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Abstract
Objective—To assess body mass index (BMI) effect on cesarean risk during labor.

Study Desigh—The Consortium on Safe Labor collected electronic data from 228,668 deliveries.
Women with singletons >37 weeks and known BMI at labor admission were analyzed in this cohort
study. Regression analysis generated relative risks for cesarean stratifying for parity and prior
cesarean while controlling for covariates

Results—Of the 124,389 women, 14.0% had cesareans. Cesareans increased with increasing BMI
for nulliparas, multiparas with and without a prior cesarean. Repeat cesareans were performed in
>50% of laboring women with a BMI >40kg/mZ2. The risk for cesarean increased as BMI increased
for all subgroups, p<0.001. The risk for cesarean increased by 5%, 2%, and 5% for nulliparas,
multiparas with and without a prior cesarean, respectively, for each 1kg/m? rise in BMI.

Conclusion—Admission BMI is significantly associated with delivery route in term laboring
women. Parity and prior cesarean are other important predictors.
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Introduction

Amidst an epidemic of obesity in the United States, obesity among pregnant women has risen
dramatically. The increased perinatal morbidity associated with maternal obesity such as birth
defects, preeclampsia, gestational diabetes, stillbirth, abnormal fetal growth, and cesarean
deliveries has caught the attention of obstetricians-gynecologists.(1) Long-term adverse
outcomes of maternal obesity, including childhood and adolescent obesity for their offspring,
are becoming well-known.(2,3) Another critical issue in obstetrics is the rising cesarean rate,
estimated at 31.8% in 2007.(4) In addition to the known short-term complications such as
infectious morbidity and thromboembolic events, cesarean deliveries are associated with long-
term complications such as abnormal placentations and hysterectomies.(5,6)

Labor management as well as cesarean delivery in the obese gravida presents many clinical
challenges. The relationship between body mass index (BMI) and cesarean delivery is well-
established with some studies showing a direct linear relationship between the two.(7-10)
However, prior studies have not independently evaluated the associations between parity, prior
cesarean, BMI, and delivery route. The objective of this study is to characterize the role of
BMI at labor admission on cesarean delivery via regression analysis using data from the
Consortium on Safe Labor database.

Materials and Methods

Thisisan analysis of data from the Consortium on Safe Labor. The primary goal of the NICHD-
sponsored Consortium on Safe Labor was to establish a comprehensive database from multiple
sites and characterize labor and delivery in a contemporary group of women experiencing
current obstetrical clinical practices. The complete database contained 228,668 deliveries
between 2002 and 2008 acquired from electronic obstetrical databases. Twelve clinical centers
from 19 distinct hospitals across 9 American College of Obstetricians and Gynecologists
(ACOQG) districts participated in the Consortium on Safe Labor. The majority (87%) of births
occurred between 2005 and 2007. All births at 23 weeks or later were included in the database.
Participating institutions extracted detailed information from their electronic medical records
on maternal demographic characteristics, medical history, reproductive and prenatal history,
labor and delivery summary, postpartum, and newborn information. An in-house obstetrician
was available 24 hours per day at 11 of the 12 participating sites. The Institutional Review
Boards of all participating institutions, the NICHD, and the Data Coordinating Center
(EMMES Corporation) approved this project.

For the current cohort study, the inclusion criteria were live-born cephalic singletons at > 37
0/7 weeks gestation with induced or spontaneous labor, defined as those who had a vaginal
delivery or those who had at least two cervical examinations documented in the obstetrical
database. As such, the intent was to exclude patients with a prelabor cesarean delivery. In
addition, we included only cases where the maternal height and weight at the time of labor
admission were available so as to calculate BMI in kg/m? for each patient. Further, after
applying the eligibility criteria noted above, about 6% of women contributed more than one
delivery to the database. To avoid intra-person correlation, we selected the first delivery
captured in the study irrespective of women's parity. The primary outcome was delivery route
(i.e., cesarean or vaginal delivery). Independent variables considered in the statistical analyses
and adjusted for in the regression analyses included maternal age, race, gestational age, parity,
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short stature (height <1.50m), prior cesarean delivery, pre-gestational or gestational diabetes,
cervical dilation on admission (in centimeters), and induction of labor. These independent
variables were selected not only because they were available at the time of admission to labor
and delivery but also because they have been shown to be associated with delivery route. The
data for maternal age, gestational age, and cervical dilation on admission were analyzed as
continuous variables, while the other variables were analyzed as categorical except for BMI
at admission. The latter was analyzed both continuously and in categories grouped by WHO
criteria (normal <25.0 kg/m?, overweight 25.0-29.9 kg/m?, obese Class | 30.0-34.9 kg/m2,
obese Class Il 35.0-39.9 kg/m2, and obese Class 111 > 40 kg/m?2).(11) Because parity and prior
cesarean are known determinants of cesarean delivery, the relationship between BMI at
admission and cesarean was also examined within the three subgroups defined by these factors:
nulliparas, multiparas with a prior cesarean, and multiparas without a prior cesarean. There
were 6,025 multiparas in the eligible cohort wherein prior cesarean status was not noted in the
electronic medical record. Because the proportion of these cases that had a cesarean (3.5%)
was very similar to the proportion that had a cesarean in multiparas without a prior cesarean
(4.9%), it was assumed the lack of a comment in the electronic medical record for these cases
corresponded to no prior cesarean and therefore this group with missing prior cesarean status
was analyzed with those without a prior cesarean.

Analyses included descriptive and univariate statistics (Chi-square and the non-parametric
Wilcoxon Rank Sum test) for describing the relationship between the independent variables
and delivery route. The Cochran-Armitage trend test was used to assess the linear trend
relationship in the proportion with cesarean delivery by BMI category according to WHO
criteria. Modified Poisson regression methodology (with robust error variance) estimated the
unadjusted and adjusted relative risk (RR) and 95% confidence intervals (Cl) of a cesarean
delivery (12). Predicted means generated from the overall Poisson regression multivariate
model, with BMI at admission as a continuous variable, were used to calculate predicted
probabilities of a cesarean delivery for each delivery. After rounding the BMI to the closest
integer, the predicted probabilities were averaged for each BMI at admission value between
the range of 21 kg/m? and 50 kg/m?2, which represents the 15t and 99" percentiles of the data.
A locally weighted scatterplot smoothing regression method was applied to the average
predicted probabilities to generate a smoothed line to visually display the relationship between
BMI at admission and probability of a cesarean section. Statistical analysis was performed
using Statistical Analysis Software (Version 9.2., SAS Institute Inc., Cary, NC).

The entire Consortium on Safe Labor database consisted of 228,668 deliveries. After
exclusions (18% prelabor cesareans, 4% multiple gestations, 14% deliveries <37 weeks, 21%
missing BMI data, or a combination of these factors), 132,165 met the eligibility criteria for
the current study. After removing 7,776 deliveries of multiple pregnancies from the same
mother and retaining the first delivery, 124,389 patients remained in the analysis dataset, of
which 17,434 (14.0%) had a cesarean delivery performed during labor. Table 1 describes the
demographic data of the current study, grouped by delivery route and stratified by parity and
prior Cesarean status. Maternal age > 35 years, short stature, black or hispanic race, nulliparity,
less dilated cervices on labor admission, diabetes, and induced labor were more common in
cesarean compared to vaginal deliveries. Only 4.3% of the total group had a prior cesarean,
and of these, 63% delivered vaginally. The intrapartum cesareans amongst the 12 different
participating sites ranged from 9.2-26.5%.

The mean BMI (kg/m?2) of the patients delivered via cesarean was greater than those delivered
vaginally (32.9+6.9 vs. 30.2+5.7). Nulliparas (32.6+6.8 vs. 29.6+5.4), multiparas with a prior
cesarean (33.2+6.9 vs. 31.1+5.9), and multiparas without a prior cesarean (33.8+7.0 vs. 30.5
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+5.8) delivered by cesarean had a greater mean BMI (kg/m?) at labor admission compared to
those delivered vaginally and each of these comparisons were statistically significant (p<0.001;
Wilcoxon Rank Sum test). As shown in Table 2, the cesarean delivery percentage increased
with BMI category in all subgroups, and was highest in multiparas with a prior cesarean. In
these deliveries, the cesarean deliveries increased from 24.9% in those with BMI < 25.0 kg/
m? to 52.8% in women > 40 kg/m? (Class I11 obesity) at labor admission. Multiparas without
a prior cesarean had the lowest cesarean deliveries, 2.2% in those with BMI at admission <
25.0 kg/m2 which increased to 11.0% in women with a BMI > 40 kg/m? at labor admission.
Cesarean deliveries for nulliparas fell in between the other two subgroups, with cesarean
delivery rates ranging from 11.1% in those with BMI at admission < 25.0 kg/m? to 42.8% in
those with BMI > 40 kg/mZ.

After adjusting for potential confounding factors (site, maternal age, maternal height, maternal
race, pre-gestational or gestational diabetes, cervical dilation at admission, and induction), the
regression analyses presented in Table 3 confirmed the same trends observed in Table 2. In
these regression analyses, BMI at admission was considered a continuous as well as a grouped
variable based on the WHO criteria. Additionally, analyses compared all group categories to
the lowest BMI category as a reference, < 25.0 kg/m?. In the adjusted analysis, the risk for
cesarean delivery increased as BMI increased for all subgroups (p<0.001; Table 3). The
increase in risk was similar in nulliparas and multiparas without prior cesarean, with the risk
over 3 times greater in those with a BMI > 40 kg/m? compared with the <25 kg/m? reference
group. There was approximately a doubling in risk for those with a prior cesarean. When
evaluating BMI as a continuum, we found that the risk for cesarean increased by 4% for the
total group, 5% for nulliparas, 2% for multiparas with a prior cesarean, and 5% for multiparas
without a prior cesarean for each 1 kg/m? increase in BMI. Increasing by one category in the
BMI categories was associated with increases in risk for all groups (31% total group, 32% for
nulliparas, 13% for multiparas with a prior cesarean, and 33% for multiparas without a prior
cesarean). For the data in Table 3, we repeated the analysis for the multiparas without a prior
cesarean subgroup omitting the 6,025 multiparas in the eligible cohort wherein prior cesarean
status was not noted in the electronic medical record. The results of this regression analysis
were still statistically significant and with nearly identical relative risks compared to the results
of the original regression analysis in which those women were classified as delivering
vaginally.

When examining the predicted probability of cesarean as BMI increased, there was a linear
and rapid rise for nulliparas which was always greater than the less steep curve for the
multiparas without a prior cesarean (Figure 1). The change in probability as BMI increased
was not as marked for multiparas with a prior cesarean and it crossed the nulliparas' line at
approximately 38 kg/m?2.

Increasing BMI is associated with an increased risk of perinatal complications, including
cesarean delivery. As demonstrated in this multi-center study of electronic obstetrical
databases, cesarean deliveries were more likely to occur in laboring patients with greater BMIs
at labor admission. In addition, these findings were consistent across strata based on parity and
prior cesarean status, although the magnitude of the effects differed among the subgroups. The
relative effect was most pronounced for multiparas without a prior cesarean and Class I11
obesity, with 11% having a cesarean, compared to only 2% in those with BMI < 25 kg/mZ.
Furthermore, in a regression analysis, the risk for cesarean was 3.1 among women with Class
I11 obesity after controlling for important variables such as diabetes, induction, and cervical
dilation on admission. We also found that cesareans increased significantly across the different
classes of obesity and this was a significant effect in the nulliparas as evidenced by non-
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overlapping confidence intervals (Table 3). The group with a prior cesarean had the smallest
number of patients (n=5,288) and also had an attenuated increase in cesarean risk as BMI
increased. This is likely due to the already high number of cesareans performed in the patients
with a normal BMI (25%) in this group. We also determined that the risk for cesarean increased
by 2-5% for each unit rise in BMI.

Although other investigators have reported on the increased risk for cesarean deliveries with
increasing BMI (13-17) with unadjusted risks as high as 3.6, our study is unique in several
ways. First, previous studies did not stratify by both parity and prior cesarean status. Lynch et
al stratified cases by gravidity and found that primigravidas and multigravidas with a BMI >35
kg/m?2 were 2.3 and 2.4 times more likely, respectively, to have a cesarean in labor compared
to those with a normal BMI, respectively, but they did not account for those having a vaginal
trial of labor after cesarean.(10) A large population based study which included pre-labor and
intrapartum cesarean deliveries found a significant association between obesity and cesarean
(odds ratio 3.2).(18) In their multivariable analysis, the odds ratio a repeat cesarean was 3.1
(p<0.001) for the obese group, but this represented only 1.4% of the total population.(18) Barau
et al found a linear trend between BMI and cesarean with an OR of 3.6 for the 40-44.9 kg/
m?2 BMI group, but they included non-laboring patients as well (elective cesareans) and did
not control for inductions and prior cesareans.(7) Although studies have similar findings with
respect to BMI and cesarean risk, parity and prior cesarean status are important to stratify as
the risks are different amongst the groups as determined by regression analysis in this study.
Second, most studies have grouped patients with a BMI > 30 kg/m? into one category.(8,9,
13,17-19) Given the large number of obese patients in our database we were able to give
detailed risks of cesarean deliveries within the different obesity classes. This is important given
the linear relationship between BMI and cesarean and the BMI population trends in the United
States. Finally, the number of subjects in this analysis exceeds all other studies on the risk of
cesarean with increasing BMI.(7-10,13,17-20)

Unlike other studies regarding BMI and pregnancy, we chose to use the maternal weight on
admission rather than the pre-pregnancy weight to calculate BMI because this variable would
have more of an immediate impact on the performance of cesarean delivery as it takes into
account weight gain during pregnancy. The one study that directly compared third trimester
pregnancy weight to pre-pregnancy weight reported that the odds for cesarean increased more
when BMI was calculated with a third trimester pregnancy weight (7.8% vs. 7.0% for each
unit rise in BMI).(21) In addition, maternal weight on admission was more complete across all
sites in the Consortium on Safe Labor database. It was the practice of the majority of the
participating sites to calculate admission BMI based on patient self-report while other sites
used the weight recorded from the most recent prenatal visit. We acknowledge the potential
for inaccuracy with this practice, however, we were able to compare prepregnancy and labor
admission weight for 83% of our cohort (n=103,062) and found that the mean weight gain
during the pregnancy was 14.5kg. Furthermore, 98.4% (n=101,376) gained weight, 2.2% lost
weight (n=22,658), and 0.3% (n=355) stayed the same as the prepregnancy weight. The
differences in the prepregnancy and admission weight support that the admission BMI reflects
a change from the prepregnancy weight. Although weighing patients at a labor admission is
not routinely performed, this practice could provide more accurate data and impact the study
of perinatal outcomes.

Although the mean BMI of the cohort was 30.5 kg/m?, this does not necessarily suggest that
our patients were “obese” as defined by WHO criteria. As temporary weight gains are expected
in pregnancy, crossing into an obese BMI category during a pregnancy does not necessarily
increase long-term morbidity risk assuming the weight gained during pregnancy was eventually
lost.(22) Given that the mean height of our population was 1.6m, a normal pre-pregnancy
weight would be <65 kg. If a 65 kg woman gained the maximal recommended weight during
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pregnancy (35 Ibs or 16 kg) (23), then the BMI at admission would be expected to be 31.6 kg/
m? or Class | obesity by WHO definitions. As such, a BMI in the obese range for a term gravida
may be “normal” for pregnancy. However, the impact of this information is important since
we determined that crossing into a greater BMI category increased the risk for cesarean by
30% for all categories except for those with a prior cesarean, which demonstrated only a 14%
increase in risk for an increase in BMI category (Table 3). This highlights the difficulty of
defining and characterizing obesity during pregnancy. We propose that BMI at admission,
which also incorporates weight gain during pregnancy, rather than pre-pregnancy BMI, may
more accurately predict cesarean risk. This hypothesis requires further testing, but is based on
other studies and opinions that suggest that obese patients are more likely to require a cesarean
because of a greater fetal size, a soft tissue obstruction to labor, poor uterine contractility, or
a care-giver bias.(7,18-20,24) Although an explanation for this association is lacking, it is
important to determine the underlying causes or mediators for cesarean deliveries as BMI
increases. We did not specifically examine cesarean indications in this study and realize that
the study design cannot determine whether or not the cesarean itself was indicated.

Since the goal was to provide information regarding cesarean risk based on the initial physical
exam at admission and prior to delivery, we did not include variables such as the length of
labor or infant weight. The multi-center approach allows for the information to be generalized
to practices across the United States, but especially so for those who manage the labor of obese
gravidas. Other studies have also addressed the decreasing success rate of vaginal birth after
cesarean with increasing BMI (25-28). Our results parallel these findings where the vaginal
birth after cesarean rate was only 47.2% with a BMI > 40.0 kg/mZ.

Our findings support what is becoming widely-recognized and accepted clinical dictum—
obesity increases the risk of cesarean delivery in an incremental and linear way. Furthermore,
other important factors for cesarean delivery are parity and prior cesarean deliveries. As the
obesity epidemic continues, this information will assist clinicians in counseling patients about
the risk for cesareans. Although cesareans increased with increasing BMI and surpassed 50%
in multiparas with a prior cesarean and Class I11 obesity, the findings do not suggest that labor
should be abandoned in the obese gravida. Although there is a linear relationship with BMI
and cesarean rate (7.3% for normal, 11.3% for overweight, 15.5% for obese Class I, 20.4% for
obese Class Il, and 27.3% for obese Class 111 categories, respectively), still 3 out of 4 morbidly
obese (BMI >40 kg/m?) women who labored delivered vaginally in our study. Future research
should identify the relative contribution of factors (i.e. fetal size, labor progress, patient
counseling, and obstetrical decision-making) that might explain why obesity increases cesarean
deliveries. Then the most important mechanisms can be targeted for further study and
intervention. Given the increased risk of post-operative infectious morbidity and wound
healing problems in obese patients, further research should also address whether the risk of
peripartum complications in obese gravidas who labor exceeds the risk in obese gravidas who
undergo cesarean delivery prior to labor.
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Figure 1.
Predicted Probability of Cesarean with BMI as a Continuum Stratified by Parity and Prior
Cesarean Status.
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