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Abstract

Objective—To determine the effect of increasing maternal obesity, including superobesity (body
mass index [BMI1] = 50 kg/m?), on perinatal outcomes in women with diabetes.

Study Design—Retrospective cohort study of birth records for all live-born nonanom-alous
singleton infants > 37 weeks’ gestation born to Missouri residents with diabetes from 2000 to
2006. Women with either pregestational or gestational diabetes were included.

Results—There were 14,595 births to women with diabetes meeting study criteria, including
7,082 women with a BMI > 30 kg/m? (48.5%). Compared with normal-weight women with
diabetes, increasing BMI category, especially superobesity, was associated with a significantly
increased risk for preeclampsia (adjusted relative risk [aRR] 3.6, 95% confidence interval [CI] 2.5,
5.2) and macrosomia (aRR 3.0, 95% CI 1.8, 5.40). The majority of nulliparous obese women with
diabetes delivered via cesarean including 50.5% of obese, 61.4% of morbidly obese, and 69.8% of
superobese women. The incidence of primary elective cesarean among nulliparous women with
diabetes increased significantly with increasing maternal BMI with over 33% of morbidly obese
and 39% of superobese women with diabetes delivering electively by cesarean.

Conclusion—Increasing maternal obesity in women with diabetes is significantly associated
with higher risks of perinatal complications, especially cesarean delivery.
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Obesity is a recognized risk factor for the development of diabetes,! even among pregnant
women.2 In 2007 to 2008, 34% of women of childbearing age (20 to 39 years) in the United
States met obesity criteria (body mass index [BMI] = 30 kg/m?2).3 In addition to diabetes,
obese women are more likely than normal-weight women to suffer miscarriage,
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preeclampsia, cesarean delivery, fetal growth abnormalities, stillbirth, and congenital
anomalies.*

Pregnant women with diabetes are at risk for similar perinatal complications, including
preeclampsia, cesarean delivery, macrosomia, and congenital anomalies,®® and obese
women with diabetes are at higher risk for obstetric complications than obese women
without diabetes.” It has been postulated that the effects of obesity on pregnancy are due, at
least in part, to increased insulin resistance,® as is also found in diabetes, which may account
for some of the common pregnancy complications associated with both obesity and diabetes.
However, it is unclear whether increasing obesity among women with diabetes is associated
with worse perinatal outcomes compared with normal-weight women with diabetes.

Limited studies have attempted to examine the effect of increasing maternal obesity on
perinatal outcomes in women with diabetes.%-12 Although the evidence is clear that obesity
increases the risk of pregnancy complications, study results have varied as to whether obese
women with diabetes are at increased risk for complications compared with their normal-
weight diabetic counterparts®10 or whether increasing BMI class increases the risks.11:12
These prior studies were hampered by limited sample sizes, restriction to one type of
diabetes, and/or comparisons only between obese and normal-weight women.

The objective of this study was to determine the effect of increasing maternal obesity (BMI
> 30 kg/m?), including morbid obesity (BMI 40 to 49.9 kg/m?) and superobesity (BMI = 50
kg/m?2), on perinatal outcomes in women with diabetes compared with normal-weight
women with diabetes (BMI 18.5 to 24.9 kg/m?2). In addition to the risks associated with
diabetes in pregnancy, we hypothesized that, compared with normal-weight women with
diabetes, increasing maternal prepregnancy BMI is associated with (1) increased risk of
maternal complications of pregnancy including preeclampsia and cesarean delivery, (2)
greater risk of fetal growth abnormalities including macrosomia, and (3) greater risk of
infant complications including neonatal hypoglycemia.

Materials and Methods

This is a population-based retrospective cohort study of all live-born singleton infants > 37
weeks’ gestation born to Missouri residents between January 1, 2000, and December
31,2006 (n =502,452). Data was obtained from Missouri Vital Records, which includes birth
certificate records linked to hospital discharge information for the available period of 2000
to 2006. As the Missouri birth certificate fails to reliably differentiate between pregestational
and gestational diabetes, all women with diabetes were included.® Fetuses with major
congenital anomalies were excluded (n = 293, 2.0%), and inclusion was limited to term
infants to avoid confounding of neonatal outcomes due to complications associated with
anomalies and/or prematurity.

The primary predictor of interest was maternal BMI. BMI is based on birth certificate
documentation of prepregnancy weight and height, which is typically based on self-report
and generally considered to be valid.1* BMI was calculated by weight in kilograms divided
by height in meters squared. The World Health Organization (WHQO) BMI categories were
followed: normal (18.5 to 24.9 kg/m?), overweight (25 to 29.9 kg/m?), and obese (= 30 kg/
m?2).15.16 The WHO separates obesity into three classes—class | (30 to 34.9 kg/m?), class Il
(35.0 to 39.9 kg/m?) and class 111 (= 40 kg/m?). As the primary study objective was to
determine the impact of increasing obesity in women with diabetes on perinatal outcomes,
we combined class | and 11 as obese (30 to 39.9 kg/m?) and separated class 111 into morbid
obesity (40 to 49.9 kg/m?2) and superobesity, defined as BMI = 50 kg/m2.17 Normal and
overweight categories were unchanged.
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The primary outcomes of interest were mode of delivery, preeclampsia, macrosomia (birth
weight > 4,500 g), and composite neonatal morbidity, which included low Apgar score (<7
at 5 minutes), birth trauma, infection, neonatal hypoglycemia, respiratory distress syndrome,
seizures, neonatal length of stay > 5 days, and/or meconium aspiration syndrome. If a
diagnosis such as preeclampsia, birth trauma, or respiratory distress syndrome was
documented in the birth certificate, then the condition was considered present. Mode of
delivery is categorized on the Missouri birth certificate record as vaginal, operative vaginal,
vaginal birth after previous cesarean, repeat cesarean, primary elective cesarean, and
primary emergency cesarean. Operative vaginal delivery includes use of outlet/low forceps,
mid/high forceps, and vacuum extraction. Although indications for the method of delivery
may be poorly identified in birth certificates, studies have shown that the actual method of
delivery is accurately reported.18:19 Hospitals in Missouri are provided with reporting
instructions that define a primary elective cesarean as “a first-time cesarean section planned
for in the future” and an emergency cesarean as “a first-time cesarean section done out of
medical necessity because it is believed that further delay in delivery would seriously
compromise the fetus, the mother, or both and/or vaginal delivery is unlikely to be
accomplished safely.”13

Various maternal sociodemographic characteristics have been shown to be associated with
maternal obesity and were evaluated as potential confounders in this study. Maternal
education was categorized as high, average, or low based on age and years of education.2°
Greater than 12 years of education was considered high, regardless of maternal age. The R-
GINDEX was used to categorize prenatal care based on initiation of care, total number of
visits, and gestational age at delivery: no care, inadequate, adequate, intermediate, intensive,
or missing.2! Smoking status was determined by maternal self-report on birth certificate
records.

Statistical Analysis

Results

Bivariate analyses were completed using x2 tests. Outcomes were assessed using Cochrane
Mantel-Haenszel test for linear trend and multivariable logistic regression for adjusted
relative risk (aRR) and 95% confidence intervals (CI). Regression models were adjusted for
maternal race/ethnicity, age, education, marital status, smoking status, level of prenatal care,
insurance status (Medicaid versus private/other), parity (nulliparous versus multiparous),
chronic hypertension, repeat cesarean, and primary elective cesarean.

All analyses were completed using SAS version 9.2 (SAS Institute Inc., Cary, North
Carolina, United States). Approval for human subject research and a waiver of informed
consent were received from the Institutional Review Board at Saint Louis University and the
Missouri Department of Health and Senior Services, Section for Epidemiology for Public
Health Practice.

There were 14,595 births to women with diabetes meeting study criteria. Of them, 5,020
(34.4%) women were obese (BMI 30 to 39.9 kg/m?), 1,732 (11.9%) were morbidly obese
(BMI 40 to 49.9 kg/m?), and 330 (2.3%) were superobese (BMI = 50 kg/m?2). Increasing
BMI among women with diabetes was associated with African American race, Medicaid
insurance, single marital status, low education, increased parity, and chronic hypertension
(Table 1).

Preeclampsia increased significantly with increasing maternal BMI (Table 2). Neonatal
complications including macrosomia, hypoglycemia, length of stay > 5 days, and composite
morbidity increased significantly with increased maternal BMI, but there was no significant
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difference in birth trauma. Among superobese women with diabetes, almost 15% developed
preeclampsia and 34.2% of infants experienced one or more neonatal morbidities.

Increasing maternal obesity was significantly associated with a decreased risk for vaginal
delivery and an increased risk for cesarean delivery, including primary elective cesarean.
Overall, only 27.3% of superobese women with diabetes delivered vaginally compared with
60.3% of normal-weight women with diabetes. When limited to nulliparous women with
diabetes, only normal-weight and overweight women delivered vaginally (spontaneous or
assisted) over half of the time (68% and 56%, respectively) versus 29% of superobese
women with diabetes. The incidence of primary elective cesarean increased significantly
with increasing maternal BMI with over 33% of morbidly obese and 39% of superobese
women with diabetes delivered electively by cesarean. Among multiparous women with
diabetes, 10.4% of superobese women with a prior vaginal birth required a primary
emergency cesarean during labor versus 3.7% of normal-weight women. Among
multiparous superobese women, 49.6% were delivered via repeat cesarean.

After adjusting for confounders including chronic hypertension, increasing BMI category
remained significantly associated with increased risk for cesarean delivery, preeclampsia,
and macrosomia compared with normal-weight women with diabetes, and the risk for
neonatal hypoglycemia and composite neonatal morbidity also increased for each elevated
BMI group except for overweight women with diabetes (Table 3). Superobese women with
diabetes were at significantly higher risk for preeclampsia (aRR 3.6, 95% CI 2.5, 5.2)
compared with normal-weight women with diabetes. Infants of superobese women with
diabetes were also at increased risk for macrosomia (aRR 3.0, 95% CI 1.8, 5.4) and
composite neonatal morbidity (aRR 2.0, 95% CI 1.6, 2.6) compared with infants of normal-
weight women with diabetes. Among women with diabetes, increasing maternal BMI was
protective against low birth weight (LBW; < 2500 g) for overweight, obese, and morbidly
obese compared with normal-weight women. Among nulliparous women with diabetes,
increasing maternal BMI was significantly associated with an increased risk of cesarean
delivery compared with normal-weight women, especially for superobese nulliparas
(adjusted odds ratio 5.5, 95% CI 3.4, 8.7). Overweight multiparous women were not at
increased risk of cesarean delivery, but all classes of obese women with diabetes were at
increased risk for cesarean delivery compared with normal-weight women.

A dose-response relationship for risk of cesarean delivery was seen with worsening obesity
in women with diabetes, although there was no difference between nulliparous super and
morbidly obese women (Table 4). Compared with nulliparous obese women with diabetes,
morbidly obese women with diabetes were 1.6 times more likely and superobese women
with diabetes were 2.4 times more likely to have a cesarean delivery. Compared with
morbidly obese women with diabetes, superobese women with diabetes were 1.5 times more
likely to develop preeclampsia and 2.3 times more likely to have a low Apgar score.
Although morbidly obese women with diabetes were more likely to have fetal macrosomia
than obese women with diabetes (aRR 1.3), there were no other significant differences in
risk for macrosomia or low birth weight between obese, morbidly obese, and superobese
women with diabetes.

Discussion

Elevated prepregnancy BMI in women with diabetes increases the risk of maternal and
infant complications in a dose—response fashion. Among women with diabetes, superobese
women experienced the highest rates of perinatal complications including a 67% incidence
of cesarean delivery, 34.2% composite neonatal morbidity, 14.6% preeclampsia, and 7.9%
macrosomia.
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Mode of delivery was significantly impacted by maternal BMI with the incidence of
cesarean delivery rising significantly with increasing BMI in women with diabetes and the
incidence of operative vaginal delivery decreasing significantly for overweight and obese
women with diabetes compared with normal-weight women with diabetes. Perhaps most
concerning, less than half of obese nulliparous women with diabetes delivered vaginally and
28 to 40% delivered via elective cesarean. A recent review discussed many of the potential
causes for increased cesarean delivery in obese women, including higher induction rates,
slower progress during labor, comorbid conditions, and gestational weight gain.22 As this
was a retrospective study, coding limitations prevented the determination of the exact
indication for each cesarean delivery. However, indications such as “arrest of dilation/
descent” or “failure to progress” may be influenced by caregiver bias if providers, following
increased inductions, fail to allow adequate time for labor progression, resulting in earlier
interventions in obese women with diabetes. Providers may also be less likely to attempt
operative vaginal delivery due to concerns for shoulder dystocia. Previous studies have
shown higher rates of cesarean delivery when providers are aware of diabetic status, despite
adjustment for macrosomia and other maternal risk factors.23:24 In our study population,
67% of superobese women with diabetes were delivered via cesarean, including 49.6% of
multiparous superobese women with diabetes who underwent repeat cesarean despite the
fact that these women face significantly increased risks of anesthetic and operative
complications compared with normal-weight women.25-27 Patients and providers need to be
aware of these potential biases and be prepared to discuss and manage labor complications.
Future studies need to examine the exact indication for cesarean delivery and investigate the
role of provider influence to determine whether mothers and infants are benefiting from
these very high cesarean delivery rates.

We determined that the incidence of preeclampsia increased significantly with increasing
maternal BMI in women with diabetes: 6% of women with diabetes with a BMI < 30 kg/m?
developed preeclampsia versus 10.5% of women with diabetes with a BMI = 30 kg/mZ.
Obesity has been strongly linked to development of preeclampsia, with the risk doubling for
every 5 to 7 kg/m? elevation in prepregnancy BMI.28 The role of abnormal glucose
tolerance in preeclampsia has been controversial, with one study finding no increased risk
after adjusting for confounders including maternal BMI,2° and others reporting a
significantly increased risk of preeclampsia in women with abnormal glucose tolerance,
whether or not they met gestational diabetes criteria.3%-32 Insulin resistance has been
strongly implicated in the pathogenesis of preeclampsia.8:33-36 Although diabetes is the
classic example of insulin resistance, obesity is also highly associated with insulin
resistance.3 It is difficult to determine the impact of diabetes plus obesity on the risk of
preeclampsia, but our data support an elevated risk for preeclampsia with increasing BMI in
women with diabetes.

Diabetes and obesity each have potential long-term health implications for both mothers and
their offspring. Women with gestational diabetes are at increased risk to develop type 2
diabetes, many within 5 to 10 years.3’ Birth weight is an important predictor of lifelong
health as babies born at the extremes of birth weight, either macrosomic (> 4,500 g) or LBW
(< 2,500 g), are at increased risk for chronic diseases later in life. Children born large for
gestational age (LGA) to women with either diabetes or obesity are at increased risk of
developing metabolic syndrome (obesity, hypertension, dys-lipidemia, and glucose
intolerance) by age 11, and half of LGA infants born to women with gestational diabetes
developed two or more components of metabolic syndrome by age 11.38 In our study,
superobese women with diabetes had the greatest incidence of fetal macrosomia (7.9%).
However, unlike overweight, obese, and morbidly obese women with diabetes with a BMI
of 25 to 49.9 who had lower risk of having an LBW infant compared with normal-weight
women with diabetes, superobese women with diabetes, despite their significantly increased
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weight, had no statistically significant difference in risk for LBW infants compared with
normal-weight women. Understanding the link between maternal obesity, glucose status,
and birth weight has important implications for decreasing the chronic disease risk for
infants born to obese mothers with diabetes.

Limitations of this study include the use of birth certificate and hospital discharge data,
which are dependent upon the original quality of the data entered and the opportunity for
misclassification. Stillbirths were not assessed as they are not reliably and consistently
reported to the state as part of the birth certificate records. Data were limited to 2000 to 2006
as that is the currently available period due to delay in release of data because of extensive
verification and may not reflect population changes since that time. As the Missouri birth
certificate does not reliably classify the different types of diabetes (type 1, type 2, Al
gestational, and A2 gestational), we chose to combine all women with diabetes. Although
this increases the generalizability of the results as women classified as having gestational
diabetes may have undiagnosed type 2 diabetes and therefore would have received an
incorrect designation,3? we recognize the limitation of not being able to perform a
subanalysis of the different types of diabetes and patient levels of glucose control. However,
previous studies have shown similar perinatal outcomes regardless of type of diabetes,0:41
We are unable to classify outcomes based on diabetic treatment method or compliance as it
is also not reliably reported on the birth certificate. Because treatment method has been
suggested to play a role in perinatal outcomes, ! it will be an important factor to include in
future studies, which are urgently needed due to the significant increases in obesity and
diabetes during pregnancy.

Last, the potential for undercoding a diagnosis such as preeclampsia or neonatal
hypoglycemia remains a concern. However, there is no reason to expect that undercoding
would be biased by maternal BMI. Patients who were not coded properly would lead to an
underrepresentation of the true incidence of these conditions, thus suggesting that the true
differences were even larger than stated.

Among women with diabetes, obese women are at significantly increased risk of several
pregnancy complications including cesarean delivery, preeclampsia, macrosomia, and
composite neonatal morbidity compared with normal-weight women, and the risks increase
with increasing maternal obesity. Weight loss prior to pregnancy may be important in
preventing the development of gestational diabetes and avoiding the additional burden of
diabetes and obesity. By showing an improvement in perinatal outcomes with decreasing
obesity class, this study highlights the potential benefit of modest weight loss even in the
presence of diabetes and reinforces the importance for providers and communities to
encourage healthy weight and preconception weight loss to help decrease maternal and
neonatal morbidity. These findings also call attention to the very high cesarean delivery rate,
including elective cesarean, in obese women with diabetes, especially women with a BMI >
40 kg/m?2, and emphasize the importance of examining this trend to determine whether the
outcomes for these mothers and infants are improved or whether they are experiencing
increased morbidity without significant benefit.
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Table 3

Adjusted Risk of Adverse Perinatal Outcomes by Maternal BMI Category

Maternal BMI (kg/m?)

Overweight Obese 30.39.9), Morbidly obese | Superobese
(25-29.9), aRR®(95% Cl) | (40-49.9), aRR® | (=50), aRR® (95% CI)
aRR&(95% Cl) (95% ClI)
Maternal
Nulliparous
Cesarean 1.7 (1.5, 2.0)P 2.3(2.0,2.6) 3.6 (3.0, 4.5)0 55(3.4,8.7)b
Operative vaginal 0.7 (0.6, 0.9)C 0.7 (0.5, 0.8)b 05 (0.3, 0.6)b 0.7 (0.3,1.34)
Multipamrousd
Cesarean 11(08 1.4) 14(1.1,18° | 26(19,35P | 47(28,7.7)°
Operative vaginal 0.9(0.7,1.2) 1.0(0.7,1.3) 1.1(0.8,1.5) 1.0 (0.5, 2.0)
Preeclampsia 18(1522)P | 25@130° [ 250032P 3.6(25,5.2)P
Neonatal
Macrosomia 20152700 | 205,270 | 27@0,37)P 3.0(18,5.0)
Low birth weight 07(0509C¢ |[070509c |o040306c |07(0415
Hypoglycemia 11(09,13) 1412,16P | 15@3,18P | 19(14,26)P
Length of stay >5d 1.1(0.9,1.4) 1.2 (1.0, 1.5) 1.7 (1.3, 2.2)b 2.0(1.3,3.0)°
Low Apgar 1.6 (1.0, 2.6) 1.1(0.7,1.8) 1.9(1.1,33)C 4.1 (1.9, 8.6)C
Composite morbidity® | 1.1 (1.0,1.3) 1.3 (1.2, 1.4)P 15(1.3,1.7)P 2.0 (1.6,2.6)0

Abbreviations: aRR, adjusted relative risk; BMI, body mass index; Cl, confidence interval.

Page 13

aReferent normal weight (BMI 18.5-24.9 kg/mz), adjusted for maternal age, black race, average education, Medicaid, adequate prenatal care,

smoking, marital status and chronic hypertension.

B< 0.0001.

€0<0.05.

d . .
Also adjusted for repeat cesarean and primary scheduled cesarean.

e . . . . . . . .
Low Apgar score (<7 at 5 min), birth trauma, infection, neonatal hypoglycemia, respiratory distress syndrome, seizures, neonatal length of stay >
5 d, and/or meconium aspiration syndrome.
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Perinatal Outcome—Comparisons Between Obesity Groups in Women with Diabetes

Table 4

Morbid versus
obese, aRR (95% CI)

Super versus
obese, aRR (95% CI)

Super versus
morbid, aRR (95% CI)

Cesarean

Nulliparous& 1.6 (1.3, 2.0)¢ 24(15,38) 15(09,25)

MultiparousP 1.8 (1.4, 2.3)¢ 3.2(2.0,5.2)¢ 1.7 (1.1,2.9)¢
Preeclampsial 10(09,1.2) 1.5 (1.0, 2.0)° 15(1.1,2.2)¢
Macrosomial 1.3(1.1,17)¢ 15(1.0,2.4) 1.1(0.7,1.7)
Low birth weight® 0.6 (0.4, 1.0) 1.2(0.6,2.4) 2.0(0.9,4.3)
Length of stay > 5 db 1.4 (1.1, 1.7)d 1.7 (11,254 13(08,19)
Low Apgar® 17(10,28) 3.3(16,6.9)d 23(1.1,4.9)°
Neonatal hypoglycemiab 11(09,13) 1.4 (1.0, 1.8)¢ 12(09,1.7)
Composite morbidity® | 1.2 (1.0, 1.3)¢ 1.6 (1.2, 2.1)8 13(1.0,1.7)

Abbreviations: aRR, adjusted relative risk; BMI, body mass index; Cl, confidence interval.

a. . . . . . . .
Adjusted for maternal age, black race, average education, Medicaid, adequate prenatal care, smoking, marital status and chronic hypertension.

b . .
Also adjusted for repeat cesarean, primary scheduled cesarean.

€0<0.05.

dp< 0.01.

®p < 0.00L.
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