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Abstract

Objectives—This study takes a lifecourse approach to understanding the factors contributing to
delivery methods in the United States by identifying preconception and pregnancy-related
determinants of medically indicated and non-medically indicated Cesarean section (C-section).

Methods—Data are from the Early Childhood Longitudinal Study-Birth Cohort, a nationally
representative, population-based survey of women delivering a live baby in 2001 (n=9,350).

Three delivery methods were examined: (1) vaginal delivery (reference); (2) medically indicated
C-section; and (3) non-medically indicated C-section. Using multinomial logistic regression, we
examined the role of sociodemographics, health, healthcare, stressful life events, pregnancy
complications, and history of C-section on the odds of medically indicated and non-medically
indicated C-section, compared to vaginal delivery.

Results—74.2% of women had a vaginal delivery, 11.6% had a non-medically indicated C-
section, and 14.2% had a medically indicated C-section. Multivariable analyses revealed that prior
C-section was the strongest predictor of both medically indicated and non-medically indicated C-
sections. However, we find salient differences between the risk factors for indicated and non-
indicated C-sections.

Conclusions—Surgical deliveries continue to occur at a high rate in the United States despite
evidence that they increase the risk for morbidity and mortality among women and their children.
Reducing the number of non-medically indicated C-sections is warranted to lower the short and
long-term risks for deleterious health outcomes for women and their babies across the lifecourse.
Healthcare providers should address the risk factors for medically indicated C-sections to optimize
low-risk delivery methods and improve the survival, health, and well-being of children and their
mothers.
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Health, University of Wisconsin, Madison WI, 610 North Walnut Street, WARF Office 503, Madison, W1 53726, wwitt@wisc.edu.
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INTRODUCTION

The prevalence of Cesarean section (C-section) among women in the United States (U.S.)
has dramatically risen from 21% in 1997 to an unprecedented level of 33% in 2011 (1, 2);
however, such surgery is often not medically necessary and poses serious short- and long-
term health risks to the mother and baby (3-5). Furthermore, in the U.S., C-sections cost
considerably more than vaginal deliveries (i.e., $12,739 versus $9,048, respectively, in
2010) (6) and are associated with elevated rates of postpartum medical care utilization and
re-hospitalizations (7, 8). In addition to the significant health risks and costs associated with
C-sections, the factors leading to C-sections versus vaginal delivery, particularly medically
indicated C-sections compared to non-medically indicated C-sections (1), are not well
understood.

This study takes a lifecourse approach to understanding the factors contributing to vaginal
and medically indicated and non-medically indicated C-section deliveries in the U.S. As the
lifecourse model posits that perinatal health is influenced by cumulative effects of events
across the lifespan as well as intergenerational effects (9), preconception health has become
an increasingly important concern for researchers and practitioners alike. Hence, our study
evaluates both preconception and pregnancy-related determinants of delivery methods using
data from the Early Childhood Longitudinal Sudy-Birth Cohort (ECLS-B), a nationally
representative, population-based cohort of women and their babies. This research has
important implications for clinical interventions and public health policies to prevent
unnecessary C-sections and improve subsequent maternal and child health outcomes.

METHODS

Data are from the first wave of the Early Childhood Longitudinal Study, Birth Cohort
(ECLS-B), a nationally representative cohort of children born in 2001 and their parents. The
ECLS-B used a clustered, list frame design to select a nationally representative probability
sample of the approximately four million children born in 2001, with oversampling of
children from racial and ethnic minority groups, twins, and children born at very low and
low birthweights, based on registered births from the National Center for Health Statistics
vital statistics system (10). Children born to mothers under 15 years of age, those who were
adopted after the birth certificate was issued, and those who did not survive until nine
months of age were not included in the sampling frame. Over 14,000 births were sampled
and contacted; from these sampled births, the final study cohort (consisting of completed
nine month interviews) of 10,700 was formed when the children were approximately nine
months old.

Restricted data for this study were obtained by permission and approval from the Institute
for Education Sciences (IES) Data Security Office of the U.S. Department of Education,
National Center for Education Statistics (NCES). In accordance with NCES guidelines, all
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reported unweighted sample sizes are rounded to the nearest 50. The University of
Wisconsin-Madison Health Sciences Institutional Review Board considered this study
exempt from review.

Participants were eligible for the present study if the main survey respondent was the
biological mother of the infant (n=10,550); 450 additional records with missing birth
certificate data were subsequently excluded. The ECLS-B included individual records for
each child within twin pairs identified through oversampling; for this analysis, we randomly
selected one twin from each pair to retain in the sample. For other multiples in the sample
(i.e., not explicitly recruited as part of the oversampling), only one infant from in the
household was surveyed. Our final sample included 9,350 mother-child dyads.

Delivery Method—Data from the birth certificate were used to determine if the method of
delivery involved a C-section or a vaginal birth; women who delivered via C-section were
further classified into two mutually exclusive groups: medically indicated C-section and
non-medically indicated C-section (hereafter referred to as indicated and non-indicated C-
section, respectively). Women who delivered via C-section and also had any labor
complication or delivered a preterm (<37 weeks) baby were classified as having an indicated
C-section. Labor complications were listed on the birth certificate and included: use of
vacuum or forceps during delivery; fetal distress; dysfunctional labor; prolonged labor (>20
hours); precipitate labor (<3 hours); breech/malpresentation; cephalopelvic disproportion;
cord prolapsed, febrile (>100° F); excessive bleeding; seizures during labor; anesthetic
complications; and other labor complications. Women who delivered a term (=37 weeks)
baby via C-section without any labor complications were classified as having a non-
indicated C-section.

Stress and Obstetric Factors—The date of conception was derived using information
from the birth certificate on the length of gestation and date of birth of the index child.
Women were coded as having experienced a stressful life event prior to conception (PSLE)
if they indicated that one or more of the following events occurred prior to conception: (1)
death of the respondent’s mother; (2) death of the respondent’s father; (3) death of a
previous live born child; (4) divorce; (5) separation from partner; (6) death of a spouse; or
(7) fertility problems. Women were coded as having experienced a SLE in pregnancy if they
indicated that one or more of the following events occurred during their pregnancy: (1)
death of the respondent’s mother; (2) death of the respondent’s father; (3) divorce; (4)
separation from partner; or (5) death of a spouse.

Data from the birth certificate were used to determine if women had experienced any of the
following pregnancy complications: anemia; diabetes; (oligo) hydramnios; hypertension
during pregnancy; eclampsia; incompetent cervix; Rh sensitization; uterine bleeding;
premature rupture of membranes; placental abruption; or placenta previa. Prepregnancy
body mass index (BMI) was calculated from the respondent’s measured height and self-
report of weight prior to pregnancy (<18.5 [underweight]; between 18.5 and 24.9 [normal];
between 25 and 29.9 [overweight]; 30 or above [obese]; and unknown). In addition, we
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evaluated timing of initiation of prenatal care (in the first trimester; in the second or third
trimester; or did not receive prenatal care), whether the index child was a singleton or
multiple birth, number of prior live births (none; one; two or more), and if the current
delivery was induced or stimulated. Data from the birth certificate also identified women
who had chronic conditions (including: cardiac disease; lung disease; genital herpes;
hemoglobinopathy; chronic hypertension; renal disease; or other medical risk factors), and
women who had a prior live birth that was delivered via C-section.

Maternal Sociodemographic Factors—Maternal sociodemographic factors included:
age (15-19; 20-24; 25-29; 30-34; or 35 years of age or older); race/ethnicity (white [non-
Hispanic]; Black [non-Hispanic]; Asian/Pacific Islander [non-Hispanic]; other race [non-
Hispanic]; or Hispanic); marital status at the infant’s birth (married or living with partner;
separated, divorced or widowed; or never married); health insurance coverage during
pregnancy (no health insurance; any publicly funded insurance; or private health insurance
coverage only); U.S. region of residence (Northeast; Midwest; South; or West); urbanicity
(urban; suburban; or rural by Metropolitan Statistical Area [MSA] status); and
socioeconomic status (SES). SES was defined using a five-category composite index
(quintiles) generated by the NCES that incorporated the following household-level
socioeconomic factors: (1) father/male guardian’s education; (2) mother/female guardian’s
education; (3) father/male guardian’s occupation; (4) mother/female guardian’s occupation;
and (5) household income.

Statistical Analyses

Analyses were conducted using survey procedures from SAS version 9.2 (Cary, NC). The
standard errors were corrected due to clustering within strata and the primary sampling unit,
and applied survey weights were used to produce estimates that accounted for the complex
survey design, unequal probabilities of selection, and survey non-response. Summary
statistics were generated to describe the sample characteristics; chisquare tests were used to
determine significant differences in stress, obstetric, and maternal sociodemographic
characteristics by delivery method. Multivariable multinomial logistic regression models
were used to examine the impact of exposure to stress, obstetric, and maternal
sociodemographic factors on delivery method, adjusting for all factors simultaneously.

We also performed a series of sensitivity analyses to investigate: (1) the count of PSLESs as a
predictor of delivery method; and (2) the impact of exposure to stress, obstetric, and
sociodemographic factors on delivery method for women delivering their first child. For
these analyses, women were identified as first-time mothers if the birth certificate indicated
no live-births prior to the current pregnancy (N=3,700). Multinomial logistic regression was
used for both sensitivity analyses.

RESULTS

74.2% of women had a vaginal birth, 11.6% had a non-indicated C-section, and 14.2% had
an indicated C-Section (Table 1; Figure 1). Women who delivered via indicated or non-
indicated C-section were more likely to have experienced any PSLE than women who
delivered vaginally (25.0%, 26.1% and 17.7%, respectively; overall p-value <.0001);
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however, there were no differences in stressful life events during pregnancy by delivery
method. Compared with women delivering vaginally, women who had a non-indicated C-
section were more likely to have had a prior C-section, one or more prior live births, be
obese before pregnancy, or aged 35 or older. Women whose C-sections were indicated were
more likely to have any pregnancy complication, any chronic condition, given birth to
multiples, no prior live births, and were the least likely to live in the West compared to their
counterparts who delivered vaginally.

In adjusted analyses (Table 2), women had significantly higher odds of delivering via non-
indicated C-section if they had a prior C-section (Adjusted Odds Ratio [AOR]: 105.77, 95%
Confidence Interval [CI]: 75.15-148.86), were obese prior to pregnancy, delivered multiples,
or were age 20 or older. Women had significantly higher odds of delivering via indicated C-
section than delivering vaginally if they experienced any PSLE (AOR: 1.38, 95% CI:
1.11-1.71), experienced any pregnancy complication, had a chronic condition, had a prior C-
section, were obese prior to pregnancy, delivered multiples, were age 25 or older, or living
in the South. The adjusted odds of delivering via non-indicated and indicated C-section were
significantly lower when labor was induced or stimulated and for women with one or more
prior live births. Stressful life events during pregnancy, timing of initiation of prenatal care,
health insurance during pregnancy, maternal race/ethnicity, marital status, socioeconomic
status, and urbanicity were not associated with delivery method, adjusting for other factors.

Sensitivity Analyses

Each additional PSLE was associated with a 23% increase in the odds of delivering via non-
indicated C-section compared to delivering vaginally (AOR: 1.23, 95% CI: 1.04-1.47, data
not shown). When the analyses were restricted to women delivering their first child,
prepregnancy obesity, delivering multiples, and older age remained significant predictors of
both indicated and non-indicated C-sections. Among first-time mothers, experiencing any
pregnancy complication, having a chronic condition, or living in the South were associated
with significantly higher odds of delivering via indicated C-section; having labor induced or
stimulated or living in the Northeast was associated with significantly lower odds of
delivering via non-indicated C-section. Notably, the effect of PSLES on indicated C-section
was modified by maternal age such that women aged 20-34 were more vulnerable to the
effect of PSLEs, while younger (aged 15-19) and older (aged 35+) women experienced
buffering against the effect (data not shown).

DISCUSSION

In the U.S., there has been a steep increase in C-section deliveries over the last decade (1, 2).
However, little is known about the preconception and pregnancy-related determinants of
medically versus non-medically indicated C-section deliveries. Using a nationally-
representative sample of infants born in 2001, our study is the first, to our knowledge, to
take a lifecourse perspective to understanding risk factors of C-section deliveries.

We estimate that 25.8% of U.S. mothers delivered via C-section in 2001, 45.0% of which
were considered non-indicated by our criteria. Although some studies have found
geographic (1), physician and clinic characteristics (11) and incentives (12) to be more
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predictive of delivery method than maternal characteristics, we identified several important
maternal predictors of C-section, including prior C-section, obesity, delivery of multiples,
labor induction/stimulation, increasing age, and parity. Previous research using U.S. birth
certificate data from 1996-2006 found that C-section rates were highest for women who had
a previous C-section and were 35 years and older. Higher parity (1), prepregnancy obesity
(13), and antepartum depression (14) have also been associated with an increased risk for C-
section, though these studies have not differentiated between indicated and non-indicated C-
sections. The results of our study suggest that such a distinction between indicated and non-
indicated C-section is particularly important for understanding the psychosocial
determinants of C-sections.

In addition to sociodemographic predictors of C-sections, we identified PSLES as a salient
risk factor for indicated C-sections, despite the null association between PSLES and non-
indicated C-sections. In line with other studies that highlight the importance of
preconception stress on adverse obstetric outcomes (15-19), it is possible that the experience
of major life stressors prior to pregnancy may increase a woman’s biological vulnerability to
negative obstetric outcomes, which in turn may contribute to indications for medically
necessary C-sections. Moreover, prior research suggests that stress impacts obstetric
outcomes when environmental stimuli (e.g., PSLES) overwhelm an individual’s coping
resources (20) and leads to subsequent physiological and behavioral responses (21-23), such
as neuroendocrine and immune/inflammatory processes that are associated with pregnancy
complications, (24) labor complications (25), and poor birth outcomes (21, 23, 26). As
stressful life events during pregnancy were not related to delivery method, preventing
adverse indications of C-sections may require the adoption of a lifecourse perspective (9)
that emphasizes the relevance of the preconception period for influencing long-term health
and obstetric outcomes.

Importantly, the financial costs of C-sections are not trivial, with such deliveries costing
nearly $4,000 more than vaginal deliveries (6) and contributing to significant adverse health
outcomes for mothers and their children. Therefore, reducing the annual rate of C-section
delivery by ameliorating the effects of upstream predictors (such as PSLES) is important
from a financial standpoint, as well as a public health perspective. Assuming that a causal
relationship exists and that our point estimates are accurate, we estimate that mitigating the
effect of PSLEs on C-sections would have reduced the total number of C-sections among
women who experienced any PSLE by 27,240 in 2001, saving approximately $101 million
in C-section-related expenditures.1 Reducing C-section rates also stands to lower future
healthcare costs associated with additional adverse outcomes related to C-sections. Such
potential future risks may include a longer maternal hospital stay, increased risks of
respiratory problems for the infant, and complications in successive pregnancies (e.g.,
uterine rupture, placental implantation problems, and the need for hysterectomy) (27, 28).

1\We estimated the total number of C-sections attributable to PSLEs by differencing the average marginal effect of PSLEs on C-
sections under the assumption that all women with any PSLE became unexposed (note that this estimate amounts to 11% of all C-
sections among women exposed to any PSLEs, or 2.8% of all C-sections). We then multiplied this number by the difference in
allowed paid amount between vaginal and C-section delivery cited by Truven (6) ($3,691 per delivery) to obtain the total C-section-
related expenditures associated with these deliveries.
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Such cost savings could be used to provide needed mental health services to help women
cope with the immediate and long-term effects of PSLEs across the lifecourse.

Our study shows that the strongest predictor of any C-section was a prior C-section,
suggesting that many women are at an increased risk for such negative outcomes due to
avoidable repeat C-sections (28, 29). Particularly given the dramatic effect of having a prior
C-section on non-indicated C-sections, women, providers, and health systems have a clear
opportunity to lower the risk of non-optimal deliveries by adhering to ACOG
recommendations (30). In fact, ACOG recently stated that: “Cesarean delivery on maternal
request particularly is not recommended for women desiring several children, given that the
risks of placenta previa, placenta accreta, and gravid hysterectomy increase with each
cesarean delivery” (2013, p.1) (27). As such, providers should initiate discussions with
women about their reproductive plans (e.g., desiring several children) and about the risks
associated with repeat C-sections. Further, providers should continue this discussion with
pregnant women even after they have a C-section, as Vaginal Birth after Cesarean (VBAC)
is a viable option for many women. However, since 1996, the number of VBACs has
declined substantially (31) and may even be unavailable in some clinical settings despite
compelling evidence that a trial of labor after C-section is safe and successful for a majority
of women, and recommended by professional guidelines (32, 33). Clearly, the empirical
evidence and guidelines call for multilevel changes, including shared decision-making, a
reexamination of provider incentives, and changes to hospital policy in order to promote the
use of VBAC when appropriate.

Several potential limitations should be considered when interpreting our results. First,
children who died before nine months of age were not included in the sampling frame of the
ECLS-B. Second, data from the first wave of the ECLS-B (collected approximately nine-
months postpartum) may be subject to recall bias. Third, data collected from the birth
certificate may under or incorrectly report some information (e.g., labor complications),
leading to misclassification (34). We also could not examine indications for C-section
deliveries other than those indicated on the birth certificate. Further inquiry into factors
leading to non-indicated C-section deliveries, including those associated with maternal
request, hospital policy or pelvic preservation, is needed to further understand the degree to
which C-sections are preventable. Finally, although consistent with a lifecourse perspective,
the null relationship for C-section and stressful life events during pregnancy may have been
due to the limited number of events that were evaluated and their low incidence given the
relatively short time frame of pregnancy.

However, this study also has important strengths. To our knowledge, our study provides the
most comprehensive evaluation of multiple maternal predictors of delivery method,
separating indicated and non-indicated C-section, while utilizing a large, nationally
representative, population-based cohort of newborns in the U.S. in 2001. The robust set of
maternal predictors and population-based sample supports several important clinical and
public health implications. First, our findings suggest that screening women for PSLEs and
offering targeted interventions, including interventions that provide women with resources
(e.g., mental healthcare) to cope with PSLEs (35), may be instrumental for lowering the risk
of having an indicated C-section. Second, as our study provides further evidence that a prior
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C-section is the strongest predictor of a non-indicated C-section, greater awareness is needed
among women and their healthcare providers about the deleterious risks associated with
repeat C-sections in order to promote discussion and use of alternative options (e.g., VBAC)
when safe and available. Finally, despite the short- and long-term risk and financial costs
associated with C-sections, rates in the U.S. remain high; reducing the number of C-sections,
both indicated and non-indicated, will likely require a coordinated effort to inform patients
and providers about the upstream stress and obstetric factors that contribute to the odds of
such surgery.

Conclusions

Surgical deliveries continue to occur at a high rate in the United States despite evidence that
they increase medical spending, morbidity, and mortality among women and their children.
Our population-based study adopted a lifecourse approach to provide a comprehensive
assessment of multiple psychosocial and demographic determinants of medically indicated
and non-medically indicated C-sections among U.S. women. We found salient differences
between the risk factors for indicated and non-indicated C-sections. Our findings suggest
that in order to improve the short- and long-term health of women and children and decrease
unnecessary medical spending, multilevel and multifaceted changes may be needed to
address the risk factors for both indicated and non-indicated C-sections. To reduce non-
medically indicated C-section, it may be necessary to promote shared decision-making,
educate patients and providers about best practice guidelines, and reexamine provider
incentives and hospital policy. To reduce medically indicated C-section, clinical,
programmatic, and policy interventions may need to address determinants of health prior to
conception, including addressing the negative health consequences of stressful life events.
Such multilevel, multifaceted interventions may improve delivery outcomes for, and the
health trajectories of, women and their children.
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Preconception
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(p<0.01)
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Caesarean
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Any
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B Vaginal Delivery
[7] Non-Indicated C-Section
B Indicated C-Section

20% 40% 60% 80% 100%

Figure 1. Distribution of Delivery Methodsin the United States, 2001 Early Childhood
Longitudinal Study-Birth Cohort (ECLS-B)
Weighted frequency distributions were used to examine the distribution of delivery methods

for the full sample (pie chart) and by preconception stressful life events and prior Caesarean
section (C-section) delivery (stacked bar chart). Sections shaded with dark blue represent the
distribution of vaginal deliveries (74.2% overall), while green and purple represent the
distribution of non-indicated and indicated C-sections, respectively. Survey weights were
used to produce estimates that accounted for the complex survey design, unequal
probabilities of selection, and survey non-response.
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