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Obesity and the risk of stillbirth: a population-based cohort
study
Ruofan Yao, MD, MPH; Cande V. Ananth, PhD, MPH; Bo Y. Park, MPH; Leanne Pereira, MD;
Lauren A. Plante, MD MPH; for the Perinatal Research Consortium

OBJECTIVE: Obesity is a known risk factor for stillbirth. However, this women, 1.71 for class I obese women, 2.00 for class II obese women,

relationship has not been characterized fully. We attempted to further
examine this relationship with a focus on delivery near and at term.

STUDY DESIGN:We designed a retrospective cohort study of singleton
nonanomalous live births and stillbirths in the states of Washington
and Texas to examine the associations of maternal prepregnancy body
mass index (BMI) and risk of stillbirth. Confounder-adjusted hazard
ratio of stillbirth in relation to BMI was estimated through Cox pro-
portional hazards regression model. The hazard ratio was used to
estimate the population-attributable risk. We also estimated the fe-
tuses who were at risk for stillbirth based on gestational age.

RESULTS: Among 2,868,482 singleton births, the overall stillbirth risk
was 3.1 per 1000 births (n ¼ 9030). Compared with normal-weight
women, the hazard ratio for stillbirth was 1.36 for overweight
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2.48 for class III obese women, and 3.16 for women with a BMI of�50
kg/m2. The fetuses who are at risk for stillbirth increased after 39
weeks’ gestation for each obesity class; however, the risk increased
more rapidly with increasing BMI. Women with a BMI of �50 kg/m2

were at 5.7 times greater risk than normal weight women at 39 weeks’
gestation and 13.6 times greater at 41 weeks’ gestation. Obesity was
associated with nearly 25% of stillbirth that occurred between 37 and
42 weeks’ gestation.

CONCLUSION: There is a pronounced increase in the risk of stillbirth
with increasing BMI; the association is strongest at early- and late-
term gestation periods. Extreme maternal obesity is a significant risk
factor for stillbirth.

Key words: obesity, pregnancy, stillbirth, timing of delivery
Cite this article as: Yao R, Ananth CV, Park BY, et al. Obesity and the risk of stillbirth: a population-based cohort study. Am J Obstet Gynecol 2014;210:����.
n the United States, 35.7% of adults
1
I are obese. The prevalence of obesity

has increased relentlessly over the last
few decades, with the fastest rate of in-
crease at the extreme end of the obesity
range, that is, for categories of body-
mass index (BMI) �40 and �50 kg/m2.
Data from self-reported telephone sur-
veys, in which respondents are likely
to understate their weight, show that
the proportion of adults who admit to
BMI �40 kg/m2 was 3.1% in 2005
compared with 2.2% in 2001; the
proportion of adults with BMI �30 kg/
m2 rose from 19.8-27.2%.2-5 Among
pregnant women, obesity is also a
growing health concern that is associated
with numerous pregnancy-related com-
plications.6,7 These include gestational
diabetes mellitus, prepregnancy hyper-
tension, gestational hypertension,
venous thromboembolism, and pre-
eclampsia.8,9 Obesity is also associated
with a delay in the onset of spontaneous
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labor and thus an increase in the in-
terventions of labor induction and ce-
sarean delivery.8,10-12

Maternal obesity is also an established
risk factor for stillbirth. The reported
risk of stillbirth is 2e5 times higher in
obese, compared with normal-weight,
women.12-14 The risk of stillbirth that is
associated with obesity increases with
gestational age. Using a Danish birth
cohort of >54,000 women, Nohr et al14

reported a hazard ratio (HR) for still-
birth at 20-27 weeks of 1.9 for women
with BMI �30 kg/m2 compared with
women with normal BMI (18.5-24.9
kg/m2). The HR at 28-36 weeks’ gestation
was 2.1, at 37-40 weeks’ gestation was 3.5,
and at �41 weeks’ gestation was 4.6.
Epidemiologic studies have also demon-
strated a strong dose-dependent associa-
tion between BMI and stillbirth15,16;
the largest of these studies found that,
among class III obese women (BMI, �40
kg/m2), the risk of stillbirth is 1.5-times
higher compared with women with class
I obesity (BMI, 30-34.9 kg/m2).15

Data from multiple sources show that
obese women are at higher risk of still-
birth the higher their BMI and the later
erican Journal of Obstetrics & Gynecology 1.e1
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the gestational age. However, important
questions remain in the appropriate
treatment of obese women in pregnancy
to reduce their risk of stillbirth. In terms
of determining the optimal gestational age
for delivery, it is clear that the risk
of stillbirth between each obesity class
is different, so the timing of delivery
should be different. The available evidence
does not delineate these differences
adequately to direct specific treatment
guidelines for each obesity class. There-
fore, we set out to quantify the relation-
ship between obesity and stillbirth, week
byweek. Specifically, wewere interested in
calculating the risk of stillbirth for
ongoing undelivered pregnancies at each
gestational week. This rate can be
compared directly with the published
neonatal death rate (NDR) of the same
gestational week as a way to estimate the
overall change in perinatal mortality rates
if a policy of delivery at a specific gesta-
tional week were to be instituted.

MATERIALS AND METHODS

Currently, there are no available national
stillbirth databases in the United States
that include maternal prepregnancy
weight. Therefore, we queried all 50 states
individually to identify state-level birth
and stillbirth databases that contained
this information. We initially identified
17 states with the desired information
and excluded those with small delivery
numbers, prohibitively high cost for ac-
cess to data, or missing variables of in-
terest.We used the vital records data from
the states of Washington and Texas to
examine the association between pre-
pregnancy BMI and risk of stillbirth.
Washington and Texas databases origi-
nate from birth and death certificates that
are completed near the time of birth. To
improve data quality, both birth and
death certificates records are checked
and edited for accuracy. For example,
data value restrictions are placed on var-
iables such as maternal age, and warnings
are generated if maternal age is <14 or
> 49 years. Both states perform routine,
periodic data quality checks to identify
facilities and providers with large
amounts of missing data. In addition to
internal quality measures, the National
Center for Health Statistics also conducts
1.e2 American Journal of Obstetrics & Gynecology
independent reviews of each state to
verify data quality. To ensure future
compliance, field visits are conducted
when noncompliant sites are identified.
This study was approved by the Drexel

University College of Medicine Insti-
tutional Review Board, and by the
Departments of Public Health of Wash-
ington and Texas.
Analysis was limited to singleton

pregnancies that delivered between 20
and 42 weeks’ gestation, based on best
clinical estimate of gestational age. The
best clinical estimate of gestational
dating, which incorporates data from
other sources in addition to the last
menstrual period, is considered supe-
rior to the menstrual-based estimate,17

which also is contained in the vital sta-
tistics data. Pregnancies with missing
pregestational weight, height, or gesta-
tional age and those with maternal
height recorded as <48 inches were
removed from the cohort. Severe fetal
anomalies that included anencephaly,
spina bifida, cardiac anomalies, dia-
phragmatic hernia, gastroschisis,
omphalocele, and chromosomal ab-
normalities were also removed. We
excluded underweight women (BMI,
<18.5 kg/m2) from analysis, because
the primary objective of this study was
to determine the effects of obesity on
stillbirth risk.
For births in Washington, we ab-

stracted data between 2003 and 2011
(n ¼ 784,861 live births and 4735 still-
births); for births in Texas, we ab-
stracted data between 2006 and 2011
(n ¼ 2,422,522 live births and 13,939
stillbirths). Of these births, we sequen-
tially excluded 101,827 multiple births,
11,438 births with gestational age at de-
livery<20 or�43 weeks’ gestation, 7937
births with severe anomalies, 86,744
births with missing covariate data, and
149,629 births to women with BMI
<18.5 kg/m2 or height<48 inches. After
all exclusions, 2,868,482 singleton births
(9030 stillbirths) remained for analysis
(Figure 1). Nearly one-third of the still-
births were excluded because of missing
variables. We conducted a separate
comparison of this group with those
included for analysis to identify any se-
lection bias within the data.
MONTH 2014
Maternal prepregnancy weight gener-
ally was self-reported by the woman and
recorded by the prenatal care provider at
the first prenatal visit. The care provider
also recorded height at the first prenatal
visit. BMI was defined as the ratio of
maternal prepregnancy weight (in kilo-
grams) over square of height (in meters).
After the recommendations of the World
Health Organization,18 we categorized
BMI in the following manner: normal
(18.5-24.9 kg/m2), overweight (25.0-29.9
kg/m2), obese class I (30.0-34.9 kg/m2),
obese class II (35.0-39.9 kg/m2), and obese
class III (40.0-49.9 kg/m2). We separately
analyzed women with a BMI �50 kg/m2.
Obesity of this magnitude was once
considered rare, but its prevalencehas been
increasing at a rapid rate.5 A growing body
of evidence suggests that this group is at
even higher risk of maternal and fetal
complications than less severely obese
women.19-21

We divided gestational age into 4 pe-
riods in the following manner: early
preterm (30-33 weeks), late preterm (34-
36 weeks), early term (37-39 weeks), and
late term (40-42 weeks). We calculated
the HR of stillbirth that was associated
with obesity for each gestational period
using Cox proportional hazards regres-
sion analysis. We estimated the
confounder-adjusted HR of stillbirth in
relation to BMI. Potential confounders
considered for adjustment included
maternal age (grouped as<20, 20-24, 25-
29, 30-34, 35-39, and �40 years), pri-
miparity, education (grouped as less than
high school, high school diploma, and
bachelor’s degree or higher), no prenatal
care, race/ethnicity (non-Hispanic white,
non-Hispanic black, Hispanic, and other
race), and smoking. In addition, we also
adjusted the analyses for chronic hyper-
tension and pregestational diabetes mel-
litus. We calculated the population-
attributable risk (PAR) using the
adjusted HRs for each BMI class for the 4
gestational periods as described earlier.

Because at any given gestational age
the fetus is at risk of stillbirth not only
during that week but during the
remaining weeks of gestation, we also
estimated the risk of stillbirth for
ongoing pregnancies based on gesta-
tional age with the following fraction:

http://www.AJOG.org


FIGURE 1
Cohort composition

Results represented as all cases(stillbirth cases) from the combined Texas and Washington State

databases with births that met the exclusion criteria sequentially eliminated. The final cohort for

analysis included 9030 stillbirths among 2,868,480 singleton nonanomalous births.

BMI, body mass index.

Yao. Obesity and the risk of stillbirth. Am J Obstet Gynecol 2014.

No: of stillbirths for given week of gestation þ all stillbirths that occured thereafter

All deliveries during and after the given week of gestation
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RESULTS

In this cohort of >2.8 million women
that delivered a singleton birth, 51.4%
were normal weight; 26.0% were over-
weight; 13.1% were class I obese; 5.8%
class II obese; 3.4% class III obese, and
0.4% had BMI �50 kg/m2. Subject
characteristics for each BMI class are
listed in Table 1. On average, women
with higher BMI at the start of preg-
nancy gained less weight, were older
than those with lower BMI, and had
achieved lower education levels. A higher
proportion was black and multiparous,
especially among the highest obesity
classes. They were more likely to smoke
and more likely to have diabetes mellitus
and hypertensive disorders in pregnancy.
Contrary to previous reports, obese
women demonstrated a trend toward
earlier delivery as BMI increased.

Among the stillbirth group who were
excluded fromanalysis because ofmissing
covariate data, the rate of exclusion was
similar from Washington and Texas.
Compared with stillbirths that were
included in the analysis, women who
were excluded were similar in age and
smoking. A proportionally larger number
of womenwho were excluded were black,
had lower education, were multiparous,
and delivered earlier (Table 2).

The HR for stillbirth that were asso-
ciated with each obesity class and strat-
ified by gestational periods is presented
in Table 3 and Figure 2. At each gesta-
tional age epoch, the risk for stillbirth
increased with increasing BMI. HR
increased gradually with gestational age
for overweight and class I and II groups
from 1.25, 1.38, and 1.28 at 30-33 weeks
to 1.33, 2.31, and 2.37 at 40e42 weeks,
respectively. However, class III obese
women and those with BMI �50 kg/m2

exhibited a different pattern; instead of
the gradual increase that is common to
the less extreme classes, the HR sharply
increased at the end of pregnancy. For
these 2 groups, the HR of 1.40 and 1.69,
which was seen at 30-33 weeks’
gestation, rose to 3.20 and 2.95 at 37e39
weeks’ gestation and jumped to 3.30 and
8.95 at 40-42 weeks’ gestation. The re-
sults are adjusted for other known risk
factors that are associated with stillbirth,
as described previously.
MONTH 2014 Am
The PARs that were associated with
obesity at each gestational period are
presented in Table 4. The overall disease
burden of stillbirth that is associated
with obesity (BMI, �30 kg/m2) was
19.6%, but the PAR was significantly
higher at term. From 37-39 weeks’ ges-
tation, 24.4% of stillbirths were associated
with obesity, which increased to 28.4% at
40-42 weeks’ gestation. The stillbirth risk
that was associated with morbid obesity
(BMI,�40 kg/m2) was 5.7%overall, 5.3%
erican Journal of Obstetrics & Gynecology 1.e3
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TABLE 1
Cohort characteristics

Variable Normal weight Overweight

Class Body mass
index ‡50 kg/m2I (30.0e34.9 kg/m2) II (35.0e39.9 kg/m2) III (‡40 kg/m2)

Washington, n 221,859 (40.4%) 173,436 (31.6%) 86,599 (15.8%) 40,430 (7.4%) 23,672 (4.3%) 3123 (0.6%)

Texas, n 1,252,048 (54.0%) 571,770 (24.7%) 287,805 (12.4%) 125,971 (5.4%) 72,600 (3.1%) 9166 (0.4%)

Total, n 1,473,907 (51.4%) 745,206 (26.0%) 374,404 (13.1%) 166,401 (5.8%) 96,272 (3.4%) 12,289 (0.4%)

Characteristics

Average weight
gain, lba

33.3 � 32.1 31.3 � 35.2 27.9 � 37.1 24.6 � 38.5 20.8 � 38.6 17.7 � 47.2

Mean maternal
age, ya

26.6 � 6.2 27.3 � 6.1 27.5 � 5.9 27.7 � 5.8 28 � 5.6 28.8 � 5.4

Height, ina 63.9 � 2.8 63.7 � 2.9 63.6 � 2.9 63.8 � 3.0 63.9 � 3.1 63.6 � 3.4

Race, %

White 44.4 40.5 39.4 42.0 42.7 40.1

Black 8.4 10.1 11.1 12.6 15.7 22.2

Hispanic 39.4 44.3 45.6 38.7 38.7 35.1

Other 7.9 5.2 3.9 2.9 2.9 2.6

Education, %

<12 y 24.1 27.1 26.4 23.1 20.2 19.6

High school
diploma

49.9 52.6 57.6 62.6 67.0 69.5

�Bachelor’s
degree

26.0 20.4 16.0 14.3 12.8 10.8

Smoking, % 8.3 8.5 9.5 10.1 11.0 10.5

Primiparous, % 42.1 33.9 30.4 29.8 29.9 29.3

No prenatal care, % 5.6 5.7 5.2 4.9 4.7 4.9

Assisted fertility, % 0.5 0.4 0.4 0.5 0.5 0.3

Pregestational
diabetes mellitus, %

0.3 0.6 1.1 1.7 2.5 3.8

Chronic
hypertension, %

0.5 0.9 1.7 2.8 4.6 8.8

Gestational diabetes
mellitus, %

2.6 4.5 6.7 8.6 10.6 13.5

Gestational
hypertension, %

3.4 4.9 6.7 8.7 10.5 13.4

Gestational age at
delivery, % (mean
birthweight, g)

<30 wk 0.8 (1095) 0.9 (1060) 1.1 (1009) 1.3 (1025) 1.6 (984) 1.8 (1035)

30-33 wk 1.3 (1963) 1.3 (1958) 1.5 (1969) 1.6 (1959) 1.8 (1919) 2.2 (1966)

34-36 wk 6.3 (2680) 6.3 (2749) 6.9 (2792) 7.4 (2833) 8.1 (2876) 9.7 (2933)

37-39 wk 63.5 (3263) 64.2 (3336) 65.1 (3376) 66.1 (3410) 67 (3442) 68.1 (3479)

40-42 wk 28.2 (3509) 27.2 (3570) 25.5 (3594) 23.5 (3617) 21.6 (3623) 18.2 (3616)

a Data are given as mean � standard deviation.

Yao. Obesity and the risk of stillbirth. Am J Obstet Gynecol 2014.
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TABLE 2
Characteristics of stillbirths not included in analysis
Variable Included in the study Missing variables

Washington, n 2249 (70.1%) 960 (29.9%)

Texas, n 6781 (69.5%) 2971 (30.5%)

Total, n 9030 (69.7%) 3931 (30.3%)

Characteristics

Maternal age, ya 29.5 � 7.5 29.2 � 7.7

Race, %

White 39.1 28.8

Black 16.5 21.1

Hispanic 38.0 38.1

Other 6.4 12.0

Education, %

<12 y 75.0 83.8

High school diploma 16.1 10.1

�Bachelor’s degree 9.0 6.1

Smoking, % 10.2 9.1

Primiparous, % 50.3 47.2

Gestational age at delivery, %

<30 wk 55.0 61.1

30-33 wk 12.9 12.1

34-36 wk 12.5 11.0

37-39 wk 15.6 12.0

40-42 wk 4.0 3.9

a Data are given as mean � standard deviation.

Yao. Obesity and the risk of stillbirth. Am J Obstet Gynecol 2014.
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at 37-39 weeks’ gestation and 8.0% at 40-
42 weeks’ gestation.

The fetuses who were at risk for still-
birth for each gestational week are pre-
sented graphically in Figure 3, stratified
by BMI class. For each obesity class, the
fetuses who were at risk for stillbirth
declined until 39 weeks’ gestation and
increased thereafter. There were no
stillbirths reported at 42 weeks’ gestation
for 2 of the groups, which may reflect a
general reluctance in practice to allow
pregnancy to continue 2 weeks past the
estimated date of delivery. Risk of stillbirth
was higher throughout gestation with
higher degrees of maternal obesity. This
relationship was especially evident for the
group with BMI>50 kg/m2; at 39 weeks’
gestation, the group of fetuses whowere at
risk for stillbirth was 5.7 times that of the
normal weight group; at 41 weeks’ gesta-
tion, the rate is 13.6 times higher.

COMMENT

This large, population-based cohort
study comprising >2.8 million women
reveals interesting data on the associa-
tion between maternal prepregnancy
BMI and stillbirth risk. First, we have
illustrated a dose-response relationship
between obesity and stillbirth through-
out pregnancy, which is consistent with
other reports.15,16 Additionally, our
study showed that, although the dose-
response relationship exists in every
gestational period, the impact of obesity
on risk of stillbirth is more pronounced
at term. Although this finding echoes the
MONTH 2014 Am
study reported by Nohr et al,14 our data
show that extremely high BMI affects
stillbirth differently compared with
lower BMI. The rate at which risk for
stillbirth increased for overweight and
class I and II obese women are linear
from 30-42 weeks’ gestation (Figure 2).
In contrast, among class III obese
women and those with BMI >50 kg/m2,
the risks appear to be nonlinear with
time; the risk of stillbirth escalates faster
with increasing gestational age in these
extreme classes. These findings re-
mained consistent after adjustment for
known confounding risk factors such as
chronic hypertension and pregestational
diabetes mellitus.

Our study further highlights the sig-
nificant contribution obesity makes to
stillbirth. Our data show that nearly 20%
of all stillbirths in this population were
associated with obesity, and at term—

after 37 weeks’ gestation—nearly 1 in
4 still births were associated with obesity.
These findings, if reproduced, would
make obesity the single most important
risk factor for stillbirth in the general
population. When considering the much
smaller subset of women who are
morbidly obese, the PAR for this group is
5.7% overall and as high as 8% at 40-42
weeks’ gestation. As a comparison, the
reported PARs for stillbirth for pre-
gestational hypertension and diabetes
mellitus, which are both classically
considered “high-risk” conditions in the
United States, are 8.0% and 3.9%,
respectively.22

Recently, Mandujano et al23 described
a method of calculating the risk of still-
birth for all undelivered pregnancies for
a given gestational age, that is, for fetuses
remaining at risk. We believe this is the
best method for studying stillbirth,
because the results from the given for-
mula allows for direct comparison with
NDR if all undelivered patients were
to be induced at the gestational age in
question. Using this method, we found a
gradual increase in fetuses who are at risk
for stillbirth after 41 weeks’ gestation for
normal-weight, overweight, and class I
obese women; a sharp increase at 41
weeks’ gestation for class III obese
women, and a sharp increase at 39weeks’
gestation for women in the group with
erican Journal of Obstetrics & Gynecology 1.e5
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BMI �50 kg/m2. When we compared
these results for each obesity class to the
NDR reported byMandujano et al, using
data from the National Center for Health
Statistics, we found that fetuses who are
at risk for stillbirth crosses NDR earlier
as BMI increases. The gestational age at
which fetuses who are at risk for stillbirth
exceeds NDR is 41 weeks for normal
weight and overweight women, 38 weeks
for class I obese women, 37 weeks for
class II and III obese women, and 36
weeks for women with BMI >50 kg/m2.
These findings point to the high risk
nature of obese pregnancies. They also
support the current widespread practice
of delivering most pregnancies by 41
rather than 42 weeks’ gestation among
our lower weight classes; perinatal
deaths began to increase at 41 weeks.

We analyzed a sizable cohort of >2.8
million pregnancies with >9000 still-
births. However, we acknowledge the
limitations to using this method. In
combining 2 databases, we are limited in
the scope of our analysis to variables that
are common to both datasets. Addition-
ally, differences in variable definition and
coding meant we had to convert some
variables from 1 state to match the other.
These 2 states were similar in the type
of information that was collected, and
potential errors in converting between
multiple states’ datasets were avoided. All
large population databases can be
affected by coding errors, missing data,
and data entry errors. We limited the
effects these errors may have on the
analysis by excluding cases wheremissing
or grossly inaccurate information was
apparent. However, in doing so, we
excluded 30% of stillbirths from analysis.
This group had a larger proportion of
black, multiparous women with lower
education level, which are all risk factors
that are associated with obesity among
the cohort that was analyzed. Although it
is unclear what effects this group may
have on our results, we speculate that
their exclusion leads to an underesti-
mated risk of stillbirth that is associated
with obesity. Because data from only
2 regions were used, we may incorporate
regional characteristics that cannot be
generalized to other populations. How-
ever, the 2 states that were selected are
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FIGURE 2
Risk of stillbirth by gestational period

The change in hazard ratio trend for each body mass index (BMI) class defined as the gestational

period increases.
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remote geographically from each other,
and their population characteristics (eg,
ethnic breakdown) are different, which
should minimize this concern.

As part of the analysis, we excluded
births that were complicated by birth
defects from the databases. Many of the
birth defects are either incompatible
with life or associated with undiagnosed
genetic conditions that increase risk for
stillbirth. This is evident in this database
in which 9% of stillbirths were noted to
have �1 birth defects, whereas only
0.25% of the live births were noted
to have any birth defects. The sensitivity
of the databases that were analyzed for
accurate recording of birth defects is
unclear. However, the rates of specific
birth defects that were excluded are
similar compared with the national rates
reported by the Center for Disease
Control from 2004-2006.24 We ac-
knowledge that the gestational age for a
reported stillbirth may not reflect accu-
rately the timing of death, that is, the
date of birth was recorded, but not the
date of death. Delay from the actual time
of stillbirth to time at which stillbirth is
diagnosed will likely shift the results to-
ward earlier gestation by an undeter-
minable length. However, the difference
seems to be negligible in term pregnan-
cies, based on previously published
reports.25,26 Finally, it has been our
experience and reported by others27 that
self-reported maternal prepregnancy
weight commonly is underestimated. If
anything, this would likely underesti-
mate the differences between outcomes
that were analyzed by weight class.

The strength of our study lies in the
consistency of our findings with the use
of various methods of statistical analysis.
We are able to demonstrate the risk of
stillbirth in our study population by
calculating the fetuses who were at risk
for stillbirth. Additionally, expressing
stillbirth risk (based on BMI) based on
the proportional hazards regression
model accounts for heterogeneity in
stillbirth risk across gestational age at
delivery. This approach also provides a
way to estimate adjustedHR based on the
fetuses who are at risk approach.28 The
2 analytical approaches yielded similar
results in terms of the effect of obesity on
stillbirth. Moreover, the large sample size
in our study permitted us to estimate
stillbirth risks in the extremely obese
women and to make adjustment for a
variety of confounders that previous
studies have been unable to accomplish.
Our study provides further support

for the concept that maternal obesity is
associated with risk for fetuses and
mothers. Although the findings as re-
ported here are significant, especially for
themost obese women for whom the risk
for stillbirth is 6-fold higher at 39 weeks’
gestation and 13 times higher at 41weeks’
gestation, these magnitude of the risk
actually may be underestimated; this
particular group has significantly higher
comorbidities that, by themselves, would
warrant frequent fetal testing and a ten-
dency toward earlier delivery. As noted
earlier, the rate of stillbirth for ongoing
pregnancies outstrips the rate of neonatal
death as early as 36 weeks’ gestation for
women whose BMI is �50 kg/m2 and at
37 weeks’ gestation for obese class II and
III women. It is unclear, of course,
whether delivery at this early a gestational
age is optimal, given the increased
neonatal morbidities that are associated
MONTH 2014 Am
with early-term birth. At a minimum,
based on the rapid rise in the rate of
stillbirth for the most obese women
(BMI, �40 kg/m2 and particularly �50
kg/m2) after 39 weeks’ gestation, we
believe that any marginal improvement
in maternal and neonatal morbidities are
unlikely to justify prolonging pregnancy
much beyond this point.

The mechanism that underlies the
observed association between obesity
and stillbirth remains elusive and likely
to be multifactorial. Obese women are
more likely to experience gestational
hypertensive disorders and gestational
diabetes mellitus, which are all risk fac-
tors for stillbirth. Some investigators
have suggested that increased apneic-
hypoxic events among obese women
plays an important role.29 Additionally,
we propose that the pattern of stillbirth
reported here (a sharp increase in the late
term period) may be explained by the
earlier development of uteroplacental
insufficiency among obese women
compared with normal weight women.
This may be attributed partly to the
increased growth velocity of fetuses
among obese women, which is evident
erican Journal of Obstetrics & Gynecology 1.e7

http://www.AJOG.org


FIGURE 3
Risk of stillbirth for remaining pregnancies

Week-by-week comparison of the risks of stillbirth for undelivered pregnancies for each body mass

index (BMI) class defined.
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TABLE 4
Population attributable riska,b

Obesity class Overall 95% CI

Weeks’ gestation

30-33 95% CI 34-36 95% CI 37-39 95% CI 40-42 95% CI

Overweight 8.55 7.12e10.20 6.02 2.16e10.14 6.82 2.70e11.15 8.45 4.61e12.51 7.95 0.00e15.48

Class Ic 8.48 7.37e9.67 5.12 2.16e8.38 7.61 4.57e10.94 10.96 7.92e14.20 13.88 8.24e20.30

Class IId 5.48 4.86e6.51 1.89 0.14e3.96 4.07 2.01e6.56 8.02 5.74e10.63 6.47 2.88e11.29

Class IIIe 4.73 4.06e5.46 1.76 0.31e3.59 3.04 1.34e5.21 4.43 3.20e5.92 5.78 2.77e10.23

BMI, �50 kg/m2 0.92 0.67e1.21 0.02 0.00e0.07 0.39 e0.10 to 1.29 0.88 0.32e1.82 2.24 0.89e5.08

All obesity (BMI, �30 kg/m2) 19.61 16.96e22.85 8.79 2.61e16.00 15.11 7.83e24.00 24.29 17.19e32.56 28.38 14.78e46.90

Morbid obesity
(BMI, �40 kg/m2)

5.65 4.73e6.67 1.78 0.31e3.66 3.43 1.25e6.50 5.31 3.52e7.74 8.02 3.65e15.31

BMI, body mass index; CI, confidence interval.

a Population-attributable risk based on adjusted hazard ratio; b Results adjusted for maternal age, primiparity, education, no prenatal care, race/ethnicity, smoking, chronic hypertension and
pregestational diabetes mellitus; c BMI, 30.0-34.9 kg/m2; d BMI, 35.0e39.9 kg/m2; e BMI, �40 kg/m2.

Yao. Obesity and the risk of stillbirth. Am J Obstet Gynecol 2014.
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by their risk for the development of
macrosomia30 and evidence for placental
inflammation and decreased placental
growth.31,32

To date, we have no data about the
utility of fetal surveillance (eg, car-
diotocography, nonstress testing, bio-
physical profile assessment) in reducing
the risk of stillbirth in obese women;
however, extrapolating from other
groups at increased risk of stillbirth, it
may be reasonable to undertake these
measures. Certainly, the obese abdom-
inal wall may make monitoring more
difficult than in other cases, and of
course, the positive predictive value of
antenatal testing is limited. Additionally,
because of the limitations of these data-
bases, we are unable to determine the
indications for delivery such as for
spontaneous labor or medically indi-
cated delivery. Answering this question
may help in determining the effective-
ness of current fetal surveillance regi-
mens and interventions in preventing
stillbirth. We believe that future efforts
should be directed toward the identifi-
cation of the optimal labor induction
time for each obesity class separately, the
determination of the utility of fetal sur-
veillance among obese women, and the
confirmation of the pathophysiologic
evidence behind the association between
obesity and stillbirth. -

http://www.AJOG.org


www.AJOG.org Obstetrics Research
REFERENCES

1. Ogden CL, Carroll MD, Kit BK, Flegal KM.
Prevalence of obesity in the United States,
2009e2010: NCHS data brief, no 82. NCHS
Data Brief 2012;82:1-8.
2. Freedman DS, Khan LK, Serdula MK,
Galuska DA, Dietz WH. Trends and correlates of
class 3 obesity in the United States from 1990
through 2000. JAMA 2002;288:1758-61.
3. Sturm R. Increases in clinically severe obesity
in the United States, 1986e2000. Arch Intern
Med 2003;163:2146-8.
4. Sturm R. Increases in morbid obesity in the
USA: 2000-2005. Public Health 2007;121:492-6.
5. Sturm R, Hatton A. Morbid obesity rates
continue to rise rapidly in the United States. Int J
Obesity 2013;37:889-91.
6. Kim SY, Dietz PM, England L, Morrow B,
CallaghanWM. Trends in pre-pregnancy obesity
in nine states, 1993e2003. Obesity (Silver
Spring) 2007;15:986-93.
7. Chu S, Kim S, Bish C. Prepregnancy obesity
prevalence in the United States, 2004-2005.
Mater Child Health J 2009;13:614-20.
8. Scott-Pillai R, Spence D, Cardwell CR,
Hunter A, Holmes VA. The impact of body mass
index on maternal and neonatal outcomes: a
retrospective study in a UK obstetric population,
2004-2011. BJOG 2013;120:932-9.
9. Centre for Maternal and Child Enquiries.
Maternal obesity in the UK: findings from a na-
tional project. London: CMACE; 2010.
10. Bhattacharya S, Campbell DM, Liston WA.
Effect of body mass index on pregnancy out-
comes in nulliparous women delivering
singleton babies. BMC Public Health 2007;7:
168-76.
11. Ovesen P, Rasmussen S, Kesmodel U. Ef-
fect of prepregnancy maternal overweight and
obesity on pregnancy outcome. Obstet Gynecol
2011;118:305-12.
12. Cedergren MI. Maternal morbid obesity and
the risk of adverse pregnancy outcome. Obstet
Gynecol 2004;103:219-24.
13. Chu SY, Kim SY, Lau J, et al. Maternal
obesity and risk of stillbirth: ametaanalysis. Am J
Obstet Gynecol 2007;9(197):223-8.
14. Nohr EA, Bech BH, Davies MJ,
Frydenberg M, Henriksen TB, Olsen J. Pre-
pregnancy obesity and stillbirth: a study within
the Danish national birth cohort. Obstet Gynecol
2005;106:250-9.
15. Salihu HM, Dunlop AL, Hedayatzadeh M,
Alio AP, Kirby RS, Alexander GR. Extreme
obesity and risk of stillbirth among black and
white gravidas. Obstet Gynecol 2007;110:
552-7.
16. Cnattingius S, Bergstrom R, Lipworth L,
KramerMS. Prepregnancyweight and the risk of
adverse pregnancy outcomes. N Engl J Med
1998;338:147-52.
17. Joseph KS, Huang L, Liu S, et al. Recon-
ciling the high rates of preterm and postterm
birth in the United States. Obstet Gynecol
2007;109:813-22.
18. World Health Organization. Obesity: pre-
venting and managing the global epidemic:
report of a WHO consultation: WHO Technical
Report Series 894. Geneva: World Health Or-
ganization; 2000.
19. Alanis MC, Goodnight WH, Hill EG,
Robinson CJ, Villers MS, Johnson DD. Maternal
super-obesity (body mass index � 50) and
adverse pregnancy outcomes. Acta Obstet
Gynecol Scand 2010;89:924-30.
20. Alanis MC, Villers MS, Law TI,
Steadman EM, Robinson CJ. Complications of
cesarean delivery in the massively obese
parturient. Am JObstet Gynecol 2010;203:271.
e1-7.
21. Marshall NE, Guild C, Chen YW,
Caughey AB, Halloran DR. Maternal super-
obesity and perinatal outcomes. Am J Obstet
Gynecol 2012;206:417.e1-6.
22. Flenady V, Koopmans L, Middleton P, et al.
Major risk factors for stillbirth in high-income
countries: a systematic review and meta-anal-
ysis. Lancet 2011;377:1331-40.
MONTH 2014 Am
23. Mandujano A, Waters TP, Myers SA. The
risk of stillbirth: current concepts of best gesta-
tional age for delivery. Am J Obstet Gynecol
2013;208:207.e1-8.
24. Parker SE, Mai CT, Canfield MA, et al.
Updated national birth prevalence estimates for
selected birth defects in the United States,
2004e2006. Birth Defects Res A Clin Mol Ter-
atol 2010;88:1008-16.
25. Yudkin PL, Wood L, Redman CW. Risk of
unexplained stillbirth at different gestational
ages. Lancet 1987;1:1192-4.
26. Ferguson R, Myers SA. Population study of
the risk of stillbirth and its relationship to birth-
weight, gestational age, and race. Am J Peri-
natol 1994;11:267-72.
27. FattahC,FarahN,O’TooleF,BarryS,StuartB,
Turner MJ. Body mass index (BMI) in women
booking for antenatal care: comparison between
self reported and digital measurements. Eur J
Obstet Gynecol Reprod Biol 2009;144:32-4.
28. Platt RW, Joseph KS, Ananth CV,
Grondines J, Abrahamowicz M, Kramer MS.
A proportional hazards model with time-
dependent covariates and time-varying effects
for analysis of fetal and infant death. Am J Epi-
demiol 2004;160:199-206.
29. Coletta J, Simpson LL. Maternal medical
disease and stillbirth. Clin Obstet Gynecol
2010;53:607-16.
30. Poston L, Harthoorn LF, Van Der
Beek EMContributors to the ILSI Europe Work-
shop. Obesity in pregnancy: implications for the
mother and lifelong health of the child: a
consensus statement. Pediatr Res 2011;69:
175-80.
31. ZhuMJ, DuM, Ford SP. Impacts ofmaternal
obesity on placental and gut inflammation and
health. J Anim Sci 2013 Nov 15. Epub ahead of
print.
32. Higgins L, Mills TA, Greenwood SL,
Cowley EJ, Sibley CP, Jones RL. Maternal
obesity and its effect on placental cell turnover.
J Matern Fetal Neonatal Med 2013;26:783-8.
erican Journal of Obstetrics & Gynecology 1.e9

http://refhub.elsevier.com/S0002-9378(14)00115-X/sref1
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref1
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref1
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref1
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref1
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref2
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref2
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref2
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref2
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref3
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref3
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref3
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref3
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref4
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref4
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref5
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref5
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref5
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref6
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref6
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref6
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref6
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref6
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref7
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref7
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref7
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref8
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref8
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref8
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref8
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref8
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref9
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref9
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref9
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref10
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref10
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref10
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref10
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref10
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref11
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref11
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref11
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref11
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref12
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref12
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref12
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref13
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref13
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref13
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref14
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref14
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref14
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref14
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref14
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref15
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref15
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref15
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref15
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref15
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref16
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref16
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref16
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref16
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref17
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref17
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref17
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref17
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref18
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref18
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref18
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref18
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref18
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref19
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref19
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref19
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref19
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref19
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref19
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref20
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref20
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref20
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref20
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref20
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref21
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref21
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref21
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref21
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref22
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref22
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref22
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref22
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref23
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref23
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref23
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref23
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref24
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref24
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref24
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref24
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref24
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref24
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref25
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref25
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref25
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref26
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref26
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref26
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref26
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref27
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref27
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref27
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref27
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref27
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref28
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref28
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref28
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref28
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref28
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref28
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref29
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref29
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref29
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref30
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref30
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref30
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref30
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref30
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref30
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref31
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref31
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref31
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref31
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref32
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref32
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref32
http://refhub.elsevier.com/S0002-9378(14)00115-X/sref32
http://www.AJOG.org

	Obesity and the risk of stillbirth: a population-based cohort study
	Materials and Methods
	Results
	Comment
	References


