

87
54

 (
32

.5
)

30
6 

(5
.1

)

 
G

ov
er

nm
en

t-
as

si
st

ed
11

17
6 

(2
1.

6)
16

44
0 

(6
9.

1)
13

97
6 

(5
1.

8)
10

16
 (

17
.0

)

 
Pr

iv
at

e
39

19
9 

(7
5.

9)
61

00
 (

25
.6

)
42

30
 (

15
.7

)
46

45
 (

77
.8

)

Pr
en

at
al

 c
ar

ea
49

11
4 

(9
8.

9)
21

47
2 

(9
5.

7)
25

63
7 

(9
7.

9)
56

47
 (

99
.1

)
<

.0
01

Obstet Gynecol. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grobman et al. Page 9

N
o.

 (
%

) 
in

 N
on

-H
is

pa
ni

c 
w

hi
te

n=
52

04
0

N
o.

 (
%

) 
in

 N
on

-H
is

pa
ni

c 
bl

ac
k

n=
23

87
8

N
o.

 (
%

) 
in

 H
is

pa
ni

c
n=

27
29

1
N

o.
 (

%
) 

in
 A

si
an

n=
59

99
P

-V
al

ue

O
bs

te
tr

ic
 h

is
to

ry
<

.0
01

 
N

ul
lip

ar
ou

s
23

10
6 

(4
4.

4)
93

63
 (

39
.2

)
83

12
 (

30
.5

)
30

78
 (

51
.3

)

 
Pr

io
r 

va
gi

na
l d

el
iv

er
y 

on
ly

21
01

9 
(4

0.
4)

10
57

3 
(4

4.
3)

13
78

5 
(5

0.
5)

20
62

 (
34

.4
)

 
Pr

io
r 

ce
sa

re
an

 o
nl

y
39

39
 (

7.
6)

14
47

 (
6.

1)
25

41
 (

9.
3)

46
6 

(7
.8

)

 
Pr

io
r 

ce
sa

re
an

 a
nd

 v
ag

in
al

39
66

 (
7.

6)
24

86
 (

10
.4

)
26

44
 (

9.
7)

39
3 

(6
.6

)

A
ny

 h
yp

er
te

ns
io

n
57

01
 (

11
.0

)
39

15
 (

16
.4

)
27

06
 (

9.
9)

33
6 

(5
.6

)
<

.0
01

D
ia

be
te

s 
m

el
lit

us
<

.0
01

 
N

on
e

48
75

1 
(9

3.
7)

22
23

1 
(9

3.
2)

24
67

4 
(9

0.
5)

52
62

 (
87

.8
)

 
G

es
ta

tio
na

l
26

07
 (

5.
0)

11
53

 (
4.

8)
21

54
 (

7.
9)

66
5 

(1
1.

1)

 
Pr

eg
es

ta
tio

na
l

66
0 

(1
.3

)
48

3 
(2

.0
)

44
2 

(1
.6

)
68

 (
1.

1)

A
nt

ic
oa

gu
la

nt
 u

se
 d

ur
in

g 
pr

eg
na

nc
y

56
8 

(1
.1

)
19

0 
(0

.8
)

91
 (

0.
3)

22
 (

0.
4)

<
.0

01

M
ul

tip
le

 g
es

ta
tio

n
16

03
 (

3.
1)

49
7 

(2
.1

)
37

0 
(1

.4
)

14
5 

(2
.4

)
<

.0
01

Po
ly

hy
dr

am
ni

os
47

8 
(0

.9
)

19
5 

(0
.8

)
18

3 
(0

.7
)

45
 (

0.
8)

.0
03

Pl
ac

en
ta

 p
re

vi
a

22
7 

(0
.4

)
70

 (
0.

3)
85

 (
0.

3)
44

 (
0.

7)
<

.0
01

Pl
ac

en
ta

 a
cc

re
ta

80
 (

0.
2)

28
 (

0.
1)

29
 (

0.
1)

7 
(0

.1
)

.2
9

Pl
ac

en
ta

l a
br

up
tio

n
41

5 
(0

.8
)

19
1 

(0
.8

)
18

9 
(0

.7
)

68
 (

1.
1)

.0
06

PR
O

M
 o

r 
PP

R
O

M
a

27
92

 (
5.

5)
13

99
 (

6.
0)

11
62

 (
4.

3)
27

1 
(4

.6
)

<
.0

01

G
B

S 
st

at
us

<
.0

01

 
N

eg
at

iv
e

34
77

4 
(6

6.
8)

11
62

3 
(4

8.
7)

14
29

9 
(5

2.
4)

41
58

 (
69

.3
)

 
Po

si
tiv

e
11

08
0 

(2
1.

3)
70

77
 (

29
.6

)
38

66
 (

14
.2

)
10

60
 (

17
.7

)

 
U

nk
no

w
n

61
86

 (
11

.9
)

51
78

 (
21

.7
)

91
26

 (
33

.4
)

78
1 

(1
3.

0)

Obstet Gynecol. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grobman et al. Page 10

N
o.

 (
%

) 
in

 N
on

-H
is

pa
ni

c 
w

hi
te

n=
52

04
0

N
o.

 (
%

) 
in

 N
on

-H
is

pa
ni

c 
bl

ac
k

n=
23

87
8

N
o.

 (
%

) 
in

 H
is

pa
ni

c
n=

27
29

1
N

o.
 (

%
) 

in
 A

si
an

n=
59

99
P

-V
al

ue

N
eo

na
ta

l c
ha

ra
ct

er
is

ti
cs

 (
on

 m
at

er
na

l l
ev

el
, a

cc
or

di
ng

 t
o 

fi
rs

t 
bo

rn
 in

 m
ul

ti
pl

e 
ge

st
at

io
ns

)

Pr
es

en
ta

tio
n 

at
 d

el
iv

er
y

<
.0

01

 
V

er
te

x
49

10
6 

(9
4.

7)
22

81
3 

(9
5.

8)
26

11
0 

(9
5.

8)
56

99
 (

95
.3

)

 
B

re
ec

h
25

25
 (

4.
9)

85
7 

(3
.6

)
94

6 
(3

.5
)

24
2 

(4
.1

)

 
N

on
 b

re
ec

h 
m

al
pr

es
en

ta
tio

n
24

9 
(0

.5
)

15
4 

(0
.7

)
19

0 
(0

.7
)

40
 (

0.
7)

G
es

ta
tio

na
l a

ge
 a

t d
el

iv
er

y,
 w

ee
ks

<
.0

01

 
23

0 –
27

6
41

2 
(0

.8
)

38
2 

(1
.6

)
18

0 
(0

.7
)

33
 (

0.
6)

 
28

0 –
33

6
15

89
 (

3.
1)

10
54

 (
4.

4)
60

2 
(2

.2
)

10
5 

(1
.8

)

 
34

0 –
36

6
39

84
 (

7.
7)

22
02

 (
9.

2)
18

81
 (

6.
9)

40
7 

(6
.8

)

 
37

0 –
37

6
44

96
 (

8.
6)

24
97

 (
10

.5
)

23
85

 (
8.

7)
50

9 
(8

.5
)

 
38

0 –
38

6
85

64
 (

16
.5

)
42

50
 (

17
.8

)
52

51
 (

19
.2

)
12

07
 (

20
.1

)

 
39

0 –
39

6
17

94
1 

(3
4.

5)
68

33
 (

28
.6

)
87

06
 (

31
.9

)
20

95
 (

34
.9

)

 
40

0 –
40

6
10

76
0 

(2
0.

7)
46

81
 (

19
.6

)
57

57
 (

21
.1

)
12

94
 (

21
.6

)

 
41

0 –
41

6
40

87
 (

7.
9)

18
51

 (
7.

8)
22

60
 (

8.
3)

33
1 

(5
.5

)

 
≥ 

42
0

20
7 

(0
.4

)
12

8 
(0

.5
)

26
9 

(1
.0

)
18

 (
0.

3)

B
ir

th
w

ei
gh

t, 
g

<
.0

01

 
<

 2
50

0
43

28
 (

8.
3)

33
18

 (
13

.9
)

18
70

 (
6.

9)
48

0 
(8

.0
)

 
25

00
–3

99
9

42
58

6 
(8

1.
8)

19
52

2 
(8

1.
8)

23
11

2 
(8

4.
7)

52
44

 (
87

.4
)

 
≥4

00
0

51
21

 (
9.

8)
10

32
 (

4.
3)

23
03

 (
8.

4)
27

4 
(4

.6
)

Si
ze

 f
or

 g
es

ta
tio

na
l a

ge
<

.0
01

 
Sm

al
l

48
68

 (
9.

4)
21

91
 (

9.
2)

23
95

 (
8.

8)
66

9 
(1

1.
2)

 
A

pp
ro

pr
ia

te
43

15
3 

(8
2.

9)
19

96
5 

(8
3.

6)
22

44
6 

(8
2.

3)
49

74
 (

82
.9

)

Obstet Gynecol. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grobman et al. Page 11

N
o.

 (
%

) 
in

 N
on

-H
is

pa
ni

c 
w

hi
te

n=
52

04
0

N
o.

 (
%

) 
in

 N
on

-H
is

pa
ni

c 
bl

ac
k

n=
23

87
8

N
o.

 (
%

) 
in

 H
is

pa
ni

c
n=

27
29

1
N

o.
 (

%
) 

in
 A

si
an

n=
59

99
P

-V
al

ue

 
L

ar
ge

40
14

 (
7.

7)
17

16
 (

7.
2)

24
44

 (
9.

0)
35

5 
(5

.9
)

PR
O

M
 =

 p
re

m
at

ur
e 

ru
pt

ur
e 

of
 m

em
br

an
es

; P
PR

O
M

 =
 p

re
te

rm
 p

re
m

at
ru

re
 r

up
tu

re
 o

f 
m

em
br

an
es

; G
B

S 
=

 g
ro

up
 B

 s
tr

ep
to

co
cc

us
.

a N
 =

 1
07

,0
13

 w
ith

 b
od

y 
m

as
s 

in
de

x 
da

ta
; N

 =
 1

04
,0

09
 w

ith
 p

re
na

ta
l c

ar
e 

vi
si

t d
at

a;
 N

 =
 1

07
,3

12
 w

ith
 P

R
O

M
/P

PR
O

M
 d

at
a.

Obstet Gynecol. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grobman et al. Page 12

Table 2

Associations Between Race and Ethnicity and Adverse Maternal Outcomes*

Non-Hispanic white Non-Hispanic black Hispanic Asian

Postpartum hemorrhagea

N (%) 805 (1.6) 702 (3.0) 827 (3.1) 130 (2.2)

Unadjusted OR (95% CI) 1.00 (ref) 1.89 (1.70–2.09) 1.94 (1.76–2.14) 1.38 (1.15–1.67)

Adjusted OR (95% CI)b 1.00 (ref) 1.87 (1.65–2.12) 2.07 (1.83–2.36) 1.49 (1.21–1.84)

Adjusted OR (95% CI)c 1.00 (ref) 1.71 (1.49–1.96) 1.51 (1.31–1.74) 1.54 (1.24–1.91)

Peripartum infectiona

N (%) 2119 (4.1) 1169 (4.9) 1744 (6.4) 374 (6.2)

Unadjusted OR (95% CI) 1.00 (ref) 1.21 (1.13–1.31) 1.61 (1.51–1.72) 1.57 (1.40–1.75)

Adjusted OR (95% CI)d 1.00 (ref) 1.13 (1.03–1.23) 1.69 (1.56–1.85) 1.59 (1.41–1.79)

Adjusted OR (95% CI)c 1.00 (ref) 1.25 (1.14–1.38) 1.45 (1.32–1.59) 1.62 (1.43–1.84)

Severe perineal laceration at SVDe

N (%) 780 (2.5) 174 (1.2) 256 (1.5) 189 (5.5)

Unadjusted OR (95% CI) 1.00 (ref) 0.47 (0.40–0.56) 0.57 (0.49–0.66) 2.26 (1.92–2.67)

Adjusted OR (95% CI)f 1.00 (ref) 0.79 (0.65–0.95) 0.84 (0.70–1.01) 1.97 (1.66–2.34)

Adjusted OR (95% CI)c 1.00 (ref) 0.76 (0.62–0.93) 0.86 (0.70–1.05) 2.06 (1.72–2.47)

SVD = spontaneous vaginal delivery

*
Odds ratios significant at P<.001 are indicated in bold.

a
In all patients.

b
Adjusted for patient characteristics (age, diabetes mellitus, any hypertension, birthweight, prenatal care, obstetric history, multiple gestation, 

abruption, previa, accreta, anticoagulant use during pregnancy, insurance status)

c
Adjusted for patient characteristics and hospital (fixed)

d
Adjusted for patient characteristics (age, body mass index at delivery, diabetes mellitus, premature rupture of membranes or preterm prematrure 

rupture of membranes, cigarette use during pregnancy, gestational age at delivery, obstetric history, group B streptococcus status, insurance status)

e
In patients with a singleton delivery and no shoulder dystocia or placenta previa.

f
Adjusted for patient characteristics (age, body mass index at delivery, cigarette use during pregnancy, bithweight, prior vaginal delivery, insurance 

status)
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Table 3

Associations Between Race and Ethnicity and Types of Obstetric Care*

Non-Hispanic white Non-Hispanic black Hispanic Asian

Labor inductiona

N (%) 16400 (32.1) 6597 (28.3) 6123 (23.0) 1389 (23.7)

Unadjusted OR (95% CI) 1.00 (ref) 0.83 (0.80–0.86) 0.63 (0.61–0.65) 0.66 (0.62–0.70)

Adjusted OR (95% CI)b 1.00 (ref) 0.83 (0.80–0.87) 0.68 (0.65–0.71) 0.68 (0.64–0.73)

Adjusted OR (95% CI)c 1.00 (ref) 0.88 (0.84–0.92) 0.67 (0.64–0.70) 0.74 (0.69–0.80)

Dilation ≤2 cm at admissiond

N (%) 2804 (15.4) 1451 (14.6) 1534 (11.7) 425 (16.3)

Unadjusted OR (95% CI) 1.00 (ref) 0.94 (0.88–1.01) 0.73 (0.68–0.78) 1.07 (0.95–1.19)

Adjusted OR (95% CI)b 1.00 (ref) 1.12 (1.04–1.22) 0.93 (0.85–1.01) 0.98 (0.87–1.10)

Adjusted OR (95% CI)c 1.00 (ref) 1.10 (1.00–1.21) 0.87 (0.79–0.96) 0.80 (0.71–0.91)

Maximum oxytocin ≥20 mU/mine

N (%) 5582 (20.2) 2853 (23.1) 2342 (19.5) 443 (14.5)

Unadjusted OR (95% CI) 1.00 (ref) 1.19 (1.13–1.25) 0.96 (0.91–1.01) 0.67 (0.60–0.75)

Adjusted OR (95% CI)b 1.00 (ref) 0.97 (0.91–1.03) 0.84 (0.79–0.90) 0.73 (0.65–0.81)

Adjusted OR (95% CI)c 1.00 (ref) 0.90 (0.84–0.96) 0.79 (0.73–0.85) 0.80 (0.71–0.90)

≥80% of labor augmented with oxytocinf

N (%) 3043 (12.1) 1415 (11.0) 1363 (8.5) 390 (11.2)

Unadjusted OR (95% CI) 1.00 (ref) 0.90 (0.84–0.96) 0.67 (0.63–0.72) 0.92 (0.82–1.02)

Adjusted OR (95% CI)b 1.00 (ref) 0.95 (0.87–1.02) 0.89 (0.81–0.97) 0.97 (0.86–1.09)

Adjusted OR (95% CI)c 1.00 (ref) 0.91 (0.84–1.00) 0.91 (0.83–1.00) 1.11 (0.98–1.26)

≥1 hour between complete dilation and initiation of pushingg

N (%) 3111 (11.4) 685 (6.2) 854 (6.5) 476 (14.7)

Unadjusted OR (95% CI) 1.00 (ref) 0.51 (0.47–0.55) 0.54 (0.50–0.58) 1.34 (1.21–1.49)

Adjusted OR (95% CI)h 1.00 (ref) 0.67 (0.61–0.74) 0.82 (0.74–0.90) 1.23 (1.10–1.37)

Adjusted OR (95% CI)c 1.00 (ref) 0.85 (0.76–0.94) 0.92 (0.83–1.02) 1.13 (1.00–1.27)

<1 vaginal examination per every 3 hours in first stagei

N (%) 6578 (17.7) 3999 (23.7) 3574 (19.0) 846 (19.3)

Unadjusted OR (95% CI) 1.00 (ref) 1.44 (1.38–1.51) 1.09 (1.04–1.14) 1.11 (1.03–1.20)

Adjusted OR (95% CI)b 1.00 (ref) 1.42 (1.34–1.50) 1.30 (1.22–1.38) 1.15 (1.05–1.25)

Adjusted OR (95% CI)c 1.00 (ref) 1.03 (0.97–1.10) 0.81 (0.76–0.86) 0.90 (0.83–0.99)

Vaginal deliveryj

N (%) 35632 (68.5) 16075 (67.3) 19234 (70.5) 3993 (66.6)

Unadjusted OR (95% CI) 1.00 (ref) 0.95 (0.92–0.98) 1.10 (1.07–1.14) 0.92 (0.87–0.97)
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Non-Hispanic white Non-Hispanic black Hispanic Asian

Adjusted OR (95% CI)b 1.00 (ref) 0.84 (0.80–0.88) 0.96 (0.91–1.01) 0.83 (0.78–0.89)

Adjusted OR (95% CI)c 1.00 (ref) 0.87 (0.83–0.91) 1.06 (1.01–1.12) 0.96 (0.89–1.03)

Episiotomyk

N (%) 4690 (13.6) 767 (4.9) 996 (5.3) 936 (24.0)

Unadjusted OR (95% CI) 1.00 (ref) 0.33 (0.30–0.36) 0.36 (0.33–0.38) 2.02 (1.86–2.19)

Adjusted OR (95% CI)b 1.00 (ref) 0.49 (0.45–0.54) 0.62 (0.57–0.68) 1.78 (1.63–1.94)

Adjusted OR (95% CI)c 1.00 (ref) 0.62 (0.56–0.68) 0.63 (0.58–0.70) 1.39 (1.26–1.54)

General anesthesia at cesareanl

N (%) 733 (4.5) 659 (8.5) 396 (4.9) 79 (3.9)

Unadjusted OR (95% CI) 1.00 (ref) 1.97 (1.77–2.20) 1.10 (0.97–1.25) 0.88 (0.69–1.11)

Adjusted OR (95% CI)h 1.00 (ref) 1.41 (1.24–1.61) 0.95 (0.81–1.10) 1.05 (0.82–1.34)

Adjusted OR (95% CI)c 1.00 (ref) 1.19 (1.04–1.37) 0.87 (0.73–1.03) 1.08 (0.83–1.39)

*
Odds ratios significant at P<.001 are indicated in bold

a
In patients with no previa and no history of classical, T, or J cesarean.

b
Adjusted for patient characteristics (age, body mass index at delivery, diabetes mellitus, premature rupture of membranes or preterm prematrure 

rupture of membranes, cigarette use during pregnancy, gestational age at delivery, obstetric history, group B streptococcus status, insurance status)

c
Adjusted for patient characteristics and hospital (fixed)

d
In patients at term with intact membranes and spontaneous intended labor with no previa and cervical dilation measured within one hour before or 

after L&D admission.

e
In patients who received oxytocin in labor.

f
In patients with spontaneous intended labor admitted to L&D before delivery.

g
In patients who reached complete after intended labor.

h
Adjusted for patient characteristics (age, diabetes mellitus, any hypertension, birthweight, prenatal care, obstetric history, multiple gestation, 

abruption, previa, accreta, anticoagulant use during pregnancy, insurance status).

i
In patients with intended labor managed in hospital for greater than 1 hour during first stage.

j
In all patients.

k
In patients with a vaginal delivery and no shoulder dystocia.

l
In patients with a cesarean delivery.
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