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THE NUMBER OF STILLBIRTHS (FE-
tal deaths at �20 weeks’ ges-
tation) is nearly equal to the
number of infant deaths in the

United States (25 894 vs 28 384 in
2005).1 Although rates of stillbirth de-
creased in the first part of the 20th cen-
tury, rates have been relatively stable
over the past few decades.2 Racial/
ethnic disparities have been reported,
with stillbirth rates among non-
Hispanic blacks being twice those
among non-Hispanic whites.2

Most studies of risk factors for still-
birth use vital statistics with limited
data. The Stillbirth Collaborative Re-
search Network was created to con-
duct a detailed, population-based study
of stillbirth in selected areas of the
United States, with one of the a priori
objectives to determine risk factors for
stillbirth and reasons for racial dispari-
ties. Many of the factors associated with
stillbirth need to be addressed early in
pregnancy. Although other factors may
be important later in pregnancy, clini-
cians providing obstetrical care fre-
quently spend relatively more time at
the initial visits counseling patients re-
garding their risk of adverse preg-
nancy outcomes. We focused this ini-
tial report on factors that could be
ascertained at the start of pregnancy to
provide the clinician and patient with
population-based data applicable to the
first prenatal visits. A subsequent re-
port will address pregnancy predic-
tors of stillbirth risk.

METHODS
Study Design
The overall design and methods of the
study have been reported.3 The study
population consisted of residents in 5
geographic catchment areas defined a
priori by county lines. Study partici-See also pp 2459 and 2506.
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Context Stillbirths account for almost half of US deaths from 20 weeks’ gestation to
1 year of life. Most large studies of risk factors for stillbirth use vital statistics with lim-
ited data.

Objective To determine the relation between stillbirths and risk factors that could
be ascertained at the start of pregnancy, particularly the contribution of these factors
to racial disparities.

Design, Setting, and Participants Multisite population-based case-control study
conducted between March 2006 and September 2008. Fifty-nine US tertiary care and
community hospitals, with access to at least 90% of deliveries within 5 catchment areas
defined by state and county lines, enrolled residents with deliveries of 1 or more still-
born fetuses and a representative sample of deliveries of only live-born infants, over-
sampled for those at less than 32 weeks’ gestation and those of African descent.

Main Outcome Measure Stillbirth.

Results Analysis included 614 case and 1816 control deliveries. In multivariate analy-
ses, the following factors were independently associated with stillbirth: non-Hispanic
black race/ethnicity (23.1% stillbirths, 11.2% live births) (vs non-Hispanic whites; ad-
justed odds ratio [AOR], 2.12 [95% CI, 1.41-3.20]); previous stillbirth (6.7% still-
births, 1.4% live births); nulliparity with (10.5% stillbirths, 5.2% live births) and with-
out (34.0% stillbirths, 29.7% live births) previous losses at fewer than 20 weeks’ gestation
(vs multiparity without stillbirth or previous losses; AOR, 5.91 [95% CI, 3.18-11.00];
AOR, 3.13 [95% CI, 2.06-4.75]; and AOR, 1.98 [95% CI, 1.51-2.60], respectively);
diabetes (5.6% stillbirths, 1.6% live births) (vs no diabetes; AOR, 2.50 [95% CI, 1.39-
4.48]); maternal age 40 years or older (4.5% stillbirths, 2.1% live births) (vs age 20-34
years; AOR, 2.41 [95% CI, 1.24-4.70]); maternal AB blood type (4.9% stillbirths, 3.0%
live births) (vs type O; AOR, 1.96 [95% CI, 1.16-3.30]); history of drug addiction (4.5%
stillbirths, 2.1% live births) (vs never use; AOR, 2.08 [95% CI, 1.12-3.88]); smoking
during the 3 months prior to pregnancy (�10 cigarettes/d, 10.0% stillbirths, 6.5%
live births) (vs none; AOR, 1.55 [95% CI, 1.02-2.35]); obesity/overweight (15.5%
stillbirths, 12.4% live births) (vs normal weight; AOR, 1.72 [95% CI, 1.22-2.43]);
not living with a partner (25.4% stillbirths, 15.3% live births) (vs married; AOR, 1.62
[95% CI, 1.15-2.27]); and plurality (6.4% stillbirths, 1.9% live births) (vs singleton;
AOR, 4.59 [95% CI, 2.63-8.00]). The generalized R2 was 0.19, explaining little of the
variance.

Conclusion Multiple risk factors that would have been known at the time of preg-
nancy confirmation were associated with stillbirth but accounted for only a small amount
of the variance in this outcome.
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pants were recruited at delivery from
59 community and academic hospi-
tals, urban and rural, with an average
of 80 000 deliveries per year. Based on
prestudy vital statistics data, these hos-
pitals were projected to provide ac-
cess to at least 90% of stillbirths and
90% of live births for residents within
each catchment area.

Participants were enrolled between
March 2006 and September 2008.
Catchment-area residents who were at
least 13 years of age and nonincarcer-
ated were potentially eligible for the
study. All eligible women whose deliv-
ery resulted in 1 or more stillborn fe-
tuses, and a representative sample of eli-
gible women whose delivery resulted in
only live-born infants, supplemented by
oversampling of women delivering at
less than 32 weeks’ gestation and those
of African descent delivering at 32 weeks’
gestation or greater, were approached for
enrollment.3 A stillborn fetus was de-
fined by Apgar scores of 0 at 1 and 5 min-
utes and no signs of life by direct obser-
vation. Deliveries resulting from the
termination of a live fetus were ex-
cluded. Gestational age was deter-
mined by the best clinical estimate using
multiple sources, including informa-
tion from assisted reproduction, last
menstrual period, and obstetrical sono-
grams.4 Fetal deaths at 18 or 19 weeks
without good dating were also in-
cluded so that stillbirths beyond 20
weeks but with incorrect dating para-
meters could be enrolled.

The protocol included an in-
hospital interview, medical record ab-
straction, placental pathology exami-
nation,5 and biospecimen collection for
cases and controls. For stillbirths, a
standardized postmortem examina-
tion was also performed.6,7

The study was approved by the in-
stitutional review boards of the clini-
cal sites and associated hospitals and the
data coordinating center. A limited
Health Insurance Portability and Ac-
countability Act waiver was obtained for
surveillance, screening, and minimal
data collection from potential partici-
pants. An advisory board reviewed the
progress and safety of the study. All par-

ticipants provided written informed
consent.

Statistical Methods
Pregnancy, defined as a case if there were
any stillbirths delivered and as a con-
trol if all live births were delivered, was
the unit of analysis. For this analysis,
cases and controls were excluded if the
maternal interview or prenatal chart ab-
straction was missing. The main analy-
sis compared all cases with all controls.
To examine risk factors among poten-
tially viable cases and controls not
known to be at high risk of stillbirth, fur-
ther analyses were performed in 2 sub-
groups: all deliveries at 24 weeks’ ges-
tation or greater and deliveries at 24
weeks’ gestation or greater after exclu-
sion of intrapartum stillbirths, mul-
tiple gestations, and major congenital
anomalies. The anomalies excluded in
subgroup analysis are listed in eTable 1
available at http://www.jama.com.

A number of demographic and
prepregnancy variables, including so-
ciodemographic, medical and physi-
ological, psychosocial, and reproduc-
tive history variables, were selected for
analysis based on their potential asso-
ciation with stillbirth. A composite
pregnancy history variable was con-
structed, with categories for nullipa-
rous with and without prior spontane-
ous loss and for multiparous with no
previous spontaneous loss, with spon-
taneous losses at less than 20 weeks’
gestation only, and with prior still-
birth. When data were available from
multiple sources, we developed deci-
sion criteria to prioritize information.
In general, we prioritized data from the
maternal interview regarding sociode-
mographic information and substance
use, and data from the chart abstrac-
tion regarding medical information. Ma-
ternal race/ethnicity was self-reported
in response to prespecified options pro-
vided by the investigators and evalu-
ated because of known associations
with stillbirth.

It was anticipated that approxi-
mately 1000 stillbirths would be iden-
tified across the 5 catchment areas over
a 2-year period and that 700 would

enroll. Sample-size considerations were
directed at the number of live-birth con-
trols needed, given the number of still-
births to be studied. A sampling strat-
egy was developed to produce a sample
size of approximately 2:1 live births at
32 weeks’ gestation or greater per still-
birth, with oversampling of live births
in certain subgroups to ensure ad-
equate numbers for stratified analy-
ses. The planned sample size for con-
trols was approximately 1400.
Minimum detectible odds ratios (ORs)
for 700 stillbirths and 1400 controls
with 80% power and a 2-sided �=.05
are 1.3 at 50% exposure prevalence in
the controls, 1.4 at 20%, 1.5 at 10%, 1.7
at 5%, and 2.7 at 1%.

The analyses were weighted for over-
sampling and other aspects of the study
design as well as for differential con-
sent based on characteristics recorded
in the screened population.3 Analyses
were performed using SUDAAN ver-
sion 10.0.8 Crude ORs and adjusted ORs
(AORs) and 95% confidence intervals
were calculated from univariate and
multivariable logistic models. All tests
were performed at a nominal signifi-
cance level of �=.05. All tests with a
single degree of freedom were 2-sided.

Multivariable models included vari-
ables with P� .20 for univariate asso-
ciation with stillbirth (overall or within
the subgroups), after excluding vari-
ables missing for more than 5% of par-
ticipants (paternal education, human
immunodeficiency virus [HIV], hepa-
titis B, hepatitis C) or that were sparse
in 1 or more response categories (HIV,
hepatitis B, hepatitis C, hemoglobinop-
athy, syphilis). The multivariable mod-
els included adjustment for clinical site.
A generalized R2 statistic was com-
puted for each multivariable logistic
model using the Cox and Snell9 coef-
ficient of determination for logistic re-
gression, scaled to a range of 0 to 1.

Positive and negative likelihood ra-
tios (LRs) were computed for factors
with an OR greater than 2.0 in any of
the multivariable analyses. Each of these
factors was dichotomized. Likelihood
ratios for each single variable and for
combinations of 2 were calculated.
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A positive LR between 2 and 5 (nega-
tive LR between 0.5 and 0.2) yields a
small increase (decrease) in the post-
test probability of disease; between 5
and 10 (0.2 and 0.1), a moderate in-
crease (decrease); and greater than 10
(�0.1), a large increase (decrease).10,11

A woman could be enrolled in the
study more than once during the 2.5
years of recruitment. For simplicity, the
primary analysis treated each preg-
nancy as an independent observation.
However, analyses were conducted to
account for correlation between preg-
nancies in women who were enrolled
twice and to confirm conclusions from
the primary analysis.

RESULTS
Study surveillance identified 953 de-
liveries with stillbirth; in 70%, the
mother provided consent for enroll-
ment. Of the 3088 eligible live-birth de-
liveries, the mother provided consent
in 63%. This resulted in a total of 663
stillbirth pregnancies (cases) and 1932
live-birth pregnancies (controls) in the
study (FIGURE).

eTable 2 presents characteristics of
eligible women by enrollment status.
Women with stillbirths who did not en-
roll in the study (n=290) did not dif-
fer from those enrolled according to ma-
ternal age, maternal race/ethnicity,
insurance and method of payment, and
gestational age at delivery. Women with
live births who did not enroll in the
study (n=1156) did not differ from
those enrolled according to maternal
age and insurance/method of pay-
ment. However, nonenrolled women
differed from those enrolled by mater-
nal race/ethnicity and gestational age at
delivery.

TABLE 1 (and eTable 2) shows un-
weighted and weighted distributions for
the enrolled women based on whether
they were included in the analysis or ex-
cluded because of missing data. The
weighted total number of enrolled con-
trol pregnancies was 1439. This is
smaller than the unweighted number
(1932) because of the down-weighting
of oversampled groups. Of pregnancies
enrolled, 49 cases (7.4%) and 116 con-

trols (6.0%) (weighted, 49 cases [7.4%]
and 85 controls [6.3%]) were excluded
from the analysis because of missing ma-
ternal interview or prenatal chart ab-
straction. Women excluded did not dif-
fer significantly from those included by
maternal age, insurance status, or ges-
tational age. Maternal race/ethnicity were
similar among excluded and included
pregnancies with stillbirths but dif-
fered among controls.

All Stillbirths Compared
With All Live Births

Several reproductive history factors
were strongly associated with still-
birth by univariate and multivariable
analysis (TABLE 2 and TABLE 3). In mul-
tivariable analyses, these factors in-
cluded previous stillbirth and nullipar-
ity with and without a history of prior
spontaneous losses at less than 20
weeks’ gestation and plural birth in the
current pregnancy.

In addition, the following maternal
factors were independently associated
with stillbirth: diabetes, 40 years or
older, AB blood type, history of drug
use with addiction, history of ciga-
rette smoking during the 3 months

prior to pregnancy, being overweight
or obese, and not living with a part-
ner. Relative to non-Hispanic whites
(33.4% of cases, 45.3% of controls), the
crude ORs for stillbirth were 2.78 (95%
CI, 2.12-3.66) for non-Hispanic blacks
(23.1% of cases, 11.2% of controls) and
1.38 (95% CI, 1.10-1.73) for Hispan-
ics (36.3% of cases, 35.7% of con-
trols). After adjusting for variables in
the multivariable analysis, the AOR for
stillbirth decreased to 2.12 (95% CI,
1.41-3.20) for non-Hispanic blacks and
1.22 (95% CI, 0.89-1.68) for Hispan-
ics. The generalized R2 was 0.19.

To quantify the magnitude of the
contribution of prepregnancy risk fac-
tors to the black-white disparity in still-
birth risk, we compared the crude OR
and AOR of those participants in the
multivariable model. Five percent of the
live births and 7% of the stillbirths in-
cluded in the univariate analysis were
not included in the multivariable analy-
sis because of missing values in 1 or
more of the predictor variables. The
crude OR for non-Hispanic blacks was
2.43 (95% CI, 1.82-3.24). Therefore, af-
ter adjustment for risk factors deter-
mined at the start of pregnancy, the dis-

Figure. Study Enrollment and Inclusion in Case-Control Analysis

663 Enrolled (cases) 1932 Enrolled (controls)

Stillbirths Live births

953 Eligible stillbirths 3088 Eligible live births

614 With complete or partial maternal
interview and chart abstraction      

402 Gestational age ≥24 wk
311 Singleton, nonanomalous,

and antepartum stillbirths

212 Gestational age <24 wk

1816 With complete or partial maternal
interview and chart abstraction      

1690 Gestational age ≥24 wk
1593 Singleton, nonanomalous,

live births

126 Gestational age <24 wk

290 Excluded
126 Mother not approached
164 Mother refused to

participate

1156 Excluded
394 Mother not approached
762 Mother refused to

participate

49 Excluded from analysis
(missing maternal interview
or prenatal chart abstraction)

116 Excluded from analysis
(missing maternal interview
or prenatal chart abstraction)

Details of the study design, methods, and recruitment have been reported.3 In brief, recruitment was through 59
hospitals in 5 geographic regions defined by state and county lines that included the State of Rhode Island and Bris-
tolCounty,Massachusetts;DeKalbCounty,Georgia;GalvestonandBrazoriaCounties, Texas; BexarCounty,Texas;
and Salt Lake County, Utah. Analysis was restricted to participants with a complete or partial maternal interview
and chart abstraction. Within this group, comparisons were made overall (all stillbirths compared with all live births)
as well as for 2 subgroups (all stillbirths compared with all live births among deliveries at �24 weeks’ gestation and
antepartumstillbirths comparedwithall livebirthsamongdeliveriesofnonanomalous singletonsat �24weeks’ges-
tation). Actual numbers of participants are shown; for weighted sample sizes, see Tables 2 through 5.
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parity between non-Hispanic blacks and
whites was reduced by 22% toward the
null value of 1, from a crude OR of 2.43
to an AOR of 2.12.

Nine women were enrolled in the
study twice. Each pregnancy was a
singleton. Five women enrolled with a
live birth for each pregnancy; 2 others

had a stillbirth for each pregnancy and
2 a stillbirth followed by a live birth.
Taking into account the correlations be-
tween the pregnancies for these 9
women produced results (data not
shown) virtually identical to the re-
sults that treated all of the pregnan-
cies as independent observations.

Deliveries at 24 Weeks’ Gestation
or Greater

Of the variables associated with still-
birth in the multivariable analysis of the
overall study group, race/ethnicity, drug
use, body mass index, and blood type
were no longer significant in the sub-
groups at 24 weeks’ gestation or greater,
with the AORs particularly dimin-
ished for non-Hispanic blacks and AB
blood type (TABLE 4 and TABLE 5). Nul-
liparity (overall and with prior losses
or termination of pregnancy at �20
weeks’ gestation), history of prior still-
birth, plurality, neither married nor co-
habitating, and maternal age of 40 years
or older remained independently asso-
ciated with stillbirth, as did diabetes, for
which the AOR was substantially larger
in this subset (3.47 [95% CI, 1.86-
6.49]). The generalized R2 for the mul-
tivariable model was 0.16.

Nonanomalous Singleton
Deliveries at 24 Weeks’ Gestation
or Greater (Excluding
Intrapartum Stillbirths)

To examine factors associated with still-
births among low-risk, potentially vi-
able fetuses, we further limited the sub-
set of deliveries at 24 weeks’ gestation
or greater to the 311 antepartum still-
births and 1593 live births with non-
anomalous singleton pregnancies
(Tables 4 and 5). The generalized R2 for
the multivariable model was 0.14.

The results for non-Hispanic black
women and for women with AB blood
group were similar to those for the sub-
group of deliveries at 24 weeks’ gesta-
tion or greater. Advanced maternal age
and cigarette smoking were no longer
significant, although the AORs were not
greatly diminished. Nulliparity and his-
tory of prior stillbirth remained strongly
associated with increased risk of still-

Table 1. Sociodemographic and Pregnancy Characteristics of Women Who Agreed to Enrolla

Characteristic

Unweighted, Included
in Analysis, No. (%)b,c

Weighted, Included
in Analysis, No. (%)b,c

No Yes No Yes P Value

Stillbirth pregnancies, No. 49 614 49 614

Maternal age at delivery, y
�20 5 (10.2) 80 (13.0) 5 (10.4) 82 (13.4)

20-34 35 (71.4) 435 (70.8) 35 (70.7) 427 (69.6)
.83

35-39 6 (12.2) 74 (12.1) 6 (11.6) 77 (12.5)

�40 3 (6.1) 25 (4.1) 4 (7.3) 28 (4.5)

Maternal race/ethnicity
White, non-Hispanic 16 (33.3) 218 (35.5) 16 (33.6) 205 (33.4)

Black, non-Hispanic 11 (22.9) 131 (21.3) 12 (25.8) 142 (23.1)
.94

Hispanic 19 (39.6) 218 (35.5) 17 (35.7) 223 (36.3)

Other 2 (4.2) 47 (7.7) 2 (4.9) 44 (7.1)

Insurance/method of payment
No insurance 5 (10.2) 35 (5.7) 5 (10.8) 34 (5.5)

Any public/private assistance 22 (44.9) 325 (53.3) 21 (43.0) 332 (54.4) .19

VA/commercial health insurance/HMO 22 (44.9) 250 (41.0) 23 (46.2) 244 (40.1)

Gestational age, wk
18-19 2 (4.1) 13 (2.1) 2 (4.2) 15 (2.4)

20-23 17 (34.7) 199 (32.4) 18 (37.0) 206 (33.6)

24-27 8 (16.3) 100 (16.3) 8 (16.4) 97 (15.8)
.82

28-31 8 (16.3) 87 (14.2) 7 (13.6) 78 (12.7)

32-36 5 (10.2) 114 (18.6) 5 (11.0) 119 (19.4)

�37 9 (18.4) 101 (16.4) 9 (17.9) 99 (16.2)

Live-birth pregnancies, No. 116 1816 85 1354

Maternal age at delivery, y
�20 12 (10.3) 215 (11.8) 6 (7.5) 142 (10.5)

20-34 88 (75.9) 1369 (75.4) 64 (76.1) 1025 (75.6)
.77

35-39 13 (11.2) 198 (10.9) 12 (14.1) 160 (11.8)

�40 3 (2.6) 34 (1.9) 2 (2.3) 28 (2.1)

Maternal race/ethnicity
White, non-Hispanic 47 (40.5) 672 (37.0) 46 (54.6) 613 (45.3)

Black, non-Hispanic 39 (33.6) 337 (18.6) 17 (19.6) 152 (11.2)
.01

Hispanic 23 (19.8) 681 (37.5) 17 (20.5) 484 (35.7)

Other 7 (6.0) 126 (6.9) 5 (5.4) 105 (7.7)

Insurance/method of payment
No insurance 5 (10.2) 67 (3.7) 3 (3.9) 48 (3.5)

Any public/private assistance 22 (44.9) 993 (54.8) 31 (36.2) 669 (49.4) .07

VA/commercial health insurance/HMO 22 (44.9) 753 (41.5) 51 (59.9) 637 (47.1)

Gestational age, wk
20-23 10 (8.6) 126 (6.9) 0 (0.4) 5 (0.4)

24-27 11 (9.5) 97 (5.3) 1 (1.1) 9 (0.7)

28-31 5 (4.3) 92 (5.1) 1 (1.2) 14 (1.1) .65

32-36 11 (9.5) 133 (7.3) 9 (11.1) 115 (8.5)

�37 79 (68.1) 1368 (75.3) 73 (86.3) 1211 (89.5)

Abbreviations: HMO, health maintenance organization; VA, Veterans Affairs.
aThe Stillbirth Collaborative Research Network defined stillbirth as Apgar scores of 0 at 1 and 5 minutes, with no signs

of life by direct observation. Results are presented here for pregnancies. A pregnancy is defined as a case if there
were any stillbirths delivered and as a control if all live births were delivered.

bWomen excluded from analysis were excluded because of missing data. For the women enrolled, using information
available from all sources, weighted numbers and percentages are shown by analysis inclusion (complete/partial
maternal interview and chart abstraction) status. Weighted numbers are not integers but are shown rounded to the
nearest integer. The weighted (ie, effective) numbers of live births excluded from and included in the analysis were
n=85 and n=1354, compared with unweighted n=116 and n=1816.

cComplete or partial maternal interview and chart abstraction.
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birth. The independent risk associated
with diabetes was again high. The ad-
justed association for women not living
with a partner remained significant. In
addition, there was an increased risk as-
sociated with being overweight or obese.

Predictive Factors in All Stillbirths
Compared With All Live Births

Variables for which LRs were com-
puted were age group, race/ethnicity, life-
time drug use, diabetes, pregnancy his-
tory, and plurality. Most of the positive
LRs were in the 2 to 5 range, whereas

most of the negative LRs were near 1 and
none were less than 0.5. The positive LRs
for combinations of factors were at least
5 for prior stillbirth/no prior live birth
plus diabetes and for prior stillbirth/no
prior live birth plus plural birth, but each
applied to less than a half percent of the
general population (TABLE 6).

COMMENT
This analysis focused on risk factors that
would have been known at the start of
pregnancy, when most women pre-
sent to their obstetrical care clinicians

and when a viable pregnancy is usu-
ally confirmed. Prior stillbirth, prior
pregnancy loss at less than 20 weeks’
gestation, non-Hispanic black race/
ethnicity, nulliparity, plurality, diabe-
tes, maternal obesity, maternal age,
marital status, smoking, and illicit drug
use were all associated with stillbirth
by multivariable analyses. However,
these risk factors explained little of the
burden of stillbirth.

Pregnancy history was the strongest
risk factor for stillbirth.Whencompared
with multiparous women without pre-

Table 2. Sociodemographic and Maternal Substance Use Characteristics by SCRN Case Status (Overall)a

Characteristic

Univariateb Multivariablec

%

Crude OR (95% CI) P Value AOR (95% CI) P ValueStillbirths Live Births

Weighted sample size, No.d 614 1354

Sociodemographic Characteristics
Maternal age at delivery, y

�20 13.4 10.5 1.39 (1.04-1.87) 0.73 (0.46-1.15)

20-34 69.6 75.6 1 [Reference]
.006

1 [Reference]
.04

35-39 12.5 11.8 1.15 (0.84-1.57) 1.19 (0.81-1.75)

�40 4.5 2.1 2.35 (1.31-4.22) 2.41 (1.24-4.70)

Paternal age at delivery, y
�20 8.8 5.2 1.83 (1.26-2.66) 1.59 (0.93-2.72)

20-34 64.4 70.2 1 [Reference]
.007

1 [Reference]
.19

35-39 16.7 16.6 1.10 (0.83-1.45) 1.24 (0.90-1.72)

�40 10.1 8.0 1.37 (0.97-1.94) 1.21 (0.78-1.89)

Maternal race/ethnicity
Non-Hispanic white 33.4 45.3 1 [Reference] 1 [Reference]

Non-Hispanic black 23.1 11.2 2.78 (2.12-3.66)
�.001

2.12 (1.41-3.20)
.004

Hispanic 36.3 35.7 1.38 (1.10-1.73) 1.22 (0.89-1.68)

Other 7.1 7.7 1.24 (0.83-1.85) 1.06 (0.69-1.62)

Mother born outside of United States 21.4 20.1 1.08 (0.85-1.37) .54 NAe NAe

Maternal education, grade
0-11 (none/primary/some secondary) 23.5 18.5 1.51 (1.18-1.94) 1.33 (0.94-1.90)

12 (completed secondary) 29.8 26.0 1.36 (1.08-1.72) .001 1.27 (0.96-1.68) .17

�13 (college) 46.8 55.6 1 [Reference] 1 [Reference]

Paternal education, grade
0-11 (none/primary/some secondary) 22.3 22.0 1.24 (0.96-1.62) NAe

12 (completed secondary) 35.7 26.2 1.68 (1.33-2.11) �.001 NAe NAe

�13 (college) 42.1 51.8 1 [Reference] NAe

Marital status/cohabitating
Not married or cohabitating 25.4 15.3 2.08 (1.62-2.66) 1.62 (1.15-2.27)

Cohabitating 25.9 24.0 1.34 (1.06-1.71) �.001 1.21 (0.90-1.63) .02

Married 48.7 60.7 1 [Reference] 1 [Reference]

Insurance/method of payment
No insurance 5.5 3.5 1.84 (1.15-2.95) 1.53 (0.88-2.68)

Any public/private assistance 54.4 49.4 1.29 (1.05-1.58) .006 0.98 (0.71-1.34) .25

VA/commercial health insurance/HMO 40.1 47.1 1 [Reference] 1 [Reference]

Family income last 12 mo
Only public/private assistance 8.7 6.0 1.55 (1.04-2.30) 0.95 (0.58-1.55)

Assistance and personal income 37.9 37.5 1.07 (0.87-1.32) .10 0.80 (0.60-1.05) .25

Only personal income 53.4 56.6 1 [Reference] 1 [Reference]

Special Supplemental Nutrition Program for Women, Infants, and Children 34.8 35.8 0.96 (0.78-1.18) .68 NAe

(continued)
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vious losses at less than 20 weeks’ gesta-
tionorstillbirths, therewasaprogressive
increase in the risk for stillbirth for nul-
liparas, then nulliparas with previous
lossesatlessthan20weeks’gestation,and
thenmultiparaswithapreviousstillbirth.
Womenwithapreviousstillbirtharewell
knowntobeat5- to10-fold increasedre-
currence risk for stillbirth and therefore
receivemore intensiveprenatal careand
antepartumsurveillanceinthesubsequent
pregnancy. Our findings add to the lit-
erature by showing that even a nonelec-
tive previous pregnancy loss at less than
20weeks’gestation increasedtherisk for
stillbirth.Becauseallwomenbeginchild-
bearing as nulliparas, findings from fur-
ther investigations into the causes and
mechanismsofstillbirthamongnulliparas
couldbetranslatedintointerventionsthat
may affect overall risk for stillbirth.

The increasing prevalence of diabe-
tes in pregnancy12 underlines the im-
portance of our finding that diabetes is
associated with early as well as later still-
births. A recent meta-analysis of pre-
conception and prenatal care of dia-

betic women estimated that 10% of
diabetes-associated stillbirth might be
prevented with early detection and con-
trol.13 In this study, the association of
maternal obesity with risk of stillbirth
was not explained by diabetes or hy-
pertension. Rather, the overall risk of
stillbirth increased with increasing body
mass index, even after taking into ac-
count the increased prevalence of pre-
existing maternal disease. Maternal
overweight and obesity may have the
greatest population-attributable risk
among potentially modifiable mater-
nal characteristics in the United States.14

Being unmarried and not cohabitat-
ing was a consistent risk factor for still-
birth and remained significant in the
multivariable analyses that included
other factors. The AOR of 1.62 (95%
CI, 1.15-2.27) is higher than the ad-
justed relative risk of 1.24 (95% CI,
1.21-1.26) for being unmarried, as re-
ported in another study for the United
States from 1995-2004.15 In that study,
there was no distinction between un-
married cohabitating or not cohabitat-

ing. In our study, which also con-
trolled for additional factors not
available on vital records, cohabitat-
ing unmarried women were not at in-
creased risk of stillbirth, whereas un-
married women not cohabitating were
at increased risk. Screening for part-
ner relationship may prove useful in
identifying higher-risk women who
would benefit from social support dur-
ing pregnancy.

Prepregnancy risk factors for still-
birth that have been found to be more
frequent among African Americans
include young maternal age (�20
years),16,17 low maternal education,18,19

previous stillbirth,1,18 previous cesar-
ean delivery,16,20 obesity,21,22 chronic hy-
pertension,19 diabetes,23 systemic lupus
erythematosus,24 and multiple gesta-
tion.25 A few prepregnancy risk factors
for stillbirth may be less frequent among
African Americans, including smok-
ing26 and nulliparity.16 To our knowl-
edge, no study to date has systemati-
cally examined whether these stillbirth
risk factors taken together explain the ex-

Table 2. Sociodemographic and Maternal Substance Use Characteristics by SCRN Case Status (Overall)a (continued)

Characteristic

Univariateb Multivariablec

%

Crude OR (95% CI) P Value AOR (95% CI) P ValueStillbirths Live Births

Weighted sample size, No.d 614 1354

Maternal Substance Use
Average No. of cigarettes/d during 3 mo prior to pregnancy

Did not smoke 80.7 86.6 1 [Reference] 1 [Reference]

�10 10.0 6.5 1.65 (1.18-2.33) .003 1.55 (1.02-2.35) .03

�10 9.3 6.9 1.46 (1.02-2.08) 1.57 (1.00-2.44)

Alcohol consumption during 3 mo prior to pregnancy
Did not drink 60.4 57.5 1 [Reference] 1 [Reference]

Drank, no bingeing 20.4 22.9 0.84 (0.66-1.08) .41 0.86 (0.65-1.16) .31

Binged 19.2 19.6 0.93 (0.72-1.21) 0.78 (0.56-1.09)

Lifetime drug use
Never 67.3 69.3 1 [Reference] 1 [Reference]

Ever
.02 .07Without addiction 28.2 28.5 1.02 (0.81-1.27) 1.07 (0.82-1.40)

With addiction 4.5 2.1 2.17 (1.28-3.65) 2.08 (1.12-3.88)

Abbreviation: AOR, adjusted odds ratio; HMO, health maintenance organization; NA, not applicable; SCRN, Stillbirth Collaborative Research Network; VA, Veterans Affairs.
aSee footnote “a,” Table 1.
bSample sizes for univariate analyses vary slightly by characteristic. Four characteristics presented here are missing for 5% or more of the pregnancies as follows: paternal edu-

cation (unweighted missing Ns for stillbirths and live births, 36 and 93, respectively), human immunodeficiency virus (HIV) (42 and 131), hepatitis B (88 and 105), and hepatitis C
(70 and 233).

cThe sample size for the multivariable model is unweighted n=2297 of 2430 pregnancies (95%), 569 of 614 stillbirths (93%), and 1728 of 1816 live births (95%). Multivariable
models included variables for which P� .20 for univariate association with stillbirth (overall or within either of the 2 subgroups), after excluding variables missing for more than 5%
of participants (paternal education, HIV, hepatitis B, hepatitis C) and/or that were sparse in 1 or more response categories (HIV, hepatitis B, hepatitis C, hemoglobinopathy,
syphilis), or that overlapped or were subsumed in the pregnancy history variable (first pregnancy, parity). Clinical site (catchment area) was included as an adjustment covariate.
Multivariable generalized R2=0.19.

dResults shown are weighted for the study design and differential consent based on characteristics recorded in the screened population. Unweighted sample sizes were 614 and
1816 for stillbirths and live births, respectively.

eNot included in the multivariable model.
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cess risk of stillbirth for African Ameri-
cans.2 In our study, after adjustment
for these risk factors, the relative
odds of stillbirth for non-Hispanic blacks
compared with whites was reduced by
22%.

The elevated risk of stillbirth for non-
Hispanic blacks occurred predomi-
nantly prior to 24 weeks’ gestation. This
is consistent with the finding that the

greatest black-white disparity in haz-
ard for stillbirth in ongoing pregnan-
cies is in the interval of 20 to 23 weeks’
gestation.18 Also, very early preterm
birth (�28 weeks’ gestation) is in-
creased more than 3-fold among Afri-
can Americans,27 and the as-yet un-
known reasons for excess preterm
births may also be responsible for risks
for early preterm stillbirth. In fact, an

examination of the causes of death for
the stillbirths in this study revealed a
higher proportion of early intrapar-
tum stillbirths among non-Hispanic
blacks. The causes were similar to those
reported for early preterm birth.28

In addition to non-Hispanic black
race, AB blood group appeared to be
preferentially associated with still-
birth before 24 weeks. We are unaware

Table 3. Maternal Medical and Physiological and Pregnancy-Associated Characteristics by SCRN Case Status (Overall)a

Characteristic

Univariateb Multivariablec

%

Crude OR (95% CI) P Value AOR (95% CI) P ValueStillbirths Live Births

Weighted sample size, No.d 614 1354

Maternal Medical and Physiological Characteristics
BMIe

�18.5 (underweight) 4.1 3.3 1.66 (0.99-2.75) 1.34 (0.76-2.36)

18.5-24.9 (normal weight) 38.2 50.2 1 [Reference] 1 [Reference]

25-29.9 (overweight) 26.0 22.6 1.52 (1.18-1.94) �.001 1.43 (1.09-1.88) .003

30-34 (obese) 15.5 12.4 1.64 (1.21-2.22) 1.72 (1.22-2.43)

�35 (morbidly obese) 16.3 11.5 1.86 (1.36-2.54) 1.73 (1.23-2.45)

Blood type
A 30.2 34.5 0.87 (0.70-1.09) 0.91 (0.71-1.16)

B 13.7 11.4 1.20 (0.88-1.63) 1.25 (0.89-1.74)

O 51.2 51.1 1 [Reference]
.05

1 [Reference]
.02

AB 4.9 3.0 1.63 (0.99-2.69) 1.96 (1.16-3.30)

Rh negative 8.7 11.1 0.77 (0.55-1.08) .13 0.90 (0.61-1.33) .59

Clinical history
Hypertension 10.5 6.1 1.81 (1.26-2.61) .001 1.19 (0.76-1.84) .45

Diabetes 5.6 1.6 3.53 (2.07-6.01) �.001 2.50 (1.39-4.48) .002

Thyroid disorder 3.5 4.1 0.84 (0.51-1.40) .51 NAf NAf

Autoimmune disorder 0.6 1.1 0.57 (0.17-1.85) .35 NAf NAf

Seizure disorder 2.7 1.8 1.50 (0.79-2.87) .21 1.61 (0.83-3.13) .15

Hemoglobinopathy 2.0 1.5 1.31 (0.66-2.60) .43 NAf NAf

HIV 0.2 0.2 1.11 (0.12-10.12) .93 NAf NAf

Syphilis 0.3 0.2 1.97 (0.28-13.91) .50 NAf NAf

Hepatitis B 0.6 0.3 1.77 (0.44-7.16) .42 NAf NAf

Hepatitis C 0.4 0.4 0.88 (0.17-4.56) .88 NAf NAf

Pregnancy-Associated Characteristics
First pregnancy 29.0 27.2 1.09 (0.88-1.36) .42 NAf NAf

Nulliparous 44.5 34.9 1.49 (1.22-1.83) �.001 NAf NAf

Multiparous, previous cesarean delivery 32.9 31.3 1.08 (0.82-1.42) .59 NAf NAf

Pregnancy history
Nulliparous; never pregnant or only elective terminations 34.0 29.7 1.58 (1.25-2.00) 1.98 (1.51-2.60)

Nulliparous with previous losses 10.5 5.2 2.80 (1.91-4.12) 3.13 (2.06-4.75)

Multiparous with no previous losses at �20 wk or stillbirths 33.7 46.5 1 [Reference] �.001 1 [Reference] �.001

Multiparous with no stillbirth but previous losses at �20 wk 15.1 17.1 1.22 (0.91-1.63) 1.17 (0.85-1.61)

Multiparous with stillbirth 6.7 1.4 6.41 (3.77-10.91) 5.91 (3.18-11.00)

Assisted reproductive technology 4.7 4.2 1.13 (0.69-1.85) .62 NAf NAf

Unwanted pregnancy 6.4 5.2 1.26 (0.84-1.89) .27 NAf NAf

Multifetal pregnancy 6.4 1.9 3.62 (1.97-6.65) �.001 4.59 (2.63-8.00) �.001

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; HIV, human immunodeficiency virus; NA, not applicable; SCRN, Stillbirth Collaborative Research Network.
aSee footnote “a,” Table 1.
bSee footnote “b,” Table 2.
cSee footnote “c,” Table 2.
dSee footnote “d,” Table 2.
eCalculated as weight in kilograms divided by height in meters squared.
fNot included in the multivariable model.
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Table 4. Sociodemographic and Maternal Substance Use Characteristics by SCRN Case Status and Multivariable Results for Subgroups (All
Deliveries, Nonanomalous Singletons [Live Births, Antepartum Stillbirths]) at 24 Weeks’ Gestational Age or Greatera

Characteristic

All Deliveries Nonanomalous Singleton Deliveries

%b Multivariablec,d %b Multivariabled,e

Stillbirths Live Births AOR (95% CI)
P

Value
Antepartum
Stillbirths Live Births AOR (95% CI)

P
Value

Weighted sample size, No.f 393 1350 303 1288

Sociodemographic Characteristics
Maternal age at delivery, y

�20 12.7 10.4 0.54 (0.32-0.91) 11.5 10.8 0.56 (0.31-1.00)

20-34 69.5 75.7 1 [Reference]
.01

71.5 75.6 1 [Reference]
.09

35-39 13.4 11.8 1.28 (0.81-2.00) 13.2 11.4 1.27 (0.79-2.05)

�40 4.4 2.1 2.61 (1.19-5.75) 3.8 2.2 2.21 (0.85-5.75)

Paternal age at delivery, y
�20 8.9 5.2 1.68 (0.93-3.04) 7.2 5.5 1.41 (0.71-2.81)

20-34 64.9 70.2 1 [Reference]
.24

66.7 70.1 1 [Reference]
.56

35-39 16.4 16.6 1.25 (0.85-1.84) 17.0 16.2 1.24 (0.82-1.89)

�40 9.8 8.0 1.16 (0.70-1.93) 9.1 8.3 0.98 (0.55-1.74)

Maternal race/ethnicity
Non-Hispanic white 35.2 45.3 1 [Reference] 38.2 44.5 1 [Reference]

Non-Hispanic black 17.1 11.2 1.57 (0.95-2.59)
.20

17.6 11.4 1.42 (0.81-2.48)
.68

Hispanic 39.9 35.7 1.40 (0.97-2.02) 37.6 36.5 1.09 (0.73-1.63)

Other 7.8 7.7 1.23 (0.77-1.99) 6.7 7.5 1.06 (0.61-1.84)

Maternal education, grade
0-11 (none/primary/some secondary) 24.3 18.4 1.45 (0.97-2.19) 21.7 18.6 1.24 (0.78-1.95)

12 (completed secondary) 30.1 25.9 1.34 (0.96-1.88) .13 31.2 26.3 1.25 (0.86-1.81) .47

�13 (college) 45.6 55.6 1 [Reference] 47.1 55.1 1 [Reference]

Marital status/cohabitating
Not married or cohabitating 25.2 15.2 1.73 (1.17-2.54) 24.3 15.6 1.69 (1.11-2.58)

Cohabitating 25.4 24.0 1.15 (0.81-1.63) .02 24.9 23.9 1.11 (0.75-1.65) .04

Married 49.3 60.8 1 [Reference] 50.8 60.5 1 [Reference]

Insurance/method of payment
No insurance 4.2 3.5 0.98 (0.49-1.99) 3.9 3.6 1.05 (0.48-2.32)

Any public/private assistance 56.8 49.4 1.05 (0.72-1.52) .96 57.0 49.4 1.28 (0.85-1.94) .47

VA/commercial health insurance/HMO 39.1 47.1 1 [Reference] 39.2 47.1 1 [Reference]

Family income last 12 mo
Only public/private assistance 9.5 6.0 1.13 (0.65-1.95) 8.2 5.6 0.95 (0.51-1.78)

Assistance and personal income 39.1 37.4 0.86 (0.62-1.20) .43 38.5 37.8 0.81 (0.56-1.16) .49

Only personal income 51.4 56.6 1 [Reference] 53.3 56.6 1 [Reference]

Maternal Substance Use
Average No. of cigarettes/d during 3 mo prior to pregnancy

Did not smoke 80.3 86.7 1 [Reference] 79.9 86.4 1 [Reference]

�10 10.4 6.5 1.61 (1.02-2.54) .06 10.4 6.6 1.46 (0.89-2.41) .27

�10 9.3 6.8 1.56 (0.94-2.60) 9.7 7.0 1.30 (0.75-2.25)

Alcohol consumption during 3 mo prior to pregnancy
Did not drink 60.0 57.5 1 [Reference] 60.1 58.0 1 [Reference]

Drank, no bingeing 18.5 22.9 0.90 (0.64-1.28) .80 19.7 22.5 0.94 (0.64-1.39) .53

Binged 21.5 19.6 0.90 (0.62-1.32) 20.2 19.5 0.78 (0.51-1.21)

Lifetime drug use
Never used 69.6 69.4 1 [Reference] 69.1 69.8 1 [Reference]

Ever
.23 .14Without addiction 26.6 28.5 0.97 (0.71-1.33) 26.5 28.0 0.95 (0.67-1.35)

With addiction 3.8 2.1 1.79 (0.89-3.63) 4.4 2.2 2.01 (0.96-4.18)

Abbreviations: AOR, adjusted odds ratio; HMO, health maintenance organization; NA, not applicable; SCRN, Stillbirth Collaborative Research Network; VA, Veterans Affairs.
aSee footnote “a,” Table 1.
bSample sizes for the weighted percentages vary slightly by characteristic.
cThe sample size for the multivariable model is unweighted n=1984 of 2092 pregnancies (95%), 374 of 402 stillbirths (93%), and 1610 of 1690 live births (95%).
dMultivariable models included variables for which P� .20 for univariate association with stillbirth (overall or within either of the 2 subgroups), after excluding variables missing for more

than 5% of participants (paternal education, human immunodeficiency virus [HIV], hepatitis B, hepatitis C) and/or that were sparse in 1 or more response categories (HIV, hepatitis
B, hepatitis C, hemoglobinopathy, syphilis), or that overlapped or were subsumed in the pregnancy history variable (first pregnancy, parity). Clinical site (catchment area) was
included as an adjustment covariate. Multivariable generalized R2=0.16 and 0.14, respectively.

eThe sample size for the multivariable model is unweighted n=1809 of 1904 pregnancies (95%), 289 of 311 stillbirths (93%), and 1520 of 1593 live births (95%).
fResults shown are weighted for the study design and differential consent based on characteristics recorded in the screened population. Unweighted sample sizes for stillbirths and

live births, respectively, were 402 and 1690 for all deliveries and 311 and 1593 for nonanomalous singleton deliveries.
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Table 5. Maternal Medical and Physiological and Pregnancy-Associated Characteristics by SCRN Case Status and Multivariable Results for
Subgroups (All Deliveries, Nonanomalous Singletons [Live Births, Antepartum Stillbirths]) at 24 Weeks’ Gestational Age or Greatera

Characteristic

All Deliveries Nonanomalous Singleton Deliveries

%b Multivariablec,d %b Multivariabled,e

Stillbirths Live Births AOR (95% CI)
P

Value
Antepartum
Stillbirths Live Births AOR (95% CI)

P
Value

Weighted sample size, No.f 393 1350 303 1288

Maternal Medical and Physiological Characteristics
BMIg

�18.5 (underweight) 4.3 3.3 1.44 (0.75-2.76) 3.5 3.4 1.13 (0.53-2.41)

18.5-24.9 (normal weight) 39.7 50.3 1 [Reference] 39.0 50.6 1 [Reference]

25-29.9 (overweight) 26.7 22.6 1.36 (1.00-1.85) .20 26.3 22.7 1.42 (1.01-2.00) .11

30-34 (obese) 15.0 12.4 1.45 (0.96-2.18) 15.8 11.9 1.66 (1.07-2.58)

�35 (morbidly obese) 14.3 11.5 1.32 (0.86-2.03) 15.3 11.3 1.43 (0.89-2.30)

Blood type
A 32.9 34.5 0.98 (0.74-1.31) 33.5 34.6 0.92 (0.67-1.26)

B 12.4 11.4 1.16 (0.78-1.72)
.82

11.7 11.5 1.11 (0.71-1.72)
.86

O 51.9 51.0 1 [Reference] 51.7 50.9 1 [Reference]

AB 2.8 3.0 1.24 (0.60-2.56) 3.0 3.1 1.13 (0.50-2.55)

Rh negative 8.7 11.1 0.82 (0.51-1.33) .43 9.1 10.6 0.96 (0.59-1.56) .86

Clinical history
Hypertension 11.4 6.1 1.38 (0.82-2.34) .23 11.9 5.6 1.59 (0.91-2.77) .10

Diabetes 6.7 1.6 3.47 (1.86-6.49) �.001 7.3 1.6 3.83 (1.93-7.60) .001

Seizure disorder 3.2 1.8 1.69 (0.81-3.53) .16 2.7 1.6 1.44 (0.53-3.88) .47

Pregnancy-Associated Characteristics
Pregnancy history

Nulliparous; never pregnant or only elective terminations 37.6 29.4 2.34 (1.71-3.21) 37.6 29.4 2.33 (1.65-3.30)

Nulliparous with previous losses 8.7 5.3 2.50 (1.50-4.14) 8.7 5.3 2.51 (1.47-4.31)

Multiparous with no previous losses at �20 wk or stillbirths 34.2 46.6 1 [Reference] �.001 34.2 46.6 1 [Reference] �.001

Multiparous with no stillbirth, but previous losses at �20 wk 12.7 17.3 1.08 (0.74-1.58) 12.7 17.3 0.93 (0.60-1.44)

Multiparous with stillbirth 6.8 1.4 6.04 (2.95-12.37) 6.8 1.4 6.67 (3.14-14.17)

Multifetal pregnancy 6.5 1.8 5.07 (2.68-9.56) �.001 NAh NAh NAh NAh

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; NA, not applicable; SCRN, Stillbirth Collaborative Research Network.
aSee footnote “a,” Table 1.
bSample sizes for the weighted percentages vary slightly by characteristic.
cSee footnote “c,” Table 4.
dSee footnote “d,” Table 4.
eSee footnote “e,” Table 4.
fSee footnote “f,” Table 4.
gCalculated as weight in kilograms divided by height in meters squared.
hExclusion of twins and triplets because of a subgroup definition.

Table 6. Diagnostic Likelihood Ratios for Selected Risk Factors and Combinations (Overall)a

Characteristic

%

P Value

LR (95% CI)

Stillbirth Live Birth Positive Negative

Weighted sample size, No.b 614 1354

Single Risk Factors
Age �40 y 4.54 2.10 .007 2.16 (1.23-3.80) 0.98 (0.96-1.00)

Non-Hispanic black race/ethnicity 23.13 11.25 �.001 2.06 (1.68-2.51) 0.87 (0.83-0.91)

Drug addiction 4.49 2.14 .004 2.10 (1.27-3.47) 0.98 (0.96-0.99)

Diabetes 5.56 1.64 �.001 3.39 (2.03-5.66) 0.96 (0.94-0.98)

Prior stillbirth/no prior live birth 51.16 36.32 �.001 1.41 (1.26-1.57) 0.77 (0.70-0.84)

Twins/triplets 6.41 1.86 �.001 3.45 (1.92-6.23) 0.95 (0.93-0.98)

Combinations of 2 Risk Factorsc

Prior stillbirth/no prior live birth � age �40 y 1.22 0.80 .44 1.53 (0.52-4.52) 1.00 (0.98-1.00)

Prior stillbirth/no prior live birth � non-Hispanic black race/ethnicity 11.53 4.54 �.001 2.54 (1.87-3.45) 0.93 (0.90-0.96)

Prior stillbirth/no prior live birth � drug addiction 2.31 0.54 �.001 4.25 (1.92-9.40) 0.98 (0.97-0.99)

Prior stillbirth/no prior live birth � diabetes 2.96 0.43 �.001 6.92 (2.91-16.48) 0.97 (0.96-0.99)

Prior stillbirth/no prior live birth � twins/triplets 2.71 0.47 �.001 5.71 (2.55-12.82) 0.98 (0.96-0.99)

Abbreviation: LR, likelihood ratio.
aSee footnote “a,” Table 1.
bSee footnote “d,” Table 2.
cResults are shown for 2-factor combinations for which the number of live births with the combination was at least 5.
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of a previous report of this association
between AB blood type and stillbirth.
Non-O blood groups are recognized risk
factors for thrombosis.29 An associa-
tion between blood type and adverse
pregnancy outcomes, such as pre-
eclampsia, has been reported in some
studies but not confirmed in a meta-
analysis.30 Mechanistic studies contrast-
ing these risk factors may lead to bet-
ter understanding of the etiology of
stillbirth.

Overall, pregnancy factors known at
the start of pregnancy accounted for
little of the stillbirth risk, as shown by
the low generalized R2 values. Apart
from occurrence of previous stillbirth
or pregnancy loss, the other risk fac-
tors have limited predictive value, with
low positive LRs. This supports the
findings of another study that noted the
“relative lack of clinical utility” for pre-
diction of term stillbirth when certain
prepregnancy risk factors are present
in isolation.31

Limitations of our study include the
retrospective collection of some infor-
mation (eg, body mass index) by ma-
ternal interview when prenatal rec-
ords were missing some variables. A
potential source of bias was that 30%
of women experiencing stillbirth and
37% of sampled women with live births
did not participate in the study. How-
ever, weighting was used to account for
differential consent on a number of fac-
tors recorded in the screened popula-
tion.3 In addition, the maternal inter-
view or the chart abstraction was
missing for 49 (7.3%) of enrolled still-
birth pregnancies and 116 (6.0%) of
live-birth pregnancies, but differences
between the enrolled and analyzed
population in examined patient char-
acteristics were small. Last, we had lim-
ited power to assess rare risk factors or
those with only weak associations with
stillbirth, particularly in the subgroup
analyses.

To our knowledge, our study is the
largest population-based study to date
of stillbirth with extensive evaluation
of cases as well as controls. The de-
sign of the study makes it more gener-
alizable than prior hospital-based stud-

ies or studies with small sample sizes,
less complete ascertainment, nonstan-
dardized workup, or convenience sam-
pling. Most other studies of risk fac-
tors for stillbirth have used large
databases, including vital statistics, but
these databases often contain limited in-
formation, particularly on reproduc-
tive and medical complications, and
accuracy can be suboptimal.32 The de-
tailed characterization of the study par-
ticipants through maternal interview
and chart abstraction enabled us to con-
firm prior risk factors as well as per-
form further in-depth analyses of risk
factors.

In this study, factors known at the
start of pregnancy explained little of the
overall burden of stillbirth. Further re-
search is needed to identify pregnan-
cies at highest risk overall and for spe-
cific causes. Although some of the risk
factors may not be modifiable (eg, race/
ethnicity), knowledge of interactions be-
tween these factors and other modifi-
able ones may be useful. In addition,
association studies aid in the identifica-
tion of areas of investigation and pre-
ventive approaches. For example, non-
Hispanic black women have a more than
2-fold increase in risk of stillbirth. How-
ever, the disparity in risk largely oc-
curs at less than 24 weeks’ gestation.
Therefore, focusing on the pathophysi-
ology of early preterm birth may re-
duce racial disparity in stillbirth.
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