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Abstract Objective The aim of this study was to determine adverse perinatal outcomes related
to maternal preconception body mass index (BMI).
Study Design This is a retrospective observational cohort study at a single institution
of 500 consecutive mothers of normal weight with a preconception BMI of 18.5 to less
than 25 and 500 additional obese mothers with a preconception BMI more than or
equal to 30. Maternal/newborn metrics were stratified by maternal preconception BMI
and trend analysis was performed both by simple univariable and multivariable logistic
regression analysis.
Results The study included 858 mother/baby dyads after 142 were excluded. Trend
analysis demonstrated higher preconception BMI was significantly associated with
progressively higher rates of cesarean section (p<0.001), preeclampsia p< 0.001),
gestational diabetes (p< 0.001), preterm birth (p¼0.001), lower 1- and 5minutes
Apgar scores (p< 0.001), and neonatal intensive care unit admission (p¼0.002). These
associations remained significant in both simple univariable and multivariable logistic
regression models.
Conclusion We demonstrated obese women are more likely to have maternal
complications and neonatal morbidity when compared with normal weight mothers.
Maternal and fetal complications increase with increasing obesity with superobese
mothers (BMI � 50) having more perinatal adverse outcomes when compared with
other classes of obesity. It is reasonable to counsel weight loss prior to conception of
women with BMI more than or equal to 30 in an effort to reduce maternal complica-
tions and neonatal morbidity related to pregnancy.
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There is an increasing prevalence of obesity amongwomen in
the United States. Notably, 37% of reproductive-age women
are obese as defined as a bodymass index (BMI) greater than
or equal to 30 kg/m2, and 10% have morbid obesity with a
BMI more than or equal to 40 kg/m2.1 There is a significant
geographic disparity in prepregnancy weight among wom-
en. In 2015 for 48 states, New York City, and District of
Columbia, the overall incidence of prepregnancy normal
weight (BMI 18.5 to<25) was 45%. West Virginia reported
the second lowest prepregnancy normal weight of 40% and
the second highest prepregnancy obesity weight (BMI � 30)
of 31%.2

Obesity in pregnancy is an important public health prob-
lem with short-term and long-term implications for mater-
nal and child health. Maternal obesity, when compared with
mothers of normal prepregnancy weight, has been linked to
adverse pregnancy outcomes including preeclampsia, gesta-
tional diabetes, cesarean deliveries, and prolonged postpar-
tum hospital stay as well as perinatal problems including
congenital anomalies, birth asphyxia, neonatal hypoglyce-
mia, and stillbirth.3–9 A previous study demonstrated a
“dose-response” relationship between the severity of mater-
nal obesity with adverse perinatal outcomes,10 supported by
two subsequent meta-analyses.9,11

The objective of this study was to investigate the relation-
ship between adverse perinatal outcomes and increasing
maternal prepregnancyweight in our population.Wehypoth-
esized that increasing prepregnancy weight would correlate
with an increase in maternal and neonatal complications.

Materials and Methods

This was a retrospective, observational, cohort study from a
single tertiary care perinatal center of women giving birth
from 1/1/2015 to 12/31/2018. The study was based at Cabell
Huntington Hospital in Huntington, West Virginia, the peri-
natal teaching hospital for the Marshall University School of
Medicine. Antepartum and intrapartum patient information
were collected following delivery using the Cabell Hunting-
ton Hospital Clinical Data Warehouse. As the Warehouse did
not include a preconception BMI, a first documented weight
of more than or equal to 90 kg was chosen for the search
criteria. Individual charts and obstetrical records were then
manually reviewed for self-reported maternal prepregnancy
body weight and measured height to calculate BMI. Five
hundred consecutive mothers with a prepregnancy BMI of
18.5 to less than 25, and their offspring, and 500 additional
mothers with a BMI more than or equal to 30, and their
offspring, were identified. For this study, prepregnancy BMI
was categorized as normal weight (18.5 to<25), class I
obesity (30.0 to<35), class II obesity (35.0 to<40), class

III obesity (40.0 to<50), and superobesity (� 50).
Mother/baby dyads were excluded from the study for miss-
ing medical record data, neonatal abstinence syndrome,
maternal substance use disorder, genetic/congenital anom-
alies, or miscarriages/stillbirths. The institutional review
board of Marshall University School of Medicine approved
this human subject research prior to its initiation.

Statistical analysis was planned a priori. The primary
outcomes considered were preeclampsia, gestational diabe-
tes mellitus, mode of delivery, 1- and 5-minute Apgar scores,
neonatal intensive care unit (NICU) admission, and neonatal
death.

Maternal/newborn metrics were stratified by maternal
preconception BMI and trend analysis was performed using
Jonckheere-Terpstra and Cochrane-Armitage tests for con-
tinuous and binary data, respectively. We performed a
subsequent simple univariable and multivariable logistic
regression analysis adjusted for advanced maternal age (>
35 years), preexisting maternal diabetes, preexisting mater-
nal hypertension, and infant gestational age. Regression
model covariates were selected based on their clinical rele-
vance to the selected outcomes. Regression model residuals
were evaluated for any gross deviations from test assump-
tions. Regression model results were reported as odds ratios
with 95% confidence intervals and p-values for our effect
measure.Wald test was used to assess for evidence of a linear
trend within the regression models. Statistical analysis was
performed using STATA (StataCorp. 2022. Stata Statistical
Software: Release 17. College Station. TX: StataCorp LP).

Results

Between January 1, 2015, and December 31, 2018, 500
consecutive mother/baby dyads with maternal prepreg-
nancy BMI of 18.5 to less than 25 and the first 500 consecu-
tive dyads with maternal prepregnancy BMI more than or
equal to 30 were selected for this study. Of these dyads, 142
did not meet inclusion criteria. The study population
resulted in 858 pairs (386 with prepregnancy BMI 18.5 to
less than 25 and 472 with maternal BMI more than or equal
to 30 (►Fig. 1).

Maternal and newborn metrics were stratified by mater-
nal preconception BMI as well as trend analysis. Simple
univariable logistic regression models demonstrated higher
preconceptional BMI was significantly associated with pro-
gressively higher rates of cesarean section, preeclampsia,
gestational diabetesmellitus, and postdelivery length of stay.
Higher preconceptional BMI was significantly associated
with adverse neonatal metrics including decreased weeks
of gestational age, preterm birth, lower 1- and 5-minute
Apgar scores, and postdelivery length of stay (►Table 1).

Key Points
• Maternal obesity is associated with adverse outcomes.
• Complications increase with increasing obesity.
• Superobese mothers have the most adverse outcomes.
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Associations remained significant in multivariable logis-
tic regression models for gestational diabetes, preeclampsia,
cesarean delivery adjusting for advanced maternal age, pre-
existingmaternal hypertension, preexistingmaternal diabe-
tes, gestational age, and prior c-section (►Table 2).

All the maternal metrics demonstrated a significant trend
except for age at time of delivery and ICU admission. All the
neonatal metrics demonstrated a significant trend except
emergent cesarean delivery, 5-minute Apgar score less than
7, NICU length of stay, and death. Relative to pregnancies
with normal BMI, pregnancies with a pre-conception BMI
more than or equal to 30 gained less weight during pregnan-
cy and increasing obesity classes had an incremental de-
crease in absolute weight gain at time of delivery. Simple
univariable logistic regression models demonstrated higher
preconception BMI was significantly associated with pro-
gressively higher linear rates of gestational diabetes, pre-
eclampsia, cesarean section, and NICU admission (►Table 2).
Compared with normal preconception BMI 18.5 to less than
25, cesarean was higher in BMI more than or equal to 30,
gestational diabetes was higher in BMI more than or equal to
35, preeclampsiawas higher in BMImore than or equal to 40,
prematurity, and NICU admission was higher in BMI more
than or equal to 50. Associations remained significant in
multivariable logistic regression models although compared
with normal preconception BMI 18.5 to less than 25, cesare-

an was higher in BMI more than or equal to 40 and pre-
eclampsia was higher in BMI more than or equal to 40.

Discussion

In this retrospective, case–control study, obese women
(preconception BMI� 30) were more likely to have maternal
complications and neonatal morbidity when compared with
women of normal weight (preconception BMI 18.5 to<25),
and perinatal complications increased incrementally with
increasing obesity with superobese mothers having more
adverse perinatal outcomes when compared with other
classes of obesity.

In this study, with increasingmaternal prepregnancy BMI,
we observed significant increases in trend in maternal
adversemetrics including preeclampsia, gestational diabetes
mellitus, cesarean delivery, and postdelivery length of hos-
pitalization. In addition, adverse neonatal metrics increased
in trend for prematurity, lower 1- and 5-minute Apgar
scores, postdelivery length of stay, and NICU admission.
Simple univariable logistic regression models demonstrated
higher preconception BMI was associated with progressively
higher linear rates of gestation diabetesmellitus, preeclamp-
sia, cesarean delivery, and NICU admission.

A previous retrospective study of infants born to 64,272
obese Missouri mothers from 2000 to 2006, utilizing data

Fig. 1 Flowchart of patient selection. BMI, body mass index.
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extracted from birth certificate records and hospital dis-
charge information, demonstrated a “dose-response” rela-
tionship between worsening obesity and the incidence of
cesarean delivery, macrosomia, neonatal hypoglycemia, and
preeclampsia. Three classes of obesity (BMI 30 to<40, 40
to<50, and�50)were used for comparisons and nomothers
of normal BMI were included in the study.10

There have been two meta-analyses examining graded
relationships of maternal obesity to pregnancy outcomes.
The first combined 59 previous publications and concluded a
graded relationship of adverse perinatal outcomes existed
with increased severity of obesity including increased inci-
dence of premature birth, macrosomia, preeclampsia, gesta-
tional diabetes, cesarean section, maternal bleeding, low
umbilical artery pH and Apgar scores, and NICU admission.9

The second identified 13 studies with a low risk-of-bias
describing 3,722,477 pregnancies. It was concluded that
most adverse pregnancy outcomes increasedwith increasing
maternal BMI, including maternal complications of gesta-
tional diabetes mellitus, hypertension of pregnancy, cesare-
an delivery, and neonatal complications including
hypoglycemia, macrosomia, birth trauma, respiratory dis-
tress, NICU admission, and death.11

This study is the first single-center confirmation of a
graded “dose-response” to the level of obesity with regard
to adverse perinatal outcomes. Unlike previous studies, our
data were extracted directly from maternal and neonatal
medical records, eliminating possible omissions on reports
extracted from birth certificates and hospital discharge
data.

In this study, the likelihood of cesarean delivery increased
from 24% in women of normal prepregnancy BMI to 66% in
superobese women. The rate of emergent cesarean sections,
however, remained statistically unchanged with increasing
BMI as has been previously reported.5 Our findings are
consistent with previous reports showing that the rate of
cesarean delivery and failed labor induction leading to
cesarean section increases by maternal prepregnancy BMI
category.5,12–14 In 2020, 31.8% of live births in the United
States were to women who had a cesarean delivery. The rate
rose steadily from25.1% of women of normalweight to 52.3%
of women in obesity class III.15

In this study, parity and failed induction were not ana-
lyzed to determine factors involved in the increased rate of
cesarean delivery.16 As previously recommended, future
studies are needed to examine what factors are involved in
the increased incidence of cesarean delivery related to
increasing obesity.10

The American College of Obstetricians and Gynecologists
has supported the Institute of Medicine (IOM) recommen-
dation for pregnancy weight gain of 5 to 9.1 kg for all obese
womenwithout differentiating between classes of obesity.16

In this study, we have stratified gestational weight gain
(GWG) by obesity classes I and II gaining more weight than
the recommended GWG, while superobese mothers gained
less than the recommended GWG. Studies subsequent to the
IOM recommendation have shown benefits of recommended
GWGduring pregnancy7 as well as benefits of GWG less than

recommended.7,17,18 While weight loss in obese pregnant
women is associated with an increased risk for low-birth-
weight neonates, it has also been shown to decrease or
maintain risk for other adverse maternal and neonatal
morbidities.19

Limitations and Strengths

Our study has several limitations. This is a single-center
study based on limited numbers andmay not be applicable to
a larger sample in other centers. This was a retrospective,
observational, cohort study with the potential for confound-
ing factors not considered in our analysis including maternal
race, smoking status, level of education, and adequacy of
prenatal care, all of which can impact perinatal outcome. An
additional limitation was the use of self-reported precon-
ceptionweight, which has been shown to be underestimated
by respondants.20,21 Other studies, however, have shown
that although women underestimated weight, 84% of the
women remained in the appropriate BMI categories of
obesity and self-reporting is a reliable measure of precon-
ception weight.22

The findings of this study, as well as previous reports,
imply that preconception weight loss might reduce the
incidence of adverse perinatal outcomes. A published
meta-analysis looked at outcomes following bariatric sur-
gery in 8,364 women who were compared with control
subjects matched for presurgery BMI. There were reduced
rates of gestational diabetes mellitus, large for gestational
age infants, gestational hypertension, all hypertensive dis-
orders, postpartumhemorrhage, and cesarean delivery rates.
However, the surgical patients showed an increase in small-
for-gestational-age infants, intrauterine growth restriction,
and preterm deliveries. There were no differences in rates of
preeclampsia, NICU admissions, stillbirths, malformations,
and neonatal death.23 Future prospective studies are needed
to examine the risks and benefits of preconception weight
loss, including weight reduction surgery, on perinatal
outcomes.

Conclusion

We have demonstrated maternal and fetal complications
increase with increasing obesity with superobese mothers
having more adverse perinatal outcomes when compared
with other classes of obesity. It is reasonable to counsel
weight loss prior to conception of women with preconcep-
tion BMI more than or equal to 30 to potentially reduce
maternal and neonatal morbidity related to pregnancy. The
impact of preconception weight reduction on the incidence
of adverse perinatal outcomes and economic implications
needs further study.
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