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Abstract

Background—The United States has recently experienced increases in both its rate of obesity
and its cesarean rate. Our objective was to use a new item measuring prepregnancy body mass
index (BMI) on the U.S. Standard Certificate of Live Birth to examine at a population level the
relationship between maternal obesity and primary cesarean delivery for women at otherwise low
risk for cesarean delivery.

Methods—BYy 2012, 38 states with 86 percent of United States births had adopted the U.S.
Standard Certificate. The sample was limited to the 2,233,144 women who had a singleton, vertex,
term (37-41 weeks) birth in 2012 and no prior cesarean. We modeled the likelihood of a primary
cesarean by BMI category, controlling for maternal socio-demographic and medical
characteristics.

Results—Overall, 46.4 percent of otherwise low-risk mothers had a prepregnancy BMI in the
overweight (25.1%) or obese (21.3%) categories, with the obese category distributed as follows:
obese | (BMI 30.0-34.9, 12.4%); obese Il (BMI 35.0-39.9, 5.5%); and obese 111 (BMI 40+, 3.5%).
Obesity rates were highest among American Indian and Alaska Native (32.5%) and non-Hispanic
black mothers (30.5%). After adjustment for demographic and medical risks, the adjusted risk
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ratios (95% confidence intervals) of cesarean for low-risk primiparas were: 1.61 (1.60-1.63) for
obese I, 1.86 (1.83-1.88) for obese Il, and 2.21 (2.18-2.25) for obese |11 mothers compared with
mothers in the normal weight category.

Discussion—A relationship between prepregnancy obesity and primary cesarean delivery
among relatively low-risk mothers remained even after controlling for social and medical risk

factors.
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Methods

The long-term increase in obesity in the United States has begun to plateau (1). However,
current high levels of obesity have resulted in a wide range of problematic maternal and
infant health outcomes (2—7). Rates of prepregnancy obesity were found in a multi-state
study to have increased slightly over the past decade with a reported 20.5 percent of mothers
being obese as they began pregnancy in 2009, up from 17.6 percent in 2003 (8). A study
focusing on low-income women found 28 percent of a 2008 cohort to be obese before
pregnancy (9). One of the consequences of prepregnancy obesity has been a greater
likelihood of medical interventions, most notably cesarean delivery (10-13).

Prior studies on the link between obesity and cesarean delivery have been limited by several
factors, including relying on survey samples rather than population-based surveillance (11),
drawing on data sets from individual medical centers (12), or examining earlier time periods
when obesity and cesarean rates in the United States were lower (10-12). New items added
to the U.S. Standard Certificate of Live Birth provide an opportunity for the examination of
the relationship between prepregnancy body mass index (BMI) and cesarean births on a
much larger scale than has been possible in the past. This paper uses 2012 birth certificate
data from the 38 states (14) which included the new items to examine the hypothesis that
prepregnancy BMI will be related to the likelihood of a primary cesarean for low-risk
women even after controlling for other risk factors.

This retrospective cohort study took advantage of newly available data based on the 2003
revision of the U.S. Standard Certificate of Live Birth, which now includes information on
the mother’s height and prepregnancy weight that are needed to compute BMI. These data
are primarily obtained from the first prenatal visit, based on direct measurement of the
mother’s height and weight (when the first visit occurred early in the pregnancy), or from
the mother’s recall of her prepregnancy weight when the first visit occurred later in the
pregnancy. The 2003 revision was slowly adopted by states until by 2012, 38 states and the
District of Columbia included prepregnancy BMI (see Table 1 for a list of the states)
(14,15). We used standard definitions for BMI categories: underweight (BMI < 18.5);
normal weight (18.5-24.9); overweight (25.0-29.9); obese (30.0+); and the three
subcategories of obesity: obese | (30-34.9); obese 11 (35.0-39.9), and obese 111 (40+) (16).

Birth. Author manuscript; available in PMC 2016 February 11.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Declercq et al.

Page 3

Since more than 90 percent of mothers with a prior cesarean receive a repeat cesarean under
any circumstances (17,18), we have chosen to focus our analysis on primary cesarean
deliveries. To reduce variation based on perinatal characteristics, we limited our population
to women at low risk for a cesarean delivery according to the Healthy People 2020
definition: singleton, vertex presentation, and 37+ weeks of gestational age (19,20), with one
modification: we included only women delivering between 37 and 41 weeks of gestation, as
postterm (42+ weeks) gestational age has been found to be related to cesarean delivery (21).
Vertex presentation was defined as births with the cephalic presentation at birth checkbox
marked on the birth certificate.

Although obesity itself is sometimes considered a risk factor for cesarean delivery, these
women are low risk by the Healthy People 2020 definition; thus the designation “otherwise
low risk” for this study population. Results are presented for the following non-Hispanic,
single-race groups: white, black, American Indian or Alaska Native (AIAN), Asian, and
Native Hawaiian or other Pacific Islander (NHOPI) women; and for Hispanic women of any
race. The distribution of BMI categories by demographic and medical risk factors, and the
likelihood of a primary cesarean by those same variables and by state was examined. Not
stated responses were excluded before percentages were computed.

Because cesarean is a relatively common outcome, we did not use logistic regression but
instead used general estimating equations with a Poisson distribution and log link to model
the risk of cesarean delivery by obesity categories (underweight, normal weight, overweight,
and obesity categories I-111). This approach allowed us to generate relative risks, as opposed
to odds ratios. Normal prepregnancy weight was chosen as the reference group. In the
multivariate model we included demographic and medical risk factors shown in the past to
be related to the likelihood of a primary cesarean (21-23). The demographic factors
included were: maternal age (< 20 years; 20-24 years [ref]; 25-29 years; 3034 years; 35—
39 years; 40+ years), race/ethnicity (groups shown above; non-Hispanic white [ref]),
education (< 12 years completed [ref]; 12 years only completed; 13+ years completed), live
birth order (first birth; 2+ births [ref]), maternal nativity (native born [ref]; foreign born),
and source of payment for the birth (private insurance [ref]; Medicaid; self-pay). Maternal
prenatal care (late/no prenatal care; prenatal care began in first 3 months [ref]) was also
included as were chronic diabetes (no [ref]; yes), gestational diabetes (no [ref]; yes), and
hypertension (no [ref]; yes).

We tested for interactions between BMI and maternal race/ethnicity, age, live birth order,
and medical risk factors (diabetes and hypertension), as they had been related to cesareans in
prior research (21,22). Of these, the only consistently significant interaction was with birth
order and we choose to stratify our multivariate models by birth order. We also tested the
possible influence of birthweight on the model by limiting the birthweight to infants
between 2,500 and 3,999 g in a sensitivity analysis, and it did not change the results. Given
that the population studied is more than 2.2 million, tests of statistical significance are not
presented in Tables 1 and 2 as even the smallest differences were significant. Comparisons
are across BMI categories unless otherwise noted. In the multivariate analysis, 95 percent
confidence intervals are presented. The study was based on the publicly available Natality
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data set from the National Center for Health Statistics, and was exempt from Institutional
Review Board review.

From an initial 3,952,841 overall United States births in 2012, there were 3,412,436 births to
residents of the 38-state and Washington, DC reporting area (86%). Limiting the study to
mothers without a prior cesarean further reduces the study population to 2,905,024, and
excluding cases of multiple births, malpresentation, and gestational ages < 37 weeks or more
than 41 weeks results in a final study population of 2,233,144. Table 1 presents the
distribution of prepregnancy BMI for mothers in the 38 states and Washington, DC in our
study. Overall, 46.4 percent of mothers had a BMI in the overweight (25.1%) or obese
(21.3%) categories, with the obese category distributed as follows: obese | (12.4%); obese |1
(5.5%); and obese 111 (3.5%).

The distribution of prepregnancy weight varied substantially across certain demographic and
behavioral characteristics and medical risk factors. For example, the proportion of American
Indian and Alaska Native (AIAN) (32.5%) and non-Hispanic black mothers in the obese
categories (30.5%) is more than five times higher than the comparable figure among Asian
mothers (6.1%).

Likewise, native-born mothers (23.0%) were more likely to be obese than foreign-born
mothers (15.4%) and mothers with private insurance (25.0%) as compared with those on
Medicaid (18.5%). There were increases in the prevalence of obesity associated with each
successive birth (birth 1—19.0% obese; 2—20.8%; 3—24.1%; 4+-29.0%). Prepregnancy
obesity was also associated with a variety of medical conditions, most notably prepregnancy
hypertension—19.6 percent of those with chronic hypertension were normal weight
prepregnancy and 56.8 percent were obese.

Table 2 presents primary cesarean rates for singleton, vertex births at 37-41 weeks by
demographic and medical risk factors. Compared with a mother in the normal weight range
prepregnancy (primary cesarean rate 14.6%), the primary cesarean rate for mothers in each
obese category increased from 22.9 percent in obese | to 27.4 percent in obese 11 and 35.1
percent in obese I11. Primary cesarean rates were consistently higher among mothers in the
obese |11 category and particularly among mothers with prepregnancy diabetes (54.2%) or
gestational hypertension (46.0%). More than two in five first-time mothers (40.9%) with
prepregnancy obesity had a cesarean with rates increasing by obese category (obese |—
36.5%; obese 11—43.0%; obese 111—52.8%).

Given that the population was limited to mothers without a prior cesarean, high order births
involved mothers who had given birth vaginally in the past and primary cesarean rates
decreased with birth order. Although primary cesarean rates were higher in older age groups,
the differences between obese and normal weight mothers declined with increasing age. The
greatest difference was for younger mothers, with a primary cesarean rate for obese category
I11 mothers that was 2.8 times that for normal weight mothers (39.6-14.0%). In comparison,
for mothers age 40+, the difference was smaller in relative (1.7 times) and absolute terms
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(45.0-24.0%). Mothers with births that were self-paid had lower obesity rates, and also
distinctly lower primary cesarean rates at each BMI category, including for obese category
111 (23.9%) (Tables 1 and 2). This rate was substantially lower than the primary cesarean
rate for mothers in obese category 111 on Medicaid (32.7%) or private insurance (39.3%).

Figure 1 presents the results of the multivariate analysis stratified by parity. After
controlling for demographic and medical risk factors, the relationship of prepregnancy
obesity with the likelihood of a primary cesarean is pronounced. The adjusted risk ratio
increases monotonically across the BMI categories for both primiparous and multiparous
mothers. Because of the large sample size, the confidence intervals are very small with all
differences by obesity category significant at p < 0.05.

For primiparous mothers, the risk ratios shift from a significantly lower likelihood for
women who were underweight prepregnancy (risk ratio 0.81 [95% CI1 0.79-0.83]) to 1.61
(1.60-1.63) for obese I, 1.86 (1.83-1.88) for obese I, and 2.21 (2.18-2.25) for obese IIl. A
comparable pattern is found among multiparous mothers. In a related analysis, we limited
the sample to mothers who did not have evidence of chronic or gestational diabetes or
hypertension and found a comparable pattern of adjusted risk ratios, ranging from a
significantly lower likelihood for women who were underweight prepregnancy (AOR 0.84
[95% CI 0.80-0.88]) to 1.76 [1.72-1.79] for obese I, 2.14 [2.08-2.19] for obese 11, and 2.94
[2.85-3.03] for obese 111 (data not shown).

Discussion

Utilizing what is the largest United States data set yet available, we have identified a
substantial relationship between prepregnancy obesity and the likelihood of a primary
cesarean. Analyzing more than 2.2 million births from 38 states and Washington, DC for
2012, we found more than one in five (21.3%) mothers began their pregnancy with a BMI in
the obese range and that the likelihood of a primary cesarean increased consistently across
categories of obesity in a population of low-risk women who would otherwise be likely
candidates for a vaginal birth, even after controlling for several demographic and medical
risk factors. For primiparous mothers in the obese 111 category (BMI 40+), the odds of a
primary cesarean were 2.2 times that of a mother in a normal weight category and for a
multiparous mother the difference was 2.3 times. Limiting our sample to an even lower risk
group of mothers, those without evidence of diabetes or hypertension did not alter the
pattern of the findings, nor did limiting the sample to infants with birthweights between
2,500 and 3,999 g.

Despite its large sample, this study has several limitations. The data account for 86 percent
of all births in the United States, but they do not include 12 states and therefore cannot be
regarded as a representative sample of all United States births. Also limiting this study is the
lack of indications for cesarean, though births involving some of the more common reasons
for a cesarean (prior cesarean, malpresentation, postdate, twins) were excluded from the
analysis.
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The measurement of prepregnancy BMI on the birth certificate is a new item and there have
been limited studies of the accuracy of birth certificate reporting of this item. Park et al
compared the BMI measure on the birth certificate to WIC records for the same mothers and
found the measure to be generally valid and reliable for population-based research (24).
Bodnar et al compared BMI data from Pennsylvania birth certificates to medical records
from a single hospital over time and found BMI reporting most reliable for normal,
overweight, obese |1, and obese 111, but less accurate for underweight and obese 1 categories
(25).

Although not directly focused on the birth certificate measure of BMI, Holland et al found
maternal self-reported prepregnancy weight to be generally concordant with weight
measured at first visit with 87 percent of mothers categorized in the same BMI category
(26). Oken et al found a strong correlation (r = 0.99) between self-reported prepregnancy
weight and weight recorded in a medical visit near the beginning of pregnancy (27). A
recent study of the quality of medical and health items from the 2003 birth certificate found
reasonable data quality for variables such as cesarean delivery, gestational age, trimester
prenatal care began, and source of payment; however, diabetes and hypertension appear to
be underreported in birth certificate data (28). Demographic items such as maternal age,
race/ethnicity, and education have previously been found to be accurately reported on birth
certificates (29). Some other factors, such as placenta previa and fetal anomalies, that would
have been relevant to the analysis were not included in the multivariate model because of
concerns about the quality of the measurement of those items on the birth certificate.

Both the finding of the rate of prepregnancy obesity and the greater likelihood of a primary
cesarean associated with increasing levels of BMI are generally consistent with the limited
past United States-based research that has been done on this topic. With respect to the rate of
prepregnancy obesity, Fisher et al, using PRAMS data from 20 states in 2009, found 20.5
percent of mothers were in the obese category before pregnancy (8). Among studies linking
obesity to the likelihood of a cesarean delivery, Dietz et al using PRAMS data from 19 states
between 1998 and 2000 found very obese (BMI 35+) first-time mothers without other
complications more than three times more likely to have a primary cesarean than mothers
with a prepregnancy weight in the normal range (11), and Roman et al using medical records
from a single hospital between 1994 and 2004 found a 2.8 times greater likelihood of a
cesarean for low-risk mothers who were very obese (12).

At a clinical level, it is unclear why the primary cesarean rate is consistently higher in the
obese population. Because of the added morbidity associated with surgery in obese patients
(5-7), physicians often try to avoid cesareans in obese patients. We controlled for maternal
age, hypertension, and diabetes, all contributors to placental insufficiency, to decrease the
potentially confounding effect of nonreassuring fetal testing. In light of the greater risk of
stillbirth in obese patients (4), they might be subject to greater numbers of ultrasounds and
other fetal testing. Closer monitoring is often associated with more interventions, potentially
increasing cesarean risk (30). In addition, labor management may be influenced by maternal
weight, as practitioners may initiate surgery earlier to avoid an emergency procedure on an
obese mother.
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From a public health perspective, campaigns emphasizing preconception care (31) and a life
course approach (32,33) to maternal health, including prevention of obesity, may be able to
reduce the risks from a factor that is strongly associated with primary cesareans. More
importantly, recent systematic reviews and meta analyses (2,4) suggest that reducing
prepregnancy BMI could have a positive change to population-based research. Campaigns to
prevent maternal obesity can be extremely challenging (34,35) but are necessary steps in
mitigating the negative effects of obesity on maternal and infant health.

The once rapid growth of prepregnancy obesity in the United States has apparently slowed,
but the consequences of having hundreds of thousands of United States mothers begin their
pregnancy obese remain. This study has documented a consistent relationship between
prepregnancy obesity and primary cesarean delivery among mothers otherwise at relatively
low risk. Given the low rate of vaginal birth after cesarean in the United States, subsequent
cesareans for these mothers are likely as well. The response to the problem of the
relationship of prepregnancy obesity with primary cesareans cannot, by definition, await the
beginning of pregnancy and will necessitate efforts from medical practitioners and the
public health community involved in women’s health in general to address this problem.

Conclusion

In this study of more than 2.2 million United States women, prepregnancy obesity was
found to represent an independent risk factor for primary cesareans, even after controlling
for maternal demographic characteristics and medical risk factors. For clinicians, further
research is needed to clarify the factors associated with prepregnancy obesity that may be
the basis for a decision to proceed with a primary cesarean. For the public health
community, these findings suggest an additional justification for efforts to reduce rates of
obesity among women of reproductive age.
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Fig. 1.

Adjusted* risk ratios' for cesarean delivery by body mass index (BMI), low-risk* mothers
with no prior cesarean, 38 states, 2012. *Adjusted for maternal age, race/ethnicity,
education, trimester prenatal care began, nativity (US or foreign-born), method of payment
for the delivery, and prepregnancy and gestational diabetes and hypertension. T“Normal
weight” (BMI 18.5-24.9) was the reference group; error bars represent 95% confidence
intervals. ¥Singleton, vertex, 37-41 weeks of gestational age. LBO = live birth order.
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