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Abstract

OBJECTIVE: To assess variations in low-risk cesarean delivery rates in the United States using
the Society for Maternal-Fetal Medicine (SMFM) definition of low-risk for cesarean delivery and
to identify factors associated with low-risk cesarean deliveries.

METHODS: From hospital discharge data in the 2018 National Inpatient Sample and State
Inpatient Databases, we identified deliveries that were low-risk for cesarean delivery using the
SMFM definition based on the International Classification of Diseases, Tenth Revision, Clinical
Modification codes. We estimated national low-risk cesarean delivery rates overall and by patient
characteristics, clinically relevant conditions not included in the SMFM definition, and hospital
characteristics based on the nationally representative sample of hospital discharges in the National
Inpatient Sample. Multivariate logistic regressions were estimated for the national sample to
identify factors associated with low-risk cesarean delivery. We reported low-risk cesarean delivery
rates for 27 states and the District of Columbia based on the annual state data that represented the
universe of hospital discharges from participating states in the State Inpatient Databases.

RESULTS: Of an estimated 3,634,724 deliveries in the 2018 National Inpatient Sample,
2,484,874 low-risk deliveries met inclusion criteria. The national low-risk cesarean delivery rate
in 2018 was 14.6% (95% CIl 14.4-14.8%). The rates varied widely by state (range 8.9-18.6%).
Nationally, maternal age older than 40 years, non-Hispanic Black or Asian race, private insurance
as primary payer, admission on weekday, obesity, diabetes, or hypertension, large metropolitan
residence, and hospitals of the South census region were associated with low-risk cesarean
delivery.

Corresponding author: Lijing Ouyang, PhD, Division of Reproductive Health, National Center for Chronic Disease Prevention and
Health Promotion, Centers for Disease Control and Prevention, Atlanta, GA; eop9@cdc.gov.

Financial Disclosure

The authors did not report any potential conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ouyang et al. Page 2

CONCLUSION: Approximately one in seven low-risk deliveries was by cesarean in 2018 in the
United States using the SMFM definition and the low-risk cesarean delivery rates varied widely by
state.

Cesarean delivery is a life-saving surgery for specific complications during pregnancy and
child-birth. However, it is associated with increased risk of maternal morbidity and mortality
and adverse outcomes in subsequent pregnancy and may also have negative effects on

infant and child health.1 The United States has one of the highest cesarean delivery rates

in the world? and efforts have been made to reduce low-risk cesarean deliveries. The
American College of Obstetricians and Gynecologists and the Society for Maternal-Fetal
Medicine (SMFM) jointly issued Obstetric Care Consensus on safe prevention of primary
cesarean delivery.3 The nulliparous term singleton vertex cesarean delivery rate is commonly
evaluated using birth certificate data.* Reducing the nulliparous term singleton vertex
cesarean delivery rate is one of the Healthy People 2030 goals, a focus area of the Centers
for Medicare & Medicaid Services’ Maternal and Infant Health Initiative, and a National
Quality Forum perinatal care measure.>’

The nulliparous term singleton vertex cesarean delivery definition does not account for
clinical indications for cesarean delivery. In 2015 the SMFM developed an alternative
low-risk for cesarean delivery definition based on International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes. The SMFM definition
sought to refine low risk for cesarean delivery using clinical guidance or clinical expertise if
no practice guideline was available.8 In 2017, the SMFM definition was updated using the
International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)
codes, which provided important enhancements to the specificity of clinical coding.8 The
SMFM definition includes all term, singleton, vertex, live birth deliveries and excludes
women with prior cesarean deliveries. It excludes high-risk diagnoses for cesarean delivery
that are absolute or relative contradictions to vaginal birth, such as placenta previa while
retaining discretionary risk factors for cesarean delivery, such as labor disorders (Appendix
1, available online at http://links.lww.com/AOG/C542). The SMFM definition can be
applied to administrative claims data; thus, it can potentially support surveillance, quality
measurement, and research using such data.

The purpose of this study was to assess the SMFM low-risk cesarean delivery rates
nationally and by state in the United States. We also estimated the associations between
low-risk cesarean delivery and patient characteristics, clinically relevant conditions not
included in the SMFM definition, and hospital characteristics.

METHODS

We used the 2018 National Inpatient Sample and State Inpatient Databases from the
Healthcare Cost and Utilization Project.%-10 The National Inpatient Sample contains a 20%
nationally representative sample of all-payer hospital discharges among community, non-
rehabilitation hospitals. The 2018 National Inpatient Sample sampling frame includes data
from 47 States plus the District of Columbia, covering more than 97% of the U.S. population
and including almost 96% of discharges from U.S. community hospitals as defined by the
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American Hospital Association. The National Inpatient Sample is sampled from the State
Inpatient Databases, which contain the universe of the annual inpatient discharges from
participating states in the Healthcare Cost and Utilization Project.10 The State Inpatient
Databases use a uniform format to facilitate multistate comparisons. We used the 2018 State
Inpatient Databases available at Centers for Disease Control and Prevention to describe state
variations in low-risk cesarean delivery rates, which included a total of 27 states and the
District of Columbia.

We identified delivery hospitalizations and cesarean deliveries based on a validated
method!® and identified low-risk deliveries based on the SMFM definition.8 The SMFM
low-risk cesarean delivery rate was calculated as the proportion of cesarean deliveries
among low-risk deliveries.

Multiple patient and hospital characteristics were assessed (Table 1). We included race and
ethnicity in our study because disparities in cesarean delivery rate by race and ethnicity
have been noted in the literature.12.13 We used the definitions of these variables provided by
the Healthcare Cost and Utilization Project,# except the following: for primary payer, we
combined categories other than Medicare, Medicaid, private insurance, self-pay, or missing
into one category—*"other.” This category included no charge, Worker’s Compensation,
CHAMPUS, CHAMPVA, Title V, or other government programs. For patient residence, we
combined large central metropolitan and large fringe metropolitan into large metropolitan
area.

Maternal obesity, diabetes, and hypertensive disorders were strongly associated with
increased cesarean delivery rates, yet they were not included in the SMFM definition.15-20
We included these conditions as clinically relevant conditions. We converted the diagnosis
codes based on the ICD-9-CM codes in a previous study?! to ICD-10-CM codes using
general equivalence mappings by the Centers for Medicare & Medicaid Services.?2 The
diagnosis codes used to identify maternal obesity, diabetes, and hypertensive disorders are
listed in Appendix 2, available online at http://links.lww.com/AOG/C542.

For both national and state analysis, deliveries were excluded from the analysis if they
were transferred from a different acute care hospital to avoid duplication. Deliveries

were also excluded if age at delivery was less than 12 years or greater than 55 years

or missing. For national analysis, we included missing categories for race and ethnicity,
primary payer, median household income, or patient residence to use potentially valuable
information contained in the nonmissing data of the observations with these missing values.
Multivariable logistic regression was estimated to identify patient characteristics, clinically
relevant conditions, hospital characteristics that were associated with low-risk cesarean
deliveries using the national sample. The adjusted odds ratios and 95% Cls were based on
survey procedures in SAS 9.4 that account for the complex survey design of the National
Inpatient Sample data.

This study does not require Institutional Review Board review given analyses of deidentified
data are considered research not involving human subjects.
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RESULTS

Among the weighted 3,634,724 delivery hospitalizations in the 2018 National Inpatient
Sample, we identified 2,494,994 deliveries that were low risk for cesarean delivery based on
the SMFM definition. We excluded 9,965 delivery hospitalizations (0.40%) that transferred
in from a different acute care hospital or age less than 12 years or greater than 55 years,

and another 155 deliveries with missing age. The final national analytic sample consisted

of 2,484,874 low-risk deliveries, among which 363,590 were cesarean deliveries (Fig. 1).
For state analysis, a total of 1,008,487 deliveries were low risk for cesarean delivery and we
excluded 4,734 delivery hospitalizations (0.47%) that transferred and 28 deliveries with age
at delivery less than 12 years or greater than 55 years or missing. The final state analysis was
based on 1,003,725 deliveries that were low risk for cesarean delivery.

In 2018, the national low-risk cesarean delivery rate was 14.6% (95% CI 14.4-14.8%)
(Table 1). The highest low-risk cesarean delivery rates were seen in those who were 40-55
years old, were non-Hispanic Black, were primarily insured by Medicare, and who were
admitted on weekdays. Those with documented obesity, diabetes or hypertension also had
higher low-risk cesarean delivery rates.

In adjusted models, compared with non-Hispanic White women, non-Hispanic Black
women, Asian and Pacific Islander women, and Other race and ethnicity had higher odds

of low-risk cesarean delivery (Table 2). Those who were 40-55 years old had higher odds

of low-risk cesarean delivery compared with those were 20-29 years old. Compared with
deliveries with Medicaid as primary payer, deliveries with private insurance as primary
payer had higher odds of low-risk cesarean delivery. Deliveries with Medicare as primary
payer also had higher odds of low-risk cesarean delivery. Compared with admission on
weekend, admission on weekdays had higher odds of low-risk cesarean delivery (Table 2).
Women with obesity, diabetes, or hypertension had higher odds of low-risk cesarean delivery
compared with those without these conditions.

Geographic variation in low-risk cesarean delivery were observed. Compared with hospitals
in the South, lower odds of low-risk cesarean delivery were observed in hospitals of the
Midwest and the West (Table 2). Compared with residence in large metropolitan areas,
patients who resided in less urban areas had slightly lower odds of low-risk cesarean
delivery (Table 2). Using 2018 State Inpatient Databases, notable variations by state exist,
with low-risk cesarean delivery rates ranging from 8.9% in South Dakota to 18.6% in
Florida (Table 3).

DISCUSSION

This study demonstrated significant differences in SMFM low-risk cesarean delivery rates
by patient age, race and ethnicity, primary payer, admission on weekend, urbanicity, and
hospital census region. The SMFM low-risk cesarean delivery rates also varied by state.
Even after accounting for clinical indications for cesarean delivery by SMFM definition, we
found that diagnoses of diabetes, obesity, or hypertension were significantly associated with
higher odds of low-risk cesarean delivery.
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Our study provided a recent estimate of low-risk cesarean delivery rates at the national and
state level using an updated SMFM definition based on ICD-10-CM codes. Previous study
reported median hospital-level SMFM low-risk cesarean delivery rate of 16.5% in 2013.21
Our national SMFM low-risk cesarean rate of 14.6% in 2018 was lower than the 2018
national nulliparous term singleton vertex cesarean delivery rate of 25.9% based on birth
certificate data from the National Center for Health Statistics.# This was expected because
the SMFM definition excluded more high-risk deliveries based on clinical indications.
This difference was also noted in another study that showed the average nulliparous

term singleton vertex and SMFM low-risk cesarean birth rates were 25.6% and 13.0%,
respectively, based on 275 hospitals from six states for the nulliparous term singleton vertex
definition and 81 hospitals from four states for the SMFM ICD-9-CM codes definition in
2015.%3

Our results that non-Hispanic Black mothers had higher odds of low-risk cesarean

delivery than non-Hispanic White mothers were consistent with previous studies.12:13.24-27
Racial disparities persist even after accounting for medical indications, education, income,
insurance type, and regional practice differences.12:24.28 potential reasons for this disparity
include health care professional practices, facility level practices, communication between
patient and health care professional, patient preferences, and racial or ethnic discrimination.
Additional research to identify reasons for the observed race and ethnic disparities and
strategies to reduce them are needed to inform equitable maternal care.

Private insured deliveries had a higher odds of low-risk cesarean delivery as compared with
Medicaid insured deliveries even after adjusting for patient and hospital characteristics.
The findings were consistent with a previous study showing that births covered by
Medicaid had lower odds of cesarean delivery compared with privately insured births using
National Inpatient Sample data from 2002 to 2009.29 State Medicaid program may use
strategies to reduce non—medically indicated cesarean delivery including payment tools,
quality measurement and stakeholder engagement.30 The higher rate of low-risk cesarean
delivery among individuals with Medicare insurance may reflect the patient characteristics
of reproductive-aged adults covered by Medicare, such as disability-related eligibility for
chronic conditions.3! Individuals with Medicare insurance may have a higher prevalence
of both physical and mental health conditions that may be discretionary risk factors for
cesarean delivery but did not meet the criteria of clinically relevant risk factors that are
absolute or relative contraindications to vaginal delivery by the SMFM definition.8

Our results demonstrated variations in low-risk cesarean delivery rates by state, similar to
other studies.29:32:33 These variations may indicate opportunities for quality-improvement
initiatives to reduce the rate of low-risk cesarean delivery.3* States may use data sources
available to them to assess low-risk cesarean delivery in their quality-improvement efforts,
such as birth certificate, hospital discharge data, linked birth certificate and hospital
discharge data, or Medicaid claims data, which provide a fuller set of factors for evaluation.
Choice of data sources may be influenced by factors such as timeliness of data and ability to
evaluate practices that are implemented to drive change. Of note, the distribution of patient
characteristics such as maternal age, race and ethnicity, and comorbidities may influence
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state to state comparisons. Comparison by facility may unfairly disadvantage practices or
centers that manage high-risk cases with diagnoses excluded by the SMFM definition.8

Additional clinical factors beyond those included in the SMFM definition, such as
diabetes, obesity, and hypertension, were associated with higher odds of low-risk cesarean
delivery. This was consistent with similar findings among nulliparous term singleton vertex
deliveries.18:35 Recent clinical guidance by the American College of Obstetricians and
Gynecologists in 2019 and 2020 for the care of women with hypertensive disorders in
pregnancy indicates the potential need for early delivery, which may occur by cesarean
delivery.20:36.37 Diabetes is associated with macrosomia resulting in increased rate of
cesarean delivery.38 Although obesity is not an independent indication for cesarean
delivery, research has shown obesity is associated with pregnancy complications and
increased rates of cesarean delivery.3940 Weight-related stigma can influence the quality
of care.# Similar to our findings, previous research found that cesarean delivery was

more common on weekdays than weekends, which might reflect prescheduling of cesarean
delivery and inductions of labor.4243 Recent research indicated a lower rate of cesarean
delivery associated with induction compared with expectant management.*3 These findings
highlight the need of collaborative approaches to reduce low-risk cesarean delivery,
including equitable implementation of clinical guidance to support the management and
treatment of chronic and pregnancy-induced conditions, supportive delivery care for
women, and health system incentives to enhance quality of care in an equitable way.34

In addition, improvements to maternal health broadly, including in the preconception and
interconception period, is an important strategy to reduce low-risk cesarean delivery.4445

This study had several limitations. First, The SMFM definition relies on the accuracy of
coding and coding practices may vary by state and facility. Second, we did not distinguish
between nulliparous and multiparous deliveries to refine low-risk deliveries except for the
fact that the SMFM definition excluded women with prior cesarean deliveries. Third, the
SMFM definition does not include all clinical information that inform decision for cesarean
delivery, such as fetal weight at the time of delivery.*8 Finally, the data source does not
have information on specific geographic location at the county, ZIP code, or census tract
level or other potential factors associated with low-risk cesarean delivery, such as health
care professional type (eg, midwife, physician), labor support and management (eg, doulas),
and patient preferences.3* Despite these limitations, this study presented national and state
estimates of the U.S. SMFM low-risk cesarean delivery rates. The strengths include a
nationally representative sample of hospital delivery discharges and state inpatient data
that represented the universe of hospital delivery discharges from participating states. The
SMFM definition includes additional clinical indications for cesarean delivery beyond the
nulliparous term singleton vertex measure. Furthermore, we assessed simultaneously the
associations of patient characteristics, hospital characteristics, and select clinically relevant
conditions with low-risk cesarean delivery.

In summary, approximately one in seven low-risk deliveries was by cesarean delivery in
2018 in the United States using the SMFM definition. Nationally, maternal age older than
40 years, non-Hispanic Black or Asian race, private insurance as primary payer, admission
on weekday, clinically relevant conditions including obesity, diabetes, or hypertension, large
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metropolitan residence and hospital census region of the South were associated with low-
risk cesarean delivery. The low-risk cesarean delivery rates varied widely by state. Factors
associated with low-risk cesarean deliveries can potentially inform quality-improvement
efforts to reduce low-risk cesarean delivery and to improve equitable care.
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