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Review of Literature
Over the last two decades, the national and global rate of cesarean delivery has risen significantly.

In the United States alone, the national cesarean rate has risen by more than 50% from 1996 to 2011
(Hamilton et al., 2012). The World Health Organization (WHO) has defined an appropriate cesarean rate
as roughly 15% of all births (Billard, 2011). However, very few industrialized nations have acceptable
rates. According to a 2008 study conducted by Yoshiko Niino, the Netherlands, Iceland, and Finland, had
national cesarean rates of 13.9%, 16.1%, and 16.5%, respectively. On the other side of the spectrum,
Mexico was documented as having a cesarean rate as high as 46.9% from 2006 to 2012 (Heredia-Pi et al.
2012). Similarly, the United States is on the higher end of the spectrum: the rate in 2014 was 32.2%
(Martin et al., 2015).

This global phenomenon has raised questions about modern medical practices and normative
behavior among women. The use of cesarean section as an alternative for vaginal birth has improved the
health and safety of mothers and offspring in emergency conditions. A case in which the mother
experiences, for example, obstructed labor, major antepartum hemorrhaging, fetal mal-presentation, or a
uterine rupture, is deemed a high-risk pregnancy and often necessitates the use of an alternate mode of
delivery than vaginal delivery (Gibbons et al., 2012). When cesareans are administered in low-risk cases,

the short and long term effects for both mother and neonate can be significant (Towner et al., 1999).

Recent studies in Obstetrics and Gynecology have shown that the outcomes of cesarean and vaginal
deliveries may not be comparable. Children delivered by cesarean section have higher occurrences of
suppressed immune activity, asthma, juvenile arthritis, inflammatory bowel disease, leukemia, systemic
connective tissue disorders, and immune other deficiencies (Sevelsted et al., 2015); some of these
conditions may arise from risk factors in the fetus that lead to the cesarean delivery. This data also
suggests that the process of vaginal delivery exposes the fetus to maternal bacteria that play a critical role
in initiating the development of the fetus’ immune system (Levy (2007), Round et al., 2009). During the
natural birthing process, the fetus is slowly pushed through the cervix and out of the vagina. As a result,
the fetus is exposed to maternal bacteria that initiate fetal immune responses and the colonization of the
fecal flora (Koenig et al., 2010). While 6 months after birth, vaginally delivered infants had a 76%
colonization rate of fecal flora, infants delivered by cesarean averaged a 36% colonization rate. The
primary gut flora of infants born by cesarean was significantly reduced, posing potential long-term
immune system complications (Grélund, 1999). For cesarean-born neonates their first bacterial exposure

is sourced from the operation room, not the mother.

Researchers have proposed swabbing cesarean deliveries babies with samples of maternal bacteria,

collected from the vagina. Though these children had increased microbial activity compared to those



delivered by cesarean who were not swabbed, the overall result was still inferior to vaginal birth
(Blakelee, 2016). In a study conducted by Darmasseelane et al., in 2014, researchers analyzed decreased
microbial gut colonization and activity in neonates post cesarean as compared to neonates delivered
vaginally. As observed in a mouse model, the microbiota impacts the efficiency of energy harvesting, and
may, coupled with lifestyle and other genetic factors, contribute to the development of increased BMI, or
obesity (Turnbaugh et al., 2006). This conclusion was further supported by the work of Huh et al., which
documented rates of obesity in a cohort of 284 three year-olds delivered both by vaginal and cesarean
deliveries (2016). The results from Huh et al.’s research showed that 15.7% of the children delivered by
cesarean were obese, compared to a rate of 7.5% of obesity in vaginally delivered children (Huh, S. Y. et
al., 2012). Collectively, this research suggests that cesarean delivery is not a comparable mode of

delivery.

Numerous maternal complications arising from cesarean section have also been documented.
Studies demonstrate a negative association with cesarean delivery in subsequent pregnancies (Prior et al.,
2012). Women are susceptible to uterine rupture during a trial of labor after a cesarean birth (TOLAC),
and therefore, the number of women electing TOLAC was as few as 20% in 2012 (Caughey, 2015). In a
study based on a cohort of 30,132 women, all of whom had undergone cesarean deliveries within the
years 1999 to 2002, results showed an increasing prevalence of cystotomy (surgical incisions into the
urinary bladder), bowel and ureteral injury, placenta accreta (placenta remains attached to the uterus after
delivery) and ileus (obstruction of part of the intestine or ileum), postoperative ventilation, hysterectomy,
and duration of operative and postoperative hospital visits in relation to increasing number of cesarean
deliveries (Silver et al., 2006). Such effects suggest that cesarean deliveries pose increased health risks to

the mother as well as the child.

Despite medical data demonstrating the negative outcomes of cesarean birth, the practice remains
widespread, even in cases that do not require medical intervention (MacDorman et al., 2008). An analysis
of data conducted by Osterman et al. (2014) focused on the use of cesarean delivery in low-risk
pregnancies. Low-risk pregnancy was defined as full term, singleton, vertex (head first) presentation. In
2013, roughly one third of pregnancies in the U.S. were classified as low-risk, although 26.9% of these

low-risk pregnancies ended in cesarean delivery (Osterman et al., 2014).

Factors contributing to the inflated national cesarean rate have become the focus of new research.
Within the U.S. and globally, scientists have analyzed the impact of factors including maternal age (Ecker
et al., (2001), Heffner, (2003), Gilbert, 1999), BMI (Vahratian et al., 2005), ethnicity and race (Edmonds
et al. (2013), Kabir et al., (2005), Leeman et al. (2003), Anderson et al., 2013), location of hospitalization
(Coonrod et al., 2008), socioeconomic status (Lindquist et al., 2014), and nativity (Janevic et al., 2013) on



the risk of cesarean delivery. The results of these studies support the assertion that cesarean rates are
inflated. However, research has yet to be conducted indicating which maternal characteristics increase the
use of cesarean delivery in low-risk pregnancies. In other words, women who underwent cesarean
deliveries without clear medical necessity at the start of labor have contributed to the dramatic increase in
cesarean rates over the past two decades. Common maternal characteristics between these women may be
used to help medical professionals reduce the incidence of necessitated caesarean delivery, and thus,
reduce the national caesarean rate. This study sampled for variables indicating maternal demographics

and socioeconomic status to discern its relationship to cesarean section among low-risk women.

I.A.Objectives of Research
Al. The major objective of this research was to use data from New York State branch of
the Pregnancy Risk Assessment Monitoring System (PRAMS) evaluate whether maternal
socioeconomic status is a factor in determining mode of delivery among low-risk

women.

A2. Determine if low-risk women are likely to have a cesarean section based on specific
traits.

I.B.Research Question
B1. Is cesarean delivery correlated with demographic and socioeconomic

characteristics among low risk women in New York State?

I.C.Hypothesis
Ho: There is no correlation between incidence of cesarean delivery and maternal

characteristics.

*This study used a null hypothesis as the basis for research so as to allow for a two-tailed test of the data.

Participants and Methods
I1LA. Ethical Approval
This study did not involve direct contact with participants, as all data was collected by an

outside research group: NY PRAMS. No approval from the ethics board was required to complete



this study. Participants submitted data directly to the CDC. All participant data remained

anonymous throughout this study. IRB was formalized, see Application Process below.

I1.B. Data Source Overview

Data was sourced from the Center for Disease Control’s pregnancy risk assessment
monitoring system for New York State, NY PRAMS. Patients from all regions of New York State
were included in the data set, except for patients residing in New York City. The data was based
on a probability sampling method that used birth certificates for residents of NY State. The
subjects answered the Phase 7 NY PRAMS questionnaire in the year 2013. The mothers were
contacted two to four months’ post-partum, and asked to submit a completed PRAMS
questionnaire. Incentives were provided by the state for completing the questionnaire: a $10 CVS
gift card for mothers who mailed their responses in, and a $20 CVS gift card for mothers who
responded to the questions directly over the phone (Pregnancy Risk Assessment Monitoring
System, 2016). The responses from the 2013 questionnaire are currently not available to the
public on the NY PRAMS website. This data was supplied directly by the NY PRAMS board,
following an extensive application process. Information was collected on a per mother basis. The

women completed a series of questions, 83 in all, developed and approved by a board at the CDC.

B1. Researchers Involved

The course of this research was conducted by Ava Goldwyn in collaboration with
a Principal Investigator (PI), Donna M. Strobino, Ph.D. Data was accessed from NY
PRAMS via Anne Radigan, the NY PRAMS coordinator at the New York State
Department of Health Public Health Information Group. The dataset was prepared for

analysis by Mark R. Emerson, BS at the Bloomberg School of Public Health.

B2. Application Process

The application for NY PRAMS data was overseen by Anne Radigan. Following
the submission of the required application forms, access to NY PRAMS data was granted
for use in this study by the board. Specific variables were requested for use in this study
from NY PRAMS and followed by a variable ID from the official NY PRAMS phase 7
codebook, as provided by Anne Radigan.



Table 1A.

VARIABLES INCLUDED IN ANALYSIS

Variable Label Variable ID
Mode of delivery Del Vag
Planned Cesarean Section CES_PLAN_RAW
Plurality plural
Maternal Height mom_feet_group
Maternal Age Momage4
Maternal Race raceth
Macrosomia macrosomia
Start of Prenatal Care 1% term startPNC_1trm
Insurance Pattern insureH|I
Maternal Education Level momed
Child Birth Classes to Prepare for Birth PGS_BIRT
Marital Status married

I1.C. Population and Sample
Women included in this study gave birth in the year 2013 in New York State. The final
data set used in this study included 1,671 participants.

C1. Exclusion Criteria

Mothers included in this study were isolated from the larger sample provided by
NY PRAMS based on low-risk criteria. Women who started labor and delivery as low-
risk were classified by a singleton birth at term. Women were not excluded if there was

an emergency following the start of labor.




11.D.

Statistical Analysis
D1. Statistical Package and Functions

Data from the Phase 7 Questionnaire was configured as an SAS dataset. Using
the resources at the Bloomberg School of Public Health, the dataset was converted into
an Excel file for chi squared analysis. Data was sorted into two-tailed charts based on the

mode of delivery and maternal responses to the question.

D2. Variables

The controlled variables were that all women had low-risk pregnancies in the
year 2013 and gave birth in New York State. The dependent variable was the mode of
delivery. The independent variables were the responses to the selected questions by the
participants sampled by NY PRAMS. Specifically, the independent variables reflected

maternal demographics and socioeconomic status.

D3. Measures to Adjust for Confounders

NY PRAMS performed the initial adjustment for dataset confounders by
randomly selecting mothers in NY State for sampling. Women from different regions of
New York State were sampled to ensure a variety of settings and conditions.
Additionally, low birth weight deliveries were sampled at a higher rate so as to accurately
represent the population in New York State. The exclusion of high-risk pregnancies

eliminated some external risk factors that are associated with cesarean births.

D4. Statistical Tests

Using a two-dimensional cross-tabulation of the data, Chi-squared tests were
performed, in accordance with the use of a null hypothesis. The measure of statistical

significance was a p-value < 0.05 or 5%.



Results

I11.A. Socioeconomic Variables and Mode of Delivery

Table 1B.
MODE OF DELIVERY
Variables CD VD Total
Marital status Marital Status
Not Count 138 448 586
Married % within MODE
OF DELIVERY 40.59% 33.66% 35.07%
Married  Count 202 883 1085
% within MODE
OF DELIVERY 59.41% 66.34% 64.93%
Total Count 340 1331 1671
% within MODE
OF DELIVERY 100% 100% 100%

The chi-square statistic is 5.7107.

The p-value is .016862.

The result is significant at p < 0.05




I11.B. Demographic Variables and Mode of Delivery

Table 1C.
MATERNAL AGE
Variables CD VD Total
Marital status Marital Status

*G1 Count 149 652 801

% within

MATERNAL

AGE 43.82% 48.99% 47.94%
*G2 Count 30 155 185

% within

MATERNAL

AGE 8.82% 11.64% 11.07%
*G3 Count 114 398 512

% within

MATERNAL

AGE 33.54% 29.90% 30.64%
*G4 Count a7 126 173

% within

MATERNAL

AGE 13.82% 9.47% 10.35%
Total Count 340 1331 1671

% within

MATERNAL

AGE 100% 100% 100%

*G1< 20yrs; G2 20-24yrs; G3 25-34yrs; G4 35+ yrs

The chi-square statistic is 9.5819. The p-value is .022476. The result is significant at p < 0.05
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I11.C. Significant Variables

Table 1B accounts for the martial status of the participants in this study. This was the
only socioeconomic variable with significant data in relation to mode of delivery. Women in this
study who were not married were more likely to have CD over VD. In relation to maternal
socioeconomic status, unmarried women are less likely to be in higher income brackets or have

accesses to the same amount of support throughout the pregnancy.

Table 1C shows the relationship between mode of delivery and maternal age. The
participants were broken in to four groups, with the majority of participants comprising Group 1.
The dataset reflects a mostly young population. Of the participants that underwent CD, 43.82%
were less than 20 years of age.

V. Discussion

This design of this study differed from prior works, in that the data was collected from New Y ork
State, the cohort exclusively featured low-risk pregnancies, and the focus on demographic and
socioeconomic factors influencing mode of delivery included a wider array of maternal characteristics
than previously examined. The statistical analyses expanded upon the earlier works that focused more
selectively on race (Edmonds et al. (2013)), ethnicity Kabir et al., (2005), maternal age (Ecker et al.,
(2001), Heffner, (2003), Gilbert, 1999), and nativity (Janevic et al., 2013).

The results of this study found that cesarean delivery was not associated with the variables: Start
of Prenatal Care 1 term, Maternal Height, Large for Gestational Age, Insurance Pattern, Maternal
Education Level, Childbirth Classes to Prepare for Birth, Planned Cesarean Delivery, Macrosomia, and
Maternal Race. However, the variables Marital Status and Maternal Age were significant in relation to
CD. The p-values were 0.016862 and 0.022476, respectively. Such results indicate a connection between
lower socioeconomic status and cesarean section. Specifically, unmarried women and women under the
age of 20 are less likely to be as financially secure or have the same access to familial resources as

women in other age groups or married women.

Prior studies have concluded that women of advancing maternal age are likely to undergo a
cesarean delivery, as noted by Ecker JL et al. in 2001 and Heffner LJ et al. in 2003. This study expands
the base of knowledge, with respect to populations with increased cesarean rates, to include women of
less than 20 years of age. The difference may be traceable to the selectivity of this study, in that only low-

risk (singleton, term, and primary cesarean) participants were included in analysis. The participants of this

11



study who underwent a cesarean delivery are the primary population contributing to the inflated state and
national cesarean rate. According to Barber et al. in 2011, 50% of the increase in the national CD rate
from 2003 to 2009 is traceable to an increase in primary cesareans. Moreover, marital status has not been
examined specifically in relation to cesarean delivery, nor unmarried women identified as a group
correlated to this type of delivery. The significance recorded here demonstrates that among low-risk
women in New York State, who underwent primary CD, were correlated to a marital status of ‘not

married’ and a maternal age of <20 years.

V. Limitations

It is important to note the high frequency of women in the lowest age group of this data set. The
exclusion criteria, used to focus the analysis on women who entered labor at low-risk, might have
contributed to the difference between the size of Group 1 and the other three. The two variables may
influence each other as fewer women under 20 years of age are married than those in other age groups. In

this regard, the two variables shown to be significant in this study, are themselves closely correlated.

VI. Further Research

This research contributes to the larger work being perused by the CDC to decrease the national
cesarean rate. New programs are already in development to address the causes of the over use of cesarean
deliveries in the US. The results identify two variables, maternal marital status and age, that need to be
addressed by these programs as contributors to the inflated rate. The next step in affirming the
correlations identified in this study is to preform multivariate analysis tests, therein, determining the level
to which each significant maternal characteristic affects CD in New York State. These and future results
are pertinent to women who are planning to become pregnant in New York State, as this data can be used
to educate women on their risk of cesarean delivery, even prior to conception. Similar studies should, be

performed in other states for the purpose of promoting maternal-infant wellbeing.
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