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Abstract

Background: Maternal obesity complicates a high number of pregnancies. The degree to which
neonatal outcomes are adversely affected is unclear.

Objective: To evaluate neonatal outcomes of pregnancies complicated by maternal obesity.

Study Design: Secondary analysis of a cohort of deliveries occurring on randomly selected

days at 25 hospitals from 2008-2011. Data were collected by certified abstractors. This

analysis included singleton deliveries between 24 and 42 weeks. BMI was calculated based

on maternal height and most recent weight prior to delivery. Normal/overweight (reference

group; BMI 18.5-29.9 kg/m?), obese (OB; BMI 30-39.9 kg/m?2), morbidly obese (MO; BMI
40-49.9 kg/m?) and super morbidly obese (SMO; BMI = 50 kg/m?2) patients were compared.
Patients in the reference group were matched 1:1 with those in all other obesity groups

using the baseline characteristics of age, race-ethnicity, previous cesarean, pre-existing diabetes,
chronic hypertension, parity, cigarette use, and insurance status. The primary outcome was
composite neonatal morbidity, including fetal or neonatal death, hypoxic ischemic encephalopathy,
respiratory distress syndrome, Grade I11-1V intraventricular hemorrhage, necrotizing enterocolitis,
sepsis, birth injury, seizures, or ventilator use. We used modified Poisson regression to examine
the associations between BMI and composite neonatal outcome. Preterm delivery < 37 weeks and
the presence of maternal preeclampsia/eclampsia were included in the final model because of their
known associations with neonatal outcomes.

Results: 52,162 patients and their neonates were included after propensity score matching. Of
these, 21,704 (41.6%) were OB, 3787 (7.3%) were MO and 590 (1.1%) were SMO. A total

of 2103 (4.0%) neonates had the composite outcome. Neonates born to pregnant people with
morbidy obesity had a 33% increased risk of composite neonatal morbidity compared with those
in the reference group (aRR 1.33; 95%CI 1.17-1.52), but no significant association was observed
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for persons with obesity (aRR 1.05; 95%CI 0.97-1.14) or with super morbid obesity (aRR 1.18;
95%CI (0.86-1.64).

Conclusion: Compared with the reference group, gravidas with morbid obesity are at higher risk

for composite neonatal morbidity.

Keywords
Obesity; obesity in pregnancy; neonatal morbidity; neonatal mortality; BMI

Introduction

Maternal obesity complicates almost one-third of pregnancies in the United States and is
associated with increased risks of miscarriage, stillbirth, congenital anomalies, shoulder
dystocia, macrosomia and neonatal death.1~12 Others have also reported an increased risk
for meconium aspiration.10 However, obesity is also associated with maternal comorbidities
such as diabetes, hypertension, and preeclampsia, which are also associated with neonatal
morbidity. It is unclear if people with obesity but without these comorbidities are at
increased risk for neonatal morbidity.

Obesity is a chronic disease state characterized by chronic inflammation.13 Maternal obesity
impacts neonatal immune system development and long-term outcomes of children born

to obese women include increased risks for cancer as well as for chronic inflammatory
diseases such as cardiovascular disease, diabetes, and asthma®. There is also evidence that
abnormal neurodevelopment (e.g. lower mental development scores, higher rates of ADHD
and possibly autism) is more common in the offspring of women with obesity.14-16

We sought to determine whether maternal obesity is a risk factor independent of
pregestational diabetes and chronic hypertension for poor short term neonatal outcomes,
and if that risk is increased with increasing maternal BMI, in a progressive fashion.

Materials and Methods

This is a secondary analysis of an observational study of a cohort of deliveries on randomly
selected days at 25 hospitals from 2008-2011.17:18 People who arrived on the selected days
and who delivered at 23 weeks’ gestation or above with a live fetus at presentation were
included in the original reports. Patients with fetal deaths on presentation were not included,
but if the fetal death occurred following presentation, the pregnant person and their data
were included in the study. Maternal and neonatal charts were reviewed by trained and
certified abstractors. Demographic data as well as detailed medical and obstetric histories,
intrapartum and postpartum care, and obstetric and neonatal outcomes were collected.
Maternal data were collected until hospital discharge and neonatal data were collected until
discharge or 120 days of life, whichever came first. Details of the study design have been
previously published.17:18

The current analysis includes gravidas with singleton deliveries between 24 and 42 weeks’
gestation. Maternal BMI was calculated using maternal height and most recent weight prior
to delivery, as prepregnancy weight was not available for most subjects. The reference group
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(REF) was defined as persons with a BMI of 18.5-29.9 kg/m?, obese (OB) as persons with a
BMI of 30-39.9 kg/m?2, morbidly obese (MO) as persons with a BMI of 40-49.9 kg/m?, and
super morbidly obese (SMO) as persons with a BMI = 50 kg/m2. Normal and overweight
people were combined in the reference group due to the high frequency of overweight
people in the United States. Preterm delivery was analyzed as delivery < 37 weeks, < 32
weeks and < 28 weeks’ gestation. We defined a composite outcome of neonatal morbidity
that included fetal or neonatal death, hypoxic ischemic encephalopathy, respiratory distress
syndrome, grade Il1-1V intraventricular hemorrhage, necrotizing enterocolitis, sepsis, birth
injury, seizures, or ventilator use. Definitions and criteria for these outcomes have been fully
described in previous publications.17:18

We used propensity scores to address significant differences in baseline characteristics.
People in the three obesity groups were matched with those in the REF group based

on propensity score using the baseline characteristics of age (< 19, 20-34, > 35

years), race-ethnicity (non-Hispanic White, non-Hispanic Black, non-Hispanic Asian,
Hispanic, not documented), previous cesarean (yes/no), pre-existing diabetes (yes/no),
chronic hypertension (yes/no), parity (nulliparous, multiparous), cigarette use (yes/no), and
government insurance (yes/no). Individuals were assigned a propensity score based on the
above baseline characteristics. For purposes of matching, people in the REF group were
considered unexposed and all other groups were considered exposed. Those in the OB, MO
and SMO groups were matched to the REF group in a 1:1 ratio where scores differed by no
more than 0.01. Individuals were excluded if no match was found. Individuals in REF were
also excluded if they were a duplicate match for an exposed individual.

We evaluated the relationship between maternal BMI and baseline demographics and
neonatal complications using the Cochran-Armitage trend test, Monte-Carlo estimate for
exact trend test, and the Jonckheere-Terpstra test. We used modified Poisson regression to
compute unadjusted and adjusted relative risks (aRR) and 95% confidence intervals (Cl)
for the associations between BMI and the composite neonatal outcome. Because significant
group differences remained after propensity score matching, multivariable models were
initially adjusted for maternal age, pre-existing diabetes, chronic hypertension, and smoking.
However, we retained only those covariates that were statistically significant in the final
model. Preterm delivery < 37 weeks and the presence of maternal preeclampsia/eclampsia
were included in the final model because of their known associations with neonatal
outcomes. We considered a p-value of < 0.05 to be significant. We did not adjust for
multiple comparisons. No imputation for missing data was performed. This study was
approved by the institutional review board at each participating facility under a waiver of
informed consent.

Between March 2008 and February 2011, data were collected on 115,502 patients in

25 hospitals. After propensity score assignment, 52,162 patients with singleton deliveries
between 24 and 42 weeks’ gestation (inclusive), a BMI > 18.5 kg/m? based on most recent
weight prior to delivery, and data on maternal complications were included in this analysis.
(Figure 1) Of these, 26,081 (50%) were normal/overweight (REF), 21,704 (42%) were OB,
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3787 (7%) were MO and 590 (1%) were SMO. Demographics are shown in Table 1, and
reveal progressively increased frequencies of pregestational diabetes, chronic hypertension
and cigarette use with increasing BMI, although the frequency in patients with OB was
lower than that in the REF group. While alcohol and drug use among pregnancies affected
by OB, MO, and SMO progressively increased, the frequencies in all three categories were
lower than that in REF. In addition, OB were more likely to be Hispanic people while

MO and SMO were more likely to be non-Hispanic Black people and to have had a prior
cesarean delivery. Pregnancies affected by OB, MO and SMO were progressively less likely
to have been conceived via ART. Although the trend in maternal age was statistically
significant, the difference was not clinically significant. The frequency of preeclampsia/
eclampsia and cesarean delivery also progressively increased with increasing BMI.

The frequency of preterm delivery < 37 weeks was lowest in the OB group compared with
the other groups. (Table 2) However, frequencies of preterm birth at less than 37 weeks

and less than 28 weeks progressively increased as BMI weight group increased from OB to
SMO. There was a significant trend towards higher birth weights across BMI groups, and
babies born to pregnancies affected by OB, MO and SMO were more likely to be > 4000gm
at delivery (LGA) and to have an anomaly, compared with babies born to REF pregnant
people.

A total of 2,103 (4.0%) neonates developed the primary outcome, including 4.1% in the REF
group, 3.6% in the OB group, 5.9% in the MO group and 5.6% in the SMO group. Neonates
born to pregnant people in the MO group had a 33% increased risk of composite neonatal
morbidity compared with those born to pregnant people in the REF group (aRR 1.33; 95%
CI [1.17-1.52]). (Table 3) The risk of composite neonatal morbidity was not significantly
increased in the other BMI groups.

Discussion

Principal Findings

Results

Serious composite neonatal morbidity was increased in patients with MO compared with
normal/overweight patients, adjusting for maternal diabetes, preeclampsia/eclampsia, and
preterm delivery. There was no significant progressive increase in composite neonatal
morbidity with increasing maternal BMI.

Kim and colleagues reported that a composite of neonatal morbidity was increased with
increasing BMI at delivery, reaching 32% at a BMI of > 50kg/m2.1° The final adjusted
model included BMI category, chronic hypertension, and preeclampsia. However, the
adjusted odds ratio was not significantly higher except in the group with a BMI of >
60kg/m2. Their definition of serious morbidity included low Apgar scores, hypoglycemia,
NICU admission and length of stay > 5 days, in addition to RDS, sepsis and death. A
significant trend towards composite neonatal morbidity with class of obesity was also
reported by Marshall and colleagues, reaching 12.9% in those with a BMI of = 50kg/mZ.
20 Their analysis was limited to term infants, without congenital anomalies, and morbidity
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was defined as low Apgar scores, birth trauma, neonatal infection, neonatal hypoglycemia,
respiratory distress syndrome, neonatal seizures, neonatal length of stay > 5 days, and/or
meconium aspiration. Maternal BMI was based on self-reported prepregnancy weight, and
pregnant people with diabetes (pre-gestational and gestational) and chronic hypertension
were excluded.

The finding of an increase in large for gestational age infants and in congenital anomalies
confirms work by other authors.>~7%-12 The association between obesity and preterm birth
is less clear. Prior authors have reported an increased risk for both medically indicated

and spontaneous preterm delivery in women with obesity,>2while others have reported
decreases in the rates of preterm birth in women with obesity.21-23 Others have found no
significant difference in preterm birth rates, particularly in those with milder degrees of
obesity.512 We also found a decreased frequency of preterm birth at < 37, < 32 weeks and
< 28 weeks in the OB group, with a significant trend towards an increasing occurrence of
preterm birth at < 37 and < 28 weeks, as BMI increased.

Clinical Implications

After controlling for chronic hypertension and pre-gestational diabetes, both comorbidties
of high BMI and precursors for neonatal morbidity, a progressive increase in composite
neonatal morbidity with increasing maternal BMI at delivery was not seen in this large and
diverse patient population.

Research Implications

The pattern of short-term neonatal morbidity in our cohort suggests that factors other than
obesity and the co-morbidities of diabetes, preeclampsia/eclampsia and preterm birth play
significant roles. These additional factors remain to be elucidated.

Strengths and Limitations

The strengths of our study include the large and diverse population studied, comprising
over 110,000 pregnant people across the United States, delivering at both academic and
community hospitals. This study also includes a large number of pregnant people affected by
super morbid obesity (SMO; BMI = 50 kg/m?2). This allowed us to evaluate the progression
of risk with increasing BMI, but may not have the power to detect small differences among
the BMI groups. We also controlled for the presence of chronic hypertension and diabetes,
which have both been independently associated with neonatal morbidity.

Due to the retrospective nature of this secondary analysis, we were limited by the data that
had already been collected. Embryonic losses and fetal deaths prior to presentation were
not recorded in the database, so pregnancy loss rates are underestimated and cannot be
addressed by this analysis. Neonatal follow up was limited to date of discharge or 120 days,
and thus our results may also underestimate the rates of congenital anomalies and neonatal
death. Because the prenatal diagnosis of anomalies in persons with obesity may be limited,
this may also lead to underestimates of the rates of congenital anomalies.2*
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Conclusions

Our study examined the relationship between BMI at delivery and short-term neonatal
outcomes. Although obesity at the time of delivery was significantly associated with
composite neonatal morbidity only in the MO group, obesity prior to pregnancy and early
in pregnancy appears to be a predictor of poor neonatal outcomes.’%-12.24-26 Although
initial reports are not uniformly encouraging, attaining a normal weight prior to pregnancy
may improve short term neonatal outcomes, while also reducing comorbidities such as
hypertension and diabetes.27~29

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance:

A Why was the study conducted? To evaluate whether a composite of neonatal
mortality and short-term morbidity increases as maternal BMI at delivery
increases.

B. What are the key findings?

. Maternal comorbidities, including chronic hypertension, pre-
gestational diabetes, and cesarean delivery are more frequent in
higher BMI categories.

. Compared with the reference group (BMI 18.5-29.9 kg/m2), only
neonates born to pregnant people with a BMI of 40-49.9 kg/m? were
at increased risk for composite morbidity.

C.  What does this study add to what is already known? After adjusting for
other comorbidities, such as chronic hypertension, diabetes, preeclampsia/
eclampsia and preterm birth, increasing maternal BMI is not associated with
an increase in composite neonatal morbidity.
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APEX population
n=115,502 subjects

n=11

2,687

Exclusion: Multiple gestation
n=2815

A 4

n=11

2,216

Exclusion: GA at delivery < 24.0 or > 42.0 weeks
n=471

n=10

9,828

Exclusion: BMI < 18
n= 2388

Exclusion: Discrepancies in GA and birthweight comparisons
(n=27)
Birthweight missing (n=9)
Data missing on maternal composite components (n=4)*

n=1

09,788

\

4

Excluded in propensity score
assignment (n=57,626)

Analysis cohort
n = 52,162

Figure 1.

Study population
*Cohort includes maternal patients matched using propensity scores, and their neonates.
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Table 1.
Patient demographics and obstetrical outcomes by BMI category at delivery
Super Morbidly Obese P—value*for
Reference (REF) Obese (OB) Morbidly Obese (MO) (SMO) trend
N=26,081 N=21,704 N=3,787 N=590
Maternal Age (yrs) 279+6.3 28.1+6.0 27.9+5.9 27.9+58 <.001
Age = 35yrs 4356 (16.7) 3258 (15.0) 523 (13.8) 83 (14.1) <.001
Nulliparous 9944 (38.1) 8419 (38.8) 1456 (38.5) 230 (39.0) 0.24
Race/ethnicity <.001™*
NH White 10657 (40.9) 9383 (43.2) 1556 (41.1) 194(32.9)
NH Black 6449 (24.7) 4701 (21.7) 1252 (33.1) 262 (44.4)
NH Asian 739 (2.8) 668 (3.1) 32(0.8) 6 (1.0)
NH Native Hawaiian 49 (0.2) 48 (0.2) 11 (0.3) 2(0.3)
NH American Indian 59 (0.2) 38(0.2) 10 (0.3) 1(0.2)
Hispanic 6730 (25.8) 5854 (27.0) 799 (21.1) 101 (17.1)
ND 1506 (5.8) 1098 (5.1) 148 (3.9) 27 (4.6)
Pregestational diabetes 326 (1.3) 182 (0.8) 80 (2.1) 26 (4.4) .001
Chronic hypertension 602 (2.3) 342 (1.6) 176 (4.7) 61 (10.3) <.001
Cigarette use 3110 (11.9) 1906 (8.8) 470 (12.4) 76 (12.9) <.001
Alcohol Use 901 (3.5) 605 (2.8) 109 (2.9) 18 (3.1) <.001
Drug Use 1250 (4.8) 637 (2.9) 139 (3.7) 25 (4.2) <.001
Government Insurance 11397 (43.7) 8542 (39.4) 1880 (49.6) 347 (58.8) 0.05
Preeclampsia/eclampsia 1055 (4.1) 1362 (6.3) 445 (11.8) 95 (16.1) <.001
Cesarean delivery 7197 (27.6) 7191 (33.1) 1711 (45.2) 311 (52.7) <.001

Data presented are mean + SD or n (%)

*
Cochran-Armitage or Jonckheere-Terpstra tests for trend.

Hok

NH Black versus all other race/ethnicities combined.

NH=non-Hispanic; ND= not documented; ART=assisted reproductive technology

Missing: alcohol use (51), drug use (74), ART (25)
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Table 2.
Neonatal Characteristics by Maternal BMI
Reference (REF) ~ Obese (OB)  Morbidly Obese (MO) ~ SUPer 'V('g,r\fl’ic‘)‘)'y Obese P ‘t’fe'EZfor
N=26,081 N=21,704 N=3,787 N=590
GA at delivery (wks) ~ 39.1(38.3-40.0)  39.3 (38.6-40.1) 39.1 (38.1-40.1) 39.1 (38.0-40.0) <.001
GA < 37 wks 3062 (11.7) 1889 (8.7) 458 (12.1) 73 (12.4) <.001
GA <32 wks 649 (2.5) 291 (1.3) 101 (2.7) 14 (2.4) <.001
GA < 28 wks 242 (0.9) 99 (0.5) 42 (1.1) 7(1.2) 0.03
BW (gm) 3212 (2887-3522) 3390 (3064-3721) 3430 (3058-3785) 3445 (3055-3850) <.001
BW > 4000 gm 1190 (4.6) 2290 (10.6) 521 (13.8) 96 (16.3) <.001
NICU admit 3331 (12.8) 2624 (12.1) 592 (15.6) 94 (15.9) 0.008
LOS > 5 days 2146 (8.2) 1420 (6.6) 363 (9.6) 55 (9.4) 0.14
Anomaly 731 (2.8) 628 (2.9) 140 (3.7) 18 (3.1) 0.02

Data presented are n (%) or Median (IQR)

*
Jonckheere-Terpstra test for continuous variables and Cochran-Armitage test for categorical variables

GA = gestational age, wks = weeks, BW = birth weight, gm = grams, NICU = neonatal intensive care unit, LOS = length of stay

Missing: Birthweight (7); NICU admission (11); length of stay (61); anomaly (3)
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Table 3.
Neonatal Composite Outcome by Maternal BMI
Super Morbidly Obese .
Reference (REF) Obese (OB) Morbidly Obese (MO) (SMO) P value for trend
N=26,081 N=21,704 N=3,787 N=590
Composite morbidity 1057 (4.1) 790 (3.6) 223 (5.9) 33 (5.6) 0.006
Unadj RR (95%Cl) - 0.90 (0.82-0.98) 1.45 (1.26-1.68) 1.38 (0.98-1.95)
aRR (95%Cl) £ - 1.05 (0.97-1.14) 1.33 (1.17-1.52) 1.18 (0.86-1.64)
Birth injury 67 (0.3) 94 (0.4) 35 (0.9) 4(0.7) <0.001™"
Death 87 (0.3) 45 (0.2) 21(0.6) 1(0.2) 0.86**
HIE 128 (0.5) 86 (0.4) 28(0.7) 7(1.2) 0.18**
RDS 571 (2.2) 416 (1.9) 98 (2.6) 14 (2.4) 1.00
IVH Grade 3 or 4 38(0.2) 21(0.1) 8(0.2) 2(0.3) 0797
NEC 73(0.3) 45 (0.2) 13(0.3) 3(0.5) 1.00**
Seizures 30(0.1) 31(0.1) 6(0.2) 1(0.2) 0.31%"
Sepsis 10 (0.04) 10 (0.1) 3(0.1) 1(0.2) 0.177**
Ventilator use 637 (2.4) 410 (1.9) 116 (3.1) 15 (2.5) 0.54

Composite morbidity includes birth injury, fetal or neonatal death, hypoxic ischemic encephalopathy, respiratory distress syndrome, intraventricular
hemorrhage grades 3 or 4, necrotizing enterocolitis, seizures, sepsis or ventilator use.

’tAdjusted for pre-existing diabetes, preterm delivery and pre-eclampsia or eclampsia.

Data presented for composite morbidity and its components are n (%)

*
Cochran-Armitage test

Hok

Monte-Carlo estimate for exact trend.

Death=fetal or neonatal, HIE = hypoxic ischemic encephalopathy, RDS = respiratory distress syndrome, IVH = intraventricular hemorrhage, NEC

= necrotizing enterocol

itis

Missing: death (22); HIE (142); RDS (15); IVH (22); NEC (14), seizure (14), sepsis (1), and ventilator use (15); missing data were evenly

distributed across BMI

categories
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