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Obesity is a chronic condition linked
with diabetes, stroke, coronary artery
disease, and hypertension. 1 The esti-
mated prevalence of obesity in the United
States (26.7%)  and Rhode Island
(24.9%) has increased over the past de-
cades.2,3 Obese women are at increased
risk for pregnancy complications and
poor birth outcomes. Specifically, pre-
pregnancy obesity has been associated
with birth defects, especially neural tube
defects and congenital heart defects. 4

However, less is known about the rela-
tionship of obesity with birth defects in
Rhode Island.

METHODS
A case-control study was conducted

among Rhode Island births during 2007-
2009.  Cases were defined as newborns
born during 2007-2009 at Women &
Infants Hospital (Providence, RI) and
Kent Hospital (Warwick, RI) with at least
one diagnosed birth defect.  A birth de-
fects case was identified using ICD-9 (In-
ternational Statistical Classification of
Diseases, 9th Edition) codes 740-759, and
760.71. Controls were defined as Rhode
Island resident births born in 2007-
2008 with no diagnosed birth defect.
Controls were taken from the Rhode Is-
land Pregnancy Risk Assessment Moni-
toring System (PRAMS), a survey that
asks new mothers about behaviors and
experiences before, during and after
pregnancy.

Prepregnancy obesity was based on
height (cm) and prepregnancy weight
(kg) of the mother to calculate a body
mass index (kg/cm2).  Obesity is defined
as having a body mass index (BMI) >30.
Height and pre-pregnant weight data for
cases were collected through prenatal
care documents via medical chart review.
Height and prepregnant weights for con-
trols were collected from PRAMS survey
responses (self-reported data).  Cases and
controls that did not have both maternal

height and/or prepregnant weight data
were excluded.  Demographics for cases
and controls were examined and signifi-
cant differences were identified for ana-
lytical adjustment.   To compare popula-
tion characteristics between study cases
and controls, weighted PRAMS percent-
ages were calculated to reflect Rhode Is-
land population distribution.

Data were analyzed
by birth defects body sys-
tems (cardiovascular, mus-
culoskeletal, etc.).  The car-
diovascular birth defects
body system was further
classified into structural
groups of congenital heart
defects (conotruncal, sep-
tal, and obstruction).  Lo-
gistic regression was used
to analyze the relationship
between prepregnancy
obesity and birth defects
outcomes, controlling for
diabetes mellitus and low
birth weight to produce
an adjusted odds ratio es-
timate (aOR).  Pre-gesta-
tional diabetes was col-
lected through medical
chart review for the cases
and collected through
PRAMS responses for the
controls.  Gestational dia-
betes was not included in
this analysis since it devel-
ops during pregnancy.
Low birth weight is de-
fined as less than 2,500
grams (~5.5 lbs). Statisti-
cal analysis was performed
using SAS software.

RESULTS
Of the 1,317 po-

tential birth defects
study cases for 2007-
2009, 995 (76%) had

maternal heights and prepregnancy
weights for BMI calculation, and were
included in the study. Among 2,668
PRAMS respondents from 2007-
2008, 2,521 (95%) had maternal
heights and weights for BMI calcula-
tion. Among this group, 2,344 (93%)
did not have a birth defect, and were
included in the study.
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Table 1 shows the population characteristics of study cases
and controls by selected demographics.  Among 995 birth de-
fects cases, 233 (23.4%) were obese prior to becoming preg-
nant.  This is higher than the controls, where 17.1% were obese
prior to their pregnancy.  Low birth weight and preterm deliv-
ery rates among the cases (16.3% and 19.3%, respectively) were
more than twice the rates of the control group (7.2% and 8.4%,
respectively).  There were a higher proportion of males among
the case group (60.2%) compared to the controls (51.4%). Other
demographic variables such as maternal age, core city status, and
maternal education show a fairly similar population distribution
across specific subpopulations among cases and controls.

Table 2 shows the measures of association between pre-preg-
nancy obesity and selected birth defects groups adjusted for diabe-
tes and low birth weight.  A subset of 45 birth defects categorized as
severe and important by the National Birth Defects Prevention
Network (www.nbdpn.org) shows an aOR of 1.38 (1.09 – 1.74).
Cardiovascular defects also show a relationship with prepregnancy
obesity with an aOR of 1.43 (1.05 – 1.95).  After classifying these
cardiovascular defects into three congenital heart defects groups (sep-
tal, conotruncal, and obstruction), conotruncal heart defects showed
a higher degree of association with prepregnancy obesity (aOR =
1.88, CI 1.09 – 3.24) than the other heart defects groups.  There
were no significant findings among other body system groups such
as orofacial and genitourinary defects.

DISCUSSION
Conotruncal defects are a group of congenital heart defects

that show the strongest association with pre-pregnancy obesity in
this study. During the 4th week of gestation, a fetal structure called
the conotruncus is formed. This structure is the basis for the devel-
opment of main vessels connecting to the heart, which can lead to
their subsequent birth defects outcomes such as transposition of great
vessels and truncus arteriosus. The close temporal proximity of the
conotruncus to prepregnancy obesity exposure provides a stronger
link than with birth defects that arise from other fetal structures
occurring later in fetal development. Another study has also shown
a link between severe obesity and conotruncal heart defects.5

Research has shown that diabetes is strongly associated with
birth defects. 6 Although adjusting for diabetes is necessary to
find an association with pre-pregnancy obesity and birth defects,
it was used with caution for this analysis since there was a small
sample of diabetics among cases.  Diabetes was also slightly higher
among the controls than cases, presenting a problem for this
study to control for diabetes.

Although there was enough power to conduct this study
with all birth defects, the sample size was insufficient to analyze

small groups of birth defects
(e.g., obstruction heart defects
and neural tube defects).
Also, different data collection
methods were used for cases
(nurse reporting via medical
charts) versus controls (self-
reported questionnaire).
There was also variation in the
percentage of subject exclu-
sion due to missing heights

and pre-pregnancy weights and therefore, insufficient BMI in-
formation, among cases (25%) and controls (5%).  Lack of re-
cording heights and prepregnancy weights in prenatal care docu-
ments may be due to varying prenatal care practices.

This study and other research show that women who are obese
prior to their pregnancy are at greater risk for having a baby with a
birth defect. It is therefore important for women to be educated pre-
natally about the risks of pre-pregnancy obesity on birth outcomes.

In addition to concerns about obesity and its impact on
maternal and child health, there are also medical costs related
to maternal obesity and birth defects.  Obese pregnant women
have more prenatal fetal tests, ultrasound examinations, and
prenatal visits than pregnant women of normal weight. 7 Hos-
pitalization costs incurred among women who give birth to
children with birth defects are seven times higher than women
who give birth to children with no birth defects. 8

Primary care providers, obstetricians and gynecologists,
and other health care providers can play a critical role in edu-
cating women of reproductive age about the importance of
achieving a healthy weight prior to becoming pregnant.
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