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ABSTRACT
Background: In high-income countries, maternal obesity is one of
the most important modifiable causes of stillbirth, yet the pathways
underpinning this association remain unclear.
Objective: We estimated the association between maternal prepreg-
nancy body mass index (BMI) and the risk of stillbirth defined by
pathophysiologic contributors or causes.
Design: Using a case-cohort design, we randomly sampled 1829
singleton deliveries from a cohort of 68,437 eligible deliveries at
Magee-Womens Hospital in Pittsburgh, Pennsylvania (2003–2010),
and augmented it with all remaining cases of stillbirth for a total of
658 cases. Stillbirths were classified based on probable cause(s) of
death (maternal medical conditions, obstetric complications, fetal ab-
normalities, placental diseases, and infection). A panel of clinical
experts reviewed medical records, placental tissue slides and pathol-
ogy reports, and fetal postmortem reports of all stillbirths. Causes of
fetal death were assigned by using the Stillbirth Collaborative Re-
search Network Initial Causes of Fetal Death protocol from the Eunice
Kennedy Shriver National Institute of Child Health and Human De-
velopment. Proportional hazards models were used to estimate the
BMI-stillbirth association after adjustment for confounders.
Results: The rate of stillbirth among lean, overweight, obese, and
severely obese women was 7.7, 10.6, 13.9, and 17.3 per 1000 live-
born and stillborn infants, respectively. Adjusted stillbirth HRs (95%
CIs) were 1.4 (1.1, 1.8) for overweight, 1.8 (1.3, 2.4) for obese, and
2.0 (1.5, 2.8) for severely obese women, respectively, compared with
lean women; associations strengthened when limited to antepartum
stillbirths. Obesity and severe obesity were associated with stillbirth
resulting from placental diseases, hypertension, fetal anomalies, and
umbilical cord abnormalities. BMI was not related to stillbirth caused
by placental abruption, obstetric conditions, or infection.
Conclusions: Multiple mechanisms appear to link obesity to stillbirth.
Interventions to reduce stillbirth among obese mothers should consider
targeting stillbirth due to hypertension and placental diseases—the
most common causes of fetal death in this at-risk group. Am J
Clin Nutr 2015;102:858–64.
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INTRODUCTION

Worldwide, 3.2 million stillbirths occur annually, nearly equal-
ing the yearly total of early neonatal deaths (3.0million) andmore

than the annual number of deaths from HIV/AIDS (1.8 million)
(1,2).Stillbirthismostfrequent inlow-incomeregionsoftheworld,
but it also remains a major public health problem in developed
countries (2). Of all high-income countries, the rates of stillbirth in
UnitedStatesandUnitedKingdomareamongthehighest (3). In the
United States, therewere nearly 26,000 reported stillbirths in 2006
(6.1 per 1000 live-born and stillborn infants) (4), and in the United
Kingdom, there were .3800 reported stillbirths in 2011 (5.2 per
1000 live-born and stillborn infants) (5).

Arecent analysisof96publishedarticles reported thatmorecases
of stillbirth in high-income countries are attributable to maternal
overweight and obesity than to other knownmodifiable risk factors,
including smoking, low maternal education, or advanced maternal
age (6). Meta-analyses have consistently reported 20–50% and 60–
100% increases in the risk of stillbirth among overweight [BMI (in
kg/m2) 25–29.9] and obese (BMI$30) women, respectively (6–8).
Nevertheless, stillbirth is a heterogeneous condition, and the path-
ways by which obesity leads to stillbirth remain unclear. The few
published studies on BMI and stillbirth by cause have been limited
by small samples and reliance onmedical registries to assign cause
of death (9–11). Large, comprehensive studies with cause of death
assigned in a standardizedmanner that use high-quality information
onplacentalpathology, fetal postmortemexamination, andmaternal
and fetal testing are needed to understand cause-specific stillbirth
predictors and prevention strategies among obesewomen (12). Our
objective was to estimate the association between maternal pre-
pregnancy BMI and stillbirth defined by pathophysiologic con-
tributors or causes.

METHODS

SWIM is a case-cohort study designed to examine maternal
obesity,weightgain,and theriskoffetaldeath thatwasapprovedby
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the University of Pittsburgh Institutional Review Board. We used
a case-cohort design because (1) serial prenatal weights and other
key covariate data had to be abstracted from medical records, and
this design provides nearly equal statistical efficiency as a cohort
study while reducing chart abstraction costs; (2) controls can be
selected from the subcohort for multiple endpoints, such as infant
deathoradversepregnancyoutcomes;and(3) informationfromthe
randomlyselectedsubcohortcanbeused toestimate theprevalence
of exposures in the original cohort.

Weusedapopulationofsingletondeliveriesfrom2003to2010at
Magee-WomensHospital ofUPMCinPittsburgh,Pennsylvania—
an academic center withw10,000 annual deliveries. The eligible
populationwas identifiedwith theMageeObstetrics,Medical, and
Infant Database, an electronic database comprising all admissions
to labor and delivery at the hospital. The database is surveyed to
maintain its accuracy by comparison at randomwith patient charts
and by examining frequencies for variables that contain data out-
liers, which, once identified, are verified or corrected by means of
medical chart review.

Of the 68,437 singleton deliveries in the cohort, we randomly
sampled 1829 to form a representative subcohort used for com-
parisons.Weaugmentedthesubcohortwithallremainingstillbirths
fora total of747cases (13).Weexcluded20stillbirthswithmissing
medicalrecordsand69casesthat, throughastructuredchartreview,
were determined to be elective abortions or fetal deaths ,16 wk
(and therefore did not meet our definition of stillbirth). The final
analytic sample included 658 stillbirths. The study had .80%
power to detect HRs of 1.5 for obese or severely obese women,
assuming a = 0.05.

Stillbirthswere identifiedwith thehospitalperinatal database and
PennsylvaniaCertificatesofFetalDeath.InPennsylvania,stillbirthis
definedasadelivery that results ina fetusof$16wkofgestation that
shows no evidence of life after it is entirely ex utero. Cases of
pregnancy termination are not included. To systematically assign
likely cause(s) of fetal death, we used the Eunice Kennedy Shriver
National Institute of Child Health and Human Development Still-
birth Collaborative Research Network (SCRN) Initial Causes of
FetalDeath protocol (14). This tool uses evidence-based definitions
to classify conditions as probable (a high likelihood as the cause of
fetaldeath),possible (reasonablecertaintyof thecause; it is involved
in the pathophysiologic sequence that led to the fetal death), or
present (a condition of interest) (14).Whenmore thanone condition
was noted as a cause of death, all were documented without desig-
nation of one as the primary cause.

Two obstetricians (at least one of whom was a maternal-fetal
medicine physician) independently reviewed the medical record,
including placental pathology and postmortem examination re-
ports, of each stillbirth. A perinatal pathologist (WTP), who was
blinded to all information about the case except for the gestational
age at delivery, reexamined stored placental slides from cases by
using a standardized framework. Gestational age at delivery was
made available to the perinatal pathologist to classify villous
maturation as advanced, appropriate, or delayed. A physician then
presented each case to a jury of clinical experts, which comprised
a chairman [who is also a maternal-fetal medicine specialist
(HNS)], theperinatalpathologist, and thephysicianswhoreviewed
the records. The jury, which had medical records and reports
available for re-review, discussed each case and designated still-
birth cause(s). When the jury could not come to a consensus, the
chairman made the final decision.

For analysis, we grouped stillbirths into the following cate-
gories based on possible or probable cause(s): maternal medical
conditions during pregnancy (e.g., hypertensive disorder, di-
abetes, lupus); obstetric complications (e.g., intrapartum fetal
death, preterm labor, fetal maternal hemorrhage); fetal genetic,
structural, and karyotypic abnormalities (e.g., aneuploidy,
hydrops, abdominal wall defects); placental diseases (e.g., fetal
thromboembolism, maternal villous infarcts, accelerated villous
maturation); maternal, fetal, or placental infection (e.g., fetal
infection inmembranesorvitalorgans, clinical chorioamnionitis,
severematernal infection); andother conditions (e.g.,maternal or
fetal hematologic conditions, other pertinent conditions) (14). A
detailed list of conditions included in each category is in Sup-
plemental Table 1.

For95.8%oflivebirthsand86.9%ofstillbirths,gestationalageat
delivery was based on best obstetrical estimate comparing last
menstrualperioddatingwith thefirst availableultrasoundwhen the
fetus was alive (15).Menstrual datingwas usedwhen therewas no
availableultrasoundreport indicating that the fetuswasalive (3.5%
oflivebirths;4.3%ofstillbirths).Fortheremainingpregnancies,the
clinical estimate recorded in the medical record was used alone
(0.7%of livebirths; 3.2%of stillbirths)or incombinationwith fetal
foot lengthandmacerationgrade(5.6%ofstillbirths).Todetermine
gestational age at fetal death, we used an algorithm that in-
corporated the length of the interval between the date the fetuswas
last documented aliveand the date the fetuswasdiagnosed as dead,
the reliability of the estimated delivery date, and fetal foot length
and maceration grade (16).

PrepregnancyBMIwasbasedon self-report at thefirst prenatal
visit [median (IQR): 9 (7–11) wk of gestation]. Prepregnancy
BMI was categorized as lean (BMI ,25), overweight (BMI 25
to ,30), obese (BMI 30 to ,35), or severely obese (BMI $35).
There were too few underweight women (4% with BMI,18.5) to
categorize them separately from normal-weight women. Self-
reported data on race-ethnicity, marital status, education, parity,
and smoking, as well as information on pre-existing conditions
and the gestational age at entry to prenatal care, were retrieved
from medical charts.

Missing data

Of the 2487 pregnancies in the analytic sample, 15% (n = 378)
were missing pregravid weight, and fewer were missing gesta-
tional age at entry to care (n = 233), parity (n = 94), education (n =
74), height (n = 19), smoking status (n = 14), or race-ethnicity
(n = 1). To jointly address these missing data, we used multiple
imputation to create 25 imputed data sets with a Markov chain
Monte Carlo approach assuming a multivariable normal distri-
bution (17, 18). Prepregnancy weight, height, parity, gestational
age at the first visit, maternal education, smoking, and race-
ethnicity were imputed by including maternal age, weight at
delivery, gestational age at delivery, marital status, the sample
weight, and case status in the imputation model (17, 18).

Statistical analysis

Pearsonx2 tests adjusted for the case-cohort designwere used to
test for independence in stillbirth rates by BMI category.We fitted
competing risk Cox proportional hazards models with gestational
age as the time scale (stcrreg in Stata). Risk sets consisted of one
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stillbirth and all subcohort subjects who were at risk at the gesta-
tional age of the stillbirth. Live births were considered competing
risks for stillbirth cases. When antepartum stillbirth was the out-
come of interest, live births and intrapartum deaths were com-
peting risks.Whenwe studied cause-specific fetal death, stillbirths
with the cause of interest (regardless of whether other causes were
also probable or possible) were failures, and stillbirths due to any
other cause and livebirthswere competing risks.Toaccount for the
case-cohort design, we weighted models with the Barlow method
and used robust variance estimators (19). We used a time-by-
exposure interaction termand visual assessment of the log-log plot
of survival to test for departures from proportionality in the sub-
hazards. Tied survival times were handled with Efron’s method,
and ties in which one subject experiences multiple events were
addressed by weighting (20). Restricted cubic spline terms with
4 knots in the default positions were used to allow for flexible
nonlinear relations (21). All models included maternal race-
ethnicity, age, education,marital status, parity, smoking status, and
trimester of entry to prenatal care, which were identified as con-
founders by using theory-based causal diagrams (22). We did not
adjust for birth weight or pre-existing diabetes or hypertension
because theymay lie on the causal pathway frommaternal obesity
to stillbirth (23).

RESULTS

Approximately 57% of women in the subcohort were lean, and
25%, 10%, and 8.2% were overweight, obese, and severely obese,
respectively (Table 1). The subcohort was predominantly non-
Hispanic white, married, parous nonsmokers who entered prenatal
care in the first trimester. Nearly half of the subcohort was at least
30 y old and had graduated from college. Women who delivered
stillbirths were more likely than members of the subcohort to be
non-Hispanic black, unmarried, and smokers and to have pre-
existing conditions (Table 1).

The incidence of stillbirth in the cohort was 9.9 per 1000
pregnancies. When stillbirths 16–19 wk were removed, the in-
cidence was 6.4 per 1000. Antepartum stillbirths (fetal death be-
fore labor) made up 78% of cases (n = 513) and occurred at 16–19
wk (32%), 20–27wk (28%), 28–36wk (26%), and$37wk (14%).
In contrast, most intrapartum stillbirths (fetal death during labor)
(n = 145) occurred at 16–19 wk (49.0%) or 20–27 wk (42%), with
a smaller percentage at 28–36 wk (4.8%) and$37 wk (4.1%).

Approximately 94% of stillbirths had placental histology slides
stored that we could retrieve for reanalysis, and 69% had a fetal
postmortem examination. We identified a probable cause in 483
(73%) stillbirths and a probable or possible cause in 544 (83%)
stillbirths. The distribution of stillbirth causes varied depending on
the timingof labor andgestational age (Table2). Intrapartumcases
were predominantly due to obstetric complications (pretermbirth)
and preterm-related abruption and/or infection, whereas placental
disease and maternal medical complications were more common
in antepartum cases. Stillbirths occurring at 16–19 wk were pre-
dominantly caused by intrapartum deaths due to preterm birth,
whereas later in pregnancy, the causes were more varied. Results
were similar whenwe based cause of death only on probable cause
(Supplemental Table 2).

The unadjusted cumulative incidence of stillbirth rose with in-
creasing maternal prepregnancy BMI category, from 7.7 per 1000
live-born and stillborn infants among leanwomen to 17.3 per 1000

among severely obese women (Table 3). After adjustment for
maternal race-ethnicity, age, education, parity, marital status,
smoking status, and trimester of entry to prenatal care, the hazard
of stillbirth was 40%, 80%, and 100% greater among overweight,
obese, or severely obese women, respectively, than lean women.
There was no meaningful departure from proportional hazards.
The curvilinear dose-response association between prepregnancy
BMI and the adjusted stillbirth HR is demonstrated in Figure 1.
Results were not meaningfully different when we restricted the
analysis to observations with complete data, to stillbirths at $20
wk, or to patients receiving antenatal care at our hospital (Sup-
plemental Table 3).When stillbirth cases were categorized based
on timing of labor, high BMI was associated with antepartum
stillbirth but not intrapartum stillbirth (Table 3).

The unadjusted rates of stillbirth attributable to placental
disease, maternal medical condition, fetal genetic or structural
abnormality, and umbilical cord abnormality varied by pre-
pregnancy BMI category (all P , 0.05; Table 4; see Supple-
mental Table 4 for associations with subtypes of causes of death

TABLE 1

Characteristics of pregnancies in the subcohort and pregnancies with

a stillbirth, Magee-Womens Hospital, Pittsburgh, Pennsylvania (2003–

2010)

Subcohort,

n (%)

Stillbirths,

n (%)

Prepregnancy BMI, kg/m2

,25 1043 (57) 292 (44)

25–29.9 457 (25) 173 (27)

30–34.9 183 (10) 100 (14)

$35 146 (8) 93 (15)

Maternal race-ethnicity

Non-Hispanic white 1427 (78) 428 (65)

Non-Hispanic black 329 (18) 191 (29)

Other 73 (4) 39 (6)

Parity at conception of index pregnancy

0 805 (44) 276 (42)

$1 1024 (56) 382 (58)

Maternal age, y

,20 128 (7) 66 (10)

20–29 805 (44) 283 (43)

$30 896 (49) 309 (47)

Marital status

Unmarried 622 (34) 329 (50)

Married 1207 (66) 329 (50)

Maternal education, y

Less than high school 146 (8) 145 (22)

High school or equivalent 421 (23) 145 (22)

Some college 402 (22) 171 (26)

College graduate 860 (47) 197 (30)

Pre-existing diabetes or hypertension

No 1756 (96) 605 (92)

Yes 73 (4) 53 (8)

Pre-existing mood disorder

No 1591 (87) 546 (83)

Yes 238 (13) 112 (17)

Trimester of entry to prenatal care

First 1427 (78) 467 (72)

Second 293 (16) 165 (25)

Third 110 (6) 20 (3)

Ever smoked during pregnancy

No 1591 (87) 513 (78)

Yes 238 (13) 145 (22)
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with at least 50 cases). After adjustment for confounders, obese
and severely obesewomenwere approximately twice as likely as
lean women to deliver a stillbirth due to a fetal anomaly or
a placental disease. The relation with placental disease remained
after excluding the 46 cases with hypertensive disorders of
pregnancy as an additional cause of death. The confounder-
adjusted hazards of stillbirths due tomaternalmedical conditions
were 2- and 3-fold greater among obese and severely obese
women, respectively, compared with the same referent. The as-
sociation was driven by cases of maternal hypertensive dis-
orders, which made up 71% of the medical conditions.

HRs for stillbirth due to umbilical cord abnormality were also
increased forobesewomenbutdidnot reachstatistical significance
for severely obesewomen.However, powerwas limited, with only
9 cases among severely obese mothers. Results were similar when
we restricted the analysis to the 35 stillbirth cases in which cord
abnormality was the only cause of death—overweight unadjusted
HR of 2.9 (95%CI: 1.2, 6.7), obesity HR of 3.4 (95%CI: 1.2, 9.2),
and severe obesity HR of 2.3 (95% CI: 0.72, 7.6)—but there were
too few cases to perform multivariable modeling.

There were no meaningful associations between BMI category
and stillbirths accompanied by placental abruption, obstetric
complication, or infection. After stillbirths with abruption were
limited to those with antepartum timing (n = 100), adjusted HRs
(95%CIs) for overweight, obese, and severely obesewomenwere
1.2 (0.67, 2.1), 1.6 (0.83, 3.1), and 1.5 (0.74, 3.1), respectively. For
antepartum stillbirth due to infection (n = 84), there was a statis-
tically significant association for maternal obesity (adjusted HR:
2.2; 95% CI: 1.1, 4.4; n = 15 cases) but not for severe obesity
(adjustedHR: 1.5; 95%CI: 0.7, 3.2; n= 9 cases). Avaried group of
bacterial and viral infections was present in all BMI groups, and
samples were too small to detect pattern(s) of organisms more
common among obese women.

DISCUSSION

We found that prepregnancy obesity was associated with an
elevated risk of all-cause stillbirth and antepartum stillbirth. After
separation of stillbirths based on standardized classifications of
cause of death and adjustment for confounders, high BMI was
associated with stillbirth accompanied by placental disease,
maternal hypertension, fetal genetic or structural abnormalities,

umbilical cord abnormalities, andantepartum infections.Maternal
BMI had no relation with stillbirth due to obstetric conditions or
placental abruption.

Our results are consistent with the many published studies
associating maternal prepregnancy obesity (6–8, 10, 11, 24–26)
or early pregnancy obesity (8, 9, 27–30) with an increased risk of
all-cause stillbirth and 3 articles on maternal BMI and cause-
specific stillbirth (9–11). Previous studies (10, 11) used national
registries to assign causeof deathbasedonAndersen et al. criteria
(31) or did not comment on the criteria used (9), and many
stillbirths remained unexplained (9–11). These investigators
reported that obesity was associated with stillbirth caused by
hypertension (9) or placental dysfunction (10, 11), but they could
not comment on other causes because of small samples. Obesity
is a well-known contributor to preeclampsia, hypertension, and
diabetes (32) as well as placental dysfunction—even in the ab-
sence of hypertension (33)—which lends support to its extension
to fetal death.

The association between obesity and stillbirth due to fetal
anomalies may be attributable to underlying nutritional or meta-
bolic aberrations of obesewomen (34), including folate deficiency
(35) and/or impaired glucose control (36, 37). Alternatively, pre-
natal diagnosis of anomalies byultrasound is less sensitive inobese
women (38), so there may be differential rates of pregnancy ter-
mination by BMI in our cohort. We lacked data to inform these
distinctions.

Ourfinding thatobesewomenwereathigher riskof stillbirthdue
to umbilical cord abnormalities was unexpected. Little has been
written about risk factors for cord abnormalities to help guide our
understandingof this result. In a largeFinnish study,maternalBMI
.25 was associated with a true umbilical knot, but cases were not
separated into live born or stillborn, and results were not adjusted
for confounders (39). If obesity is a true risk factor for cord ab-
normalities, then exploring this relation further may provide in-
sight into conditions that are generally considered unpredictable
and unexplained.

We found no relation between prepregnancyBMI and stillbirths
caused by obstetric complications, nearly all of which were
intrapartumstillbirthswithpretermlaborat#27wkofgestation.A
meta-analysis also reported no association between BMI and in-
trapartum stillbirths (8). Although it is still controversial whether
high BMI is a risk factor for preterm birth after spontaneous labor

TABLE 2

Frequency of stillbirth by probable or possible cause, presence of labor, and timing in gestation1

Cause of death Total, n (%)

Timing of stillbirth, n (%) Gestational age, wk, n (%)

Antepartum Intrapartum 16–19 20–27 28–36 $37

Placental abruption 173 (26) 100 (19) 73 (50) 58 (24) 58 (29) 52 (37) 5 (6.3)

Placental disease 157 (24) 143 (28) 14 (9.7) 25 (10) 58 (29) 53 (38) 21 (27)

Obstetric complications 151 (23) 19 (3.7) 132 (91) 75 (32) 60 (30) 10 (7.2) 6 (7.6)

Infection 123 (19) 84 (16) 39 (27) 55 (23) 40 (20) 18 (13) 10 (13)

Maternal medical complications 105 (16) 98 (19) 7 (4.8) 13 (5.5) 27 (13) 50 (36) 15 (19)

Fetal genetic structural abnormalities 99 (15) 89 (17) 10 (6.9) 32 (14) 31 (15) 24 (17) 12 (15)

Umbilical cord abnormalities 72 (11) 61 (12) 11 (7.6) 9 (3.8) 24 (12) 18 (13) 21 (27)

Other 12 (1.8) 10 (2.0) 2 (1.4) 3 (1.3) 6 (3.0) 2 (1.4) 1 (1.3)

Any cause 544 (83) 399 (78) 145 (100) 171 (72) 179 (87) 130 (93) 71 (87)

Total 658 (100) 513 (100) 145 (100) 237 (100) 203 (100) 139 (100) 79 (100)

1Numbers for causes of death do not equal the total because some cases had multiple causes.
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in live-born infants (40, 41), our results suggest that BMI is not
associated with intrapartum fetal death due to preterm labor.

Our distribution of the timing and causes of stillbirth was very
similar toSCRN,anetworkofinvestigators in5UScatchmentareas
(42). SCRN applied the initial causes of fetal death to a large
population-basedcohortoffetaldeathsat$18wkofgestation(42).
One notable difference was our higher rate of abruption-related
stillbirth. SCRNattributed abruption as the causeof stillbirthwhen
both clinical and histologic evidence was present, whereas we
required either. SCRN investigators also observed a sizable pro-
portion of intrapartum stillbirths (17% compared with 22% in our
sample),most ofwhich occurred before 24wk (42).Our hospital is
a tertiary care center and receives transfer of patients with imminent

periviable pretermbirth froma large referral base.Our samplewasnot
population based, and therefore our results may not generalize to all
US pregnant women. Our center has one of the largest single-center
delivery volumes in the United States, providing us with a large,
contemporary sample of white and black women.

Weidentifiedstillbirthsretrospectively,whichlimitedourability
to ensure that all cases had a full stillbirth workup, including
postmortem examination and the appropriate maternal and fetal
testing. Genetic diagnoses in our center relied on karyotype
analysis, and this may underestimate anomalies compared with
microarray analysis (43). Fortunately, we carried out this study in
ahospitalwith a standardized comprehensiveapproach to stillbirth
workup and trained perinatal pathologists on staff for thorough
placental and fetal tissue review. Our use of the Initial Causes of
Fetal Death protocol to assign cause of death is a major strength
because it is based on strict diagnostic criteria that were developed
from published literature and knowledge of the pathophysiologic
sequences that lead to stillbirth (14). Our independent review of
each stillbirth case by one perinatal pathologist and one group of
physicians, followed by a discussion and assignment of cause
of death, increases the likelihoodof consistent classification across
all cases.

Wereliedontheclinicalestimateofgestationalageatdeliveryfor
more stillbirths than live births—predominantly because of a lack
of prenatal records transferred with high-risk pregnancies. The
clinical estimate of gestational age is thought to be less prone to
bias thanmenstrual dating alone (44), and restricting the analysis
to women who received care at our center had no meaningful
impact on the results. Data to calculate prepregnancy BMI were
missing in 16% of our sample. However, the similarity of our
results before and after multiple imputation suggests that selec-
tion bias is not likely to be a major concern. Some subtypes of
stillbirth had limited numbers of severely obese women, which
may have limited our ability to detect moderate associations. In

TABLE 3

Association between maternal prepregnancy BMI category and stillbirth1

Outcome/prepregnancy BMI

category

Cases,

n

Unadjusted rate2 per 1000 live-born

and stillborn infants (95% CI)

Unadjusted HR

(95% CI)

Adjusted HR

(95% CI)3

Stillbirth

Lean 292 7.7 (6.7, 8.7)* 1.0 (reference) 1.0 (reference)

Overweight 173 10.6 (8.7, 12.5) 1.4 (1.1, 1.7) 1.4 (1.1, 1.8)

Obese 100 13.9 (10.3, 17.5) 1.8 (1.4, 2.4) 1.8 (1.3, 2.4)

Severely obese 93 17.3 (12.9, 21.8) 2.3 (1.7, 3.1) 2.0 (1.5, 2.8)

Antepartum stillbirth

Lean 220 5.8 (4.9, 6.6)* 1.0 (reference) 1.0 (reference)

Overweight 135 8.5 (6.8, 10.1) 1.5 (1.1, 1.9) 1.5 (1.1, 1.9)

Obese 82 11.5 (8.3, 14.8) 2.0 (1.5, 2.8) 2.0 (1.4, 2.7)

Severely obese 76 14.2 (10.3, 18.2) 2.5 (1.8, 3.5) 2.3 (1.6, 3.2)

Intrapartum stillbirth

Lean 72 2.0 (1.5, 2.5) 1.0 (reference) 1.0 (reference)

Overweight 38 2.2 (1.5, 3.0) 1.1 (0.7, 1.7) 1.2 (0.7, 1.8)

Obese 18 2.5 (1.2, 3.8) 1.2 (0.7, 2.3) 1.2 (0.6, 2.2)

Severely obese 17 3.3 (1.6, 5.0) 1.6 (0.9, 2.9) 1.4 (0.8, 2.6)

1BMI (in kg/m2): lean,,25; overweight, 25 to,30; obese, 30 to,35; and severely obese,$35.MedianBMI in eachBMI

category is as follows: lean, 21.7; overweight, 26.8; obese, 32.1; and severely obese, 39. The number ofwomen in the subcohort

for eachBMIcategory is as follows: lean,n=1043;overweight,n=457;obese,n=183; severelyobese,n=146.*P,0.05based

on a Pearson x2 test of independence adjusted for the case-cohort design.
2Based on the weighted cohort.
3Adjusted formaternal race-ethnicity,maternal age,maternal education, parity, smoking during pregnancy,marital status,

and trimester of entry to prenatal care.

FIGURE1 AdjustedHRs (solid line) and 95%confidence intervals (dashed
lines) for stillbirth according tomaternal prepregnancyBMI (in kg/m2; reference
value is a BMI of 20). Dose-response relations were modeled with a 4-knot
restricted cubic spline at BMI values of 18.7, 21.7, 24.2, 28.0, and 38.5.
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addition, it is possible that maternal obesity and stillbirth share
a common cause that we did notmeasure, such as stress, access to
health care, or a genetic marker, and may lead to confounding
bias.

Our data suggest that multiple mechanistic pathways link ma-
ternal obesity to stillbirth. Interventions to reduce stillbirth among
obese mothers should consider targeting stillbirths due to hyper-
tensionorplacentaldisease,because thesewere themostcommon
causesoffetaldeathamongobesemothers.Moreover, researchers
should evaluate the potential variability by BMI in the effec-
tiveness of tests aimed at preventing stillbirth in the general ob-
stetric population (e.g., fetal growth ultrasound, nonstress tests).
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