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Abstract 

Background:  Previous studies suggest higher rates of caesarean section among women who identify as racial/ethnic 
minorities. The objective of this study was to understand factors contributing to differences in caesarean rates across 
racial and ethnic groups.

Methods:  Data was collected from 2005 to 2014 Nebraska birth records on nulliparous, singleton births occur‑
ring on or after 37 weeks gestation (n = 87,908). Risk ratios (RR) and 95% confidence intervals (CI) for caesarean were 
calculated for different racial and ethnic categories, adjusting for maternal age, marital status, county of residence, 
education, insurance status, pre-pregnancy BMI, and smoking status. Fairlie decomposition technique was utilized to 
quantify the contribution of individual variables to the observed differences in caesarean.

Results:  In the adjusted analysis, relative to non-Hispanic (NH) White race, both Asian-NH (RR 1.21, 95% CI 1.14, 
1.28) and Black-NH races (RR 1.13, 95% CI 1.08, 1.19) were associated with a significantly higher risk for caesarean. The 
decomposition analysis showed that among the variables assessed, maternal age, education, and pre-pregnancy BMI 
contributed the most to the observed differences in caesarean rates across racial/ethnic groups.

Conclusion:  This analysis quantified the effect of social and demographic factors on racial differences in caesarean 
delivery, which may guide public health interventions aimed towards reducing racial disparities in caesarean rates. 
Interventions targeted towards modifying maternal characteristics, such as reducing pre-pregnancy BMI or increas‑
ing maternal education, may narrow the gap in caesarean rates across racial and ethnic groups. Future studies should 
determine the contribution of physician characteristics, hospital characteristics, and structural determinants of health 
towards racial disparities in caesarean rates.
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Background
Access to medically indicated caesarean sections is an 
essential strategy for reducing maternal and infant mor-
tality rates worldwide [1]. However, overuse of medically 
unnecessary caesarean sections is associated with excess 
maternal-child morbidity [1–3]. Additionally, primary 
caesareans contribute to the high prevalence of repeat 
caesareans [4] and impose an economic burden on the 
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health care system [5, 6]. Despite national [7] and inter-
national [1] efforts to prioritize the reduction of medi-
cally unnecessary caesarean sections, caesareans rates in 
the United States have remained stable over the last dec-
ade [8, 9]. In 2019 the national caesarean rate for nullipa-
rous low-risk (term, singleton, and vertex presentation) 
births was 25.6% [8], well above the target rate of 24.7% 
set by Heathy People 2020 [7].

Women who identify as racial or ethnic minorities 
experience disproportionally higher rates of caesarean in 
the United States [8], even when controlling for demo-
graphic, behavioral, medical, and institutional level fac-
tors [10–13]. Various hypotheses have been proposed to 
explain these differences, including biased or discrimi-
natory variation in clinical decision making about labor 
management [14, 15], maternal preferences and risk tol-
erance [16], and unpredictability of labor patterns among 
subgroups of women [17]. However, detailed analysis of 
factors contributing to racial/ethnic disparities in caesar-
ean section rates remains largely unexplored. Underlying 
racial and ethnic differences in caesarean use could be 
influenced by a host of factors including but not limited 
to demographics and health insurance coverage. Identify-
ing these factors and assessing their relative importance 
is critical for the development and prioritization of inter-
ventions specifically tailored to reduce racial and ethnic 
disparities in caesarean use.

We undertook this study to identify risk factors for 
caesarean by maternal race/ethnicity using birth records 
provided by the Nebraska Department of Health and 
Human Services (DHHS). This was completed through a 
Fairlie decomposition analysis of identified explanatory 
factors to rank their importance based on the proportion 
of the observed racial/ethnic difference in caesarean rate 
accounted for by each factor. The relative contribution 
of specific factors that explain differences in caesarean 
rate provides a more in-depth understanding of dispari-
ties, which can inform future policy and interventional 
decision-making.

Methods
This study was a cross-sectional analysis of data col-
lected from birth records reported to the vital records 
electronic registration system at the Nebraska DHHS for 
the period from 2005 to 2014. This information is col-
lected concurrently with the application for a certificate 
of live birth in the State of Nebraska. IRB approval was 
not required as all data was de-identified and safeguarded 
by Nebraska DHHS. Inclusion criteria were nulliparous 
singleton births with a gestational age ≥ 37 weeks. Cases 
with birthweights outside of the probable range for ges-
tational age [18] were excluded from the study. Informed 

consent was not obtained since the study was based on 
de-identified data.

Statistical analysis
Frequencies and percentages of the outcome variable 
and confounders were calculated separately by race and 
ethnic categories (non-Hispanic (NH) White, Black-
NH, Hispanic, Asian-NH, or Native American-NH). The 
dichotomous outcome variable indicated whether women 
had a caesarean section for her first delivery. The choice 
of confounding variables was guided by a directed acyclic 
graph [19] and the variables available in the birth record 
files. These confounders included mother’s age (< 20, 
20–24, 25–29, 30–34, 35–39, ≥40 years); mother’s mari-
tal status (married, unmarried); urban/rural designation 
of mother’s county of residence (urban, rural); mother’s 
education (< 12 years, high school degree, some college, 
at least a college degree); insurance status at the time of 
birth (Medicaid, private, self-pay, other); pre-pregnancy 
body mass index (BMI; kg/m2), defined as underweight 
(< 18.5), normal weight (18.5–24), overweight (25–29), 
obese (30–39), morbidly obese (40–49), or super obese 
(≥50); and tobacco use during pregnancy (yes, no). 
Unadjusted and adjusted risk ratios (RR) for having a cae-
sarean section were calculated for different race/ethnicity 
categories with White-NHs as the reference using Pois-
son regressions with robust error variances [20, 21].

We then undertook a Fairlie decomposition technique 
specifically tailored for data with a dichotomous outcome 
[22]. The Fairlie decomposition technique has been pre-
viously used in a variety of settings to quantify and rank 
the contribution of independent variables based on their 
relevance in explaining observed differences between 
groups [23–28]. First, all racial and ethnic groups in 
the study were combined in order to obtain the pooled 
logistic regression coefficient estimates to be used in 
the decomposition analyses. Then, separately for each 
minority group, a random sample of White-NH cases of 
equal size to the minority sample size was chosen and 
the distribution of the minority replaced the White-NH 
distribution sequentially for each independent variable 
in order to calculate each independent variable’s con-
tribution to the racial difference or gap in probability of 
the outcome; the order of variables was randomized, as 
outlined by Fairlie [29]. Finally, the process of randomly 
sampling a subsample of White-NH cases using a prob-
ability proportional to the size of the minority sample, 
with replacement, as well as a random ordering of the 
variables in the model to account for path dependence 
was repeated 1000 times to calculate the decomposi-
tion estimates, after which they were averaged across all 
runs. Contributions to the gap were given as probability 



Page 3 of 9Hanson et al. BMC Pregnancy and Childbirth          (2022) 22:329 	

estimates with associated 95% confidence intervals (CI) 
(Fig. 1).

Results
The final sample for the race-only risk ratio model was 
87,908, and the total sample for the full risk ratio model 
was 85,332 with an overall caesarean rate of 27.5%. The 
demographic characteristic of the population by race and 
ethnicity are shown in Table 1. The sample was primar-
ily White-NH, followed by Hispanic and Black-NH. The 
highest rate of caesarean deliveries was seen in Asian-NH 
women, followed by Black-NH women, with the lowest 
rate of caesarean seen in Native American-NH women. 
With regards to BMI, more Black-NH women fell into 
the obese categories than White-NH women or Hispanic 
women, and Asian-NH women had the lowest rate of 
obesity. Native American-NH women had the highest 
rate of smoking during pregnancy, and Asian-NH women 
had the lowest rates.

Caesarean delivery rates were 27.8, 29.0, 24.7, 30.7, and 
23.4% for White-NH, Black-NH, Hispanic, Asian-NH, 
and Native American-NH women, respectively. Table  2 

shows the associations between confounders and the 
unadjusted (uRR) and adjusted (aRR) risk ratios of pri-
mary caesarean by race/ethnicity. Compared to White-
NH women, both Hispanic (uRR = 0.88, 95% CI 0.85, 
0.92) and Native American-NH (uRR = 0.86, 95% CI 0.77, 
0.96) women had a lower risk of caesarean before adjust-
ment while Asian-NH (uRR = 1.10, 95% CI 1.04, 1.17) 
women showed an increased risk of caesarean. After 
adjustment for all confounders listed in the Methods, 
Asian-NH (aRR = 1.21, 95% CI 1.14, 1.28) and Black-NH 
(aRR = 1.13, 95% CI 1.08, 1.19) women had an increased 
risk of caesarean relative to White-NH women; there was 
no longer any evidence of a difference in risk of caesar-
ean between Hispanic (aRR = 0.99, 95% CI 0.95, 1.03) 
or Native American-NH (aRR = 0.93, 95% CI 0.84, 1.04) 
women relative to White-NH women.

Relative to women with normal pre-pregnancy BMI, 
the risk of caesarean increased as BMI increased. The 
risk of caesarean section was 34% higher for over-
weight women compared to normal weight women 
(aRR = 1.34, 95% CI 1.30, 1.38). For super obese women, 
risk of caesarean section was 188% higher compared to 

Fig. 1  Steps in preforming and interpreting a Fairlie decomposition analysis. Created with BioRe​nder.​com

http://biorender.com
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normal weight women (aRR = 2.88, 95% CI 2.67, 3.11). 
Similarly, the risk of caesarean increased with older 
maternal age while risk decreased with a higher level 
of maternal education. Additional factors significantly 
associated with lower risks of caesarean included urban 
residence, self-pay insurance, and tobacco use during 
pregnancy (Table 2).

Table  3 reports the results of the Fairlie analyses 
showing the relative contribution of various factors in 
explaining differences in use of caesarean. Variables 
with a positive percentage indicate protective factors 
associated with lower risk of caesarean among minority 
women relative to White-NH women, while variables 
with a negative percentage indicate risk factors asso-
ciated with higher risk of caesarean among minority 
women relative to White-NH women.

For Black-NH women, who have 1.2% more caesar-
eans than White-NH women (28.9% versus 27.7%), the 
decomposition analysis showed that maternal age, edu-
cation, and BMI were the explanatory variables that 
contributed the most to explaining differences in cae-
sarean rates (Table  3). Younger maternal ages of Black-
NH women helped lower their caesarean rate relative 
to White-NH women and narrowed the gap by 3.6 per-
centage points (p.p.; 95% CI 2.4, 3.9). Conversely, lower 
levels of education (− 1.1 p.p., 95% CI -1.4, − 0.7) and 
higher pre-pregnancy BMI (− 1.2 p.p., 95% CI -1.3, − 1.2) 
among Black-NH women contributed to the higher cae-
sarean rate in Black-NH women relative to White-NH 
women (i.e. widened the gap,).

Asian-NH women had 2.9% more caesareans compared 
to White-NH women (30.6% versus 27.7%). BMI and 
maternal age were the most determinant factors in the 

Table 1  Characteristics of nulliparous women delivering at ≥37 weeks gestation by race/ethnicity

Race/Ethnicity

White-NH Black-NH Asian-NH Hispanic Native 
American-NH

N % N % N % N % N %

Cesarean delivery 19,013 27.8 1427 29.0 821 30.7 2650 24.7 264 23.4

Maternal age (years)
   < 20 8268 12.1 1697 34.4 146 5.5 3778 35.2 513 45.5

  20–24 21,523 31.5 1893 38.4 513 19.2 4093 38.1 458 40.6

  25–29 24,435 35.7 860 17.5 1077 40.2 1815 16.9 100 8.9

  30–34 10,842 15.8 356 7.2 682 25.5 744 6.9 43 3.8

  35–39 2837 4.1 105 2.1 212 7.9 264 2.5 13 1.2

   ≥ 40 521 0.8 17 0.3 48 1.8 53 0.5 1 0.1

Married Marital Status 43,425 63.5 1011 20.5 2224 83.0 3864 36.0 164 14.5

Urban County of Residence 37,553 54.9 4492 91.2 2324 86.8 5707 53.1 330 29.3

Education
   < 12 Years 4653 6.8 1265 25.7 294 11.0 4384 40.8 420 37.2

  High School Degree 11,880 17.4 1573 31.9 393 14.7 3170 29.5 372 33.0

  Some College 24,920 36.4 1595 32.4 492 18.4 2270 21.1 264 23.4

  College Degree or Higher 26,863 39.3 493 10.0 1498 55.9 919 8.6 52 4.6

Insurance Status at Time of Birth
  Medicaid 17,072 24.9 3322 67.4 586 21.9 6418 59.7 755 66.9

  Private 45,380 66.3 1195 24.2 1805 67.4 2807 26.1 166 14.7

  Self-Pay 1647 2.4 168 3.4 138 5.2 966 9.0 67 5.9

  Other 4327 6.3 243 4.9 149 5.6 557 5.2 140 12.4

Pre-Pregnancy BMI
  Underweight 2545 3.7 238 4.8 352 13.1 509 4.7 45 4.0

  Normal Weight 36,704 53.6 2269 46.0 1769 66.1 5632 52.4 507 44.9

  Overweight 15,917 23.3 1215 24.7 380 14.2 2581 24.0 238 21.1

  Obese 10,413 15.2 917 18.6 137 5.1 1500 14.0 216 19.1

  Morbidly Obese 1870 2.7 205 4.2 14 0.5 237 2.2 38 3.4

  Super Obese 204 0.3 40 0.8 – 0.0 27 0.3 6 0.5

Used Tobacco During Pregnancy 10,337 15.1 454 9.2 69 2.6 527 4.9 273 24.2
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magnitude of the gap between the two groups (Table 3). 
The protective effect of BMI in Asian women reflects a 
higher proportion of normal or underweight BMI and 
much lower proportion of overweight or obese BMI in 
Asian-NH women compared to White-NH women (i.e. 
narrowed the gap, 3.7 p.p., 95% CI 3.5, 3.9). However, the 
relatively older maternal age contributed to the higher 
caesarean rates among Asian-NH women relative to 
White-NH women (i.e. widened the gap, − 2.8 p.p., 95% 
CI -2.9, − 2.6).

Native American-NH women had a 4.0% lower rate of 
caesarean when compared to White-NH women (23.7% 
versus 27.7%) and Hispanic women had 3.2% lower rates 
of caesarean compared to White-NH women (24.5% 

versus 27.7%). Since these two groups have lower rates 
of caesarean than White-NH, widening the gap in this 
instance refers to the minority having even lower caesar-
ean rates than White-NH, and narrowing the gap refers 
to the minority having higher caesarean rates that are 
closer to the White-NH rate. Both Hispanic (3.5 p.p., 95% 
CI 3.3, 3.8) and Native American-NH (5.2 p.p., 95% CI 
4.8, 5.6) women tended to have younger maternal ages 
than White-NH women, which contributed the most to 
their lower caesarean rates relative to White-NH women 
(i.e. widened the gap; Table  3). However, both Hispanic 
(− 1.3 p.p., 95% CI -1.8, − 0.9) and Native American-NH 
(− 1.4 p.p., 95% CI -1.9, − 0.9) women tended to have a 
lower level of education than White-NH women and 

Table 2  Unadjusted and adjusted risk ratios for cesarean delivery

Unadjusted RR (95% CI) Adjusted RR (95% CI)

Race/Ethnicity
  White - NH 1.00 (Reference) 1.00 (Reference)

  Black - NH 1.04 (0.99, 1.09) 1.13 (1.08, 1.19)

  Asian - NH 1.10 (1.04, 1.17) 1.21 (1.14, 1.28)

  Hispanic 0.88 (0.85, 0.92) 0.99 (0.95, 1.03)

  Native American - NH 0.86 (0.77, 0.96) 0.93 (0.84, 1.04)

Maternal Age (years)
   < 20 – 0.81 (0.77, 0.84)

  20–24 – 1.00 (Reference)

  25–29 – 1.21 (1.17, 1.24)

  30–34 – 1.51 (1.45, 1.56)

  35–39 – 1.94 (1.85, 2.02)

   ≥ 40 – 2.31 (2.14, 2.48)

Married Marital Status – 0.98 (0.95, 1.01)

Urban County of Residence – 0.94 (0.91, 0.96)

Education
   < 12 – 1.13 (1.07, 1.19)

  High School Degree – 1.13 (1.09, 1.18)

  Some College – 1.05 (1.02, 1.08)

  At least College Degree – 1.00 (Reference)

Insurance Status at Time of Birth
  Private – 1.00 (Reference)

  Medicaid – 0.98 (0.95, 1.01)

  Self-Pay – 0.89 (0.83, 0.95)

  Other – 1.02 (0.96, 1.07)

Pre-Pregnancy BMI
  Underweight (<18.5) – 0.82 (0.76, 0.88)

  Normal (18.5–24.99) – 1.00 (Reference)

  Overweight (25–29.99) – 1.34 (1.30, 1.38)

  Obese (30–39.99) – 1.76 (1.71, 1.81)

  Morbidly Obese (40–49.99) – 2.22 (2.13, 2.31)

  Super Obese (≥50) – 2.88 (2.67, 3.11)

Used Tobacco During Pregnancy – 0.93 (0.90, 0.96)
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Native American-NH women had a higher BMI (− 1.2 
p.p., 95% CI -1.3, − 1.1) than White-NH women. Both 
of these factors narrowed the gap in caesarean rates 
between Hispanic or Native American-NH women and 
White-NH women.

Discussion
Based on analysis of birth certificate data from a large, 
population-based cohort of singleton births, we report 
several important findings. First, the overall caesarean 
rate of 27.5% for women in our study is above the 24.7% 
goal for low-risk nulliparous pregnancies set by the Office 
of Disease Prevention and Health Promotion as part of 
the Healthy People 2020 initiative [7]. Additionally, the 
risk for caesarean was not distributed evenly across racial 
and ethnic groups, with Asian-NH (aRR 1.21, 95% CI 
1.14, 1.28) and Black-NH (aRR 1.13, 95% CI 1.08, 1.19) 
women bearing an increased burden of caesareans com-
pared to White-NH women. Our findings are similar to 
other studies that have examined the association between 
race/ethnicity and risk for caesarean across the United 
States [10, 11, 30–32]. A study of low-risk nulliparous 
women delivering at the University of Massachusetts 
Memorial Medical Center between 2006 and 2011 found 
that compared to White women, Asian women had 1.49 
(95% CI 1.02, 2.17) time higher odds of delivering via 
caesarean and Black women had 1.43 (95% CI 1.07, 1.91) 
times higher odds [10]. At Kaiser Permanente Northern 
California, low-risk nulliparous Asian women had 1.59 
(95% CI: 1.45, 2.06) times higher odds of delivering via 
caesarean and Black women had 1.73 times higher odds 
(95% CI 1.45, 2.06) compared to White women [11].

Despite the well-documented disparities in caesarean 
section rates based on maternal race/ethnicity, race/eth-
nicity itself is not a biological determinant of health [33, 
34]. Instead, maternal race/ethnicity is crudely associated 
with socioeconomic injustices which drive the underly-
ing biological and social causes of health disparities. This 
novel study attempts to elucidate some of these underly-
ing causes for racial/ethnic disparities in caesarean sec-
tion rates using a Fairlie decomposition analysis.

We found that among all the factors considered, mater-
nal pre-pregnancy BMI, educational status, and age 
contributed the most to the observed differences in cae-
sarean rates between minority women and White-NH 
women. BMI is a well-established risk factor for caesar-
ean section, although less is known about the contribu-
tion of maternal BMI to racial disparities in caesarean 
rates. Linear trends have been established in several stud-
ies, with the leanest mothers having the lowest rates of 
caesarean deliveries [35–37], regardless of adjustments 
and stratification for possible confounders. The mean 
BMI in the United States has steadily increased over the 
past several decades [38], implying that women will enter 
pregnancy at higher weights. However, Black women 
bear a larger burden of obesity than other racial/eth-
nic groups [38]. Racial disparities in weight status are 
caused by a variety of systemic barriers to maintaining 
a healthy weight including but not limited to restricted 
access to fresh produce [39], targeted advertisements 
of unhealthy foods [40], and limited access to safe envi-
ronments for exercising [41, 42]. Initiatives such as the 
Sisters Together: Move More, Eat Better Program [43] 
and Eat Smart, Move More North Carolina [44] attempt 
to address some of these systemic barriers, but further 

Table 3  Factors identified by nonlinear decomposition analysis that contributed to the racial gaps in the caesarean rates

a Measures the magnitude and direction of contribution to the gap in caesarean rate for each explanatory variable. Variables with a positive estimated effect 
contribute to a lower caesarean section rate for the minority racial/ethnic group compared to the White group. Variables with a negative estimated effect contribute 
to a higher caesarean rate for the minority racial/ethnic group compared to the White group

Black - NH Asian - NH Hispanic Native American - NH
% % % %

Caesarean Rate Among White Women 27.7 27.7 27.7 27.7

Caesarean Rate Among Minority Group 28.9 30.6 24.5 23.7

Gap in Caesarean Rate −1.2 −2.9 3.2 4.0

Estimated Effects of Explanatory Variablea % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Maternal Age 3.6 (3.4 to 3.9) −2.8 (−2.9 to −2.6) 3.5 (3.3 to 3.8) 5.2 (4.8 to 5.6)

Marital Status −0.2 (−0.6 to 0.1) 0.1 (0 to 0.3) −0.2 (−0.4 to 0.1) −0.3 (−0.7 to 0.1)

County of Residence 0.7 (0.4 to 0.9) 0.6 (0.4 to 0.8) 0.0 (0.0 to 0.0) −0.4 (− 0.6 to − 0.3)

Education −1.1 (− 1.4 to − 0.7) 0.2 (0.1 to 0.4) −1.3 (− 1.8 to − 0.9) −1.4 (− 1.9 to − 0.9)

Insurance Status at Time of Birth 0.3 (0.0 to 0.7) 0.1 (0 to 0.1) 0.5 (0.1 to 0.8) 0.4 (0.0 to 0.9)

Pre-Pregnancy BMI −1.2 (− 1.3 to − 1.2) 3.7 (3.5 to 3.9) 0.3 (0.3 to 0.3) −1.2 (− 1.3 to − 1.1)

Tobacco Use During Pregnancy 0.1 (0.1 to 0.2) 0.2 (0.1 to 0.4) 0.2 (0.1 to 0.3) −0.2 (− 0.3 to − 0.1)
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investment is needed to provide wide-spread access to 
weight-management resources. Overweight and obese 
women are also more likely to gain excessive weight dur-
ing gestation, and less likely to lose excess weight after 
delivery [45]. This combination of high BMI at the onset 
of pregnancy and excessive weight gain during pregnancy 
place Black women at risk for caesarean deliveries, and 
for repeat caesarean deliveries in subsequent pregnancies 
if excess weight is not lost.

Our study identified maternal education as an addi-
tional variable which contributed to racial/ethnic dis-
parities in caesarean rates among nulliparous women 
delivering at term. Lower education status has been pre-
viously associated with maternal preference for caesarean 
delivery in a cohort of Chinese mothers [46] and higher 
caesarean rates in a cohort of Belgian mothers [47]. 
Other studies indicate that maternal education may play 
a nuanced role in explaining caesarean rates. Kottwitz 
[48] demonstrated that lower maternal education was 
associated with higher caesarean usage for women with 
low access to obstetric care, but not for women with high 
access to obstetric care. Additionally, Castiglioni and 
Schmiedeberg [49] found that maternal education was 
intertwined with maternal age, with the effects of mater-
nal education on caesarean rate becoming stronger after 
controlling for age. Effective, evidence-based initiatives 
to increase educational attainment for women strug-
gling academically do exist, although more investment 
is needed at the federal, state, and community level to 
increase program access [50]. Examples of national edu-
cational initiatives which have the potential to increase 
high school completion rates for women prior to preg-
nancy include Talent Search (college-oriented program-
ming) [51], Job Corps (vocational training, room, board, 
and medical care) [52], and Communities in Schools 
(academic, emotional, and nutritional support) [53].

Increasing maternal age has also been previously 
identified as a risk factor for caesarean delivery [30, 
54–56]. Conversely, young maternal age (< 20 years 
old) is associated with other potentially severe mor-
bidities including increased risk for maternal depres-
sion, anemia, preterm birth, and low birth weight [57]. 
Our results showed that nulliparous Asian-NH women 
tended to have older maternal ages (9.7% greater than 
34 years old), while Black-NH, Native American-NH, 
and Hispanic women had younger maternal ages (34.4, 
35.2, and 45.5% less than 20 years old, respectively). 
Schummers et  al. [56] reported a similar distribu-
tion of maternal ages among a sample of over 16 mil-
lion nulliparous women who gave birth in the United 
States. Maternal age is shaped by a complex network 
of economic, social, and personal factors which may be 

difficult to modify. However, overall birth rates for ado-
lescents (15–19 years old), including Black-NH adoles-
cents, have steadily declined since 2009 [8], due in part 
to public health initiatives such as the Title X program 
which provides low-cost family planning services [58]. 
The resulting upward trend in maternal age for Black-
NH women [8], although necessary to prevent morbidi-
ties associated with adolescent pregnancy, may have the 
unintended consequence of widening the gap in caesar-
ean rates between Black-NH and White-NH women. 
Further investment into initiatives that increase mater-
nal educational level and/or decrease maternal obesity 
are urgently needed to minimize the potential negative 
impact of increasing maternal age on caesarean section 
rates for Black-NH women.

The strengths of this study include diversity in the 
profile of subjects and represents many types of institu-
tions, including both rural and urban hospitals, private 
hospitals, and academic medical centers. Additionally, 
our results are highly relevant for practice and policy 
aimed towards reducing avoidable caesarean use in 
high-utilization groups, as we highlight three underly-
ing factors that contribute to racial/ethnic disparities in 
caesarean sections.

Several limitations of this study deserve consid-
eration. This study was based on routinely collected 
administrative data and is limited by the quality of 
available data. The data were collected in Nebraska and 
thus may not be generalizable to populations with dif-
ferent regional characteristics and clinical practice pat-
terns; however, urban, suburban and rural populations 
are represented, and the racial and ethnic diversity 
demonstrated in the population is similar to midwest-
ern populations in general [59]. Additionally, although 
maternal educational status, age, and BMI were associ-
ated with risk of caesareans, variables not included in 
Nebraska birth records also contribute to observed dif-
ferences in caesarean rate. We do include information 
on maternal education and payer type in our analysis, 
which may serve as surrogate markers for socioeco-
nomic status, and the sample included a mix of pub-
lic and private pay, and a range of maternal education 
levels. Other important variables were not available 
for analysis, such as detailed information on facility of 
birth, maternal health conditions, birth position, rea-
son for caesarean, anomalies at delivery, structural poli-
cies which influence maternal-fetal health outcomes, 
availability of community resources that promote 
health behaviors, access to obstetric care, food security, 
and household income. Future studies should attempt 
to quantify the effect of these variables on caesarean 
section rates.
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Conclusions
There are many possible causes of racial disparities in 
caesarean delivery rates, including individual, insti-
tutional, and structural level behaviors and policies. 
We found that demographic and social factors explain 
some of the differences in caesarean delivery rates 
across racial and ethnic groups. Given the contribu-
tions of maternal BMI, age, and educational status to 
racial disparities in caesarean deliveries, these findings 
provide clinicians and public health professionals tar-
gets for interventions to reduce unnecessary caesareans 
among minority women. Specific policy interventions 
which may contribute to decreasing caesarean rates 
include expanding high school completion programs, 
improving access to fresh fruits and vegetables through 
nutritional assistance programs, and providing spaces 
for physical activity in all communities. Future studies 
should investigate how other social, systemic, and facil-
ity level factors contribute to racial and ethnic dispari-
ties in caesarean section rates.

Abbreviations
aRR: Adjusted Risk Ratio; BMI: Body Mass Index; CI: Confidence Interval; DHHS: 
Department of Health and Human Services; NH: Non-Hispanic; RR: Risk Ratio; 
uRR: Unadjusted Risk Ratio.

Acknowledgements
Not applicable.

Authors’ contributions
CH, ALAB, and DS contributed to the conception and design of this study, 
interpretation of data, and preparation of the manuscript. KS contributed to 
the concept and design of this study, analysis and interpretation of data, and 
preparation of the manuscript. RAS contributed to interpretation of data and 
substantively revised this manuscript. All authors reviewed and approved the 
submitted version.

Funding
No funding was obtained for this study.

Availability of data and materials
The dataset analyzed during the current study was obtained from the vital 
records electronic registration system at the Nebraska DHHS. Data is available 
by contacting the Nebraska DHHS: https://​dhhs.​ne.​gov/​Pages/​vital-​recor​ds.​
aspx#​birth​certi​ficate

Declarations

Ethics approval and consent to participate
All research was conducted in accordance with the relevant ethical guidelines 
and regulations at the University of Nebraska Medical Center. The study pro‑
tocol was approved by the Institutional Review Board (IRB) at the University 
of Nebraska Medical Center (IRB#: 162–17-EX). Informed consent was not 
relevant since the study team conducted secondary data analysis of extant 
de-identified records archived and protected by the Nebraska Department of 
Health and Human Services.”

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 College of Allied Health Professions, Medical Nutrition Education, University 
of Nebraska Medical Center, Omaha, NE 68198‑4045, USA. 2 College of Public 
Health, University of Nebraska Medical Center, Omaha, NE 68198‑4340, USA. 
3 Pediatrics, University of Nebraska Medical Center, Omaha, NE 68198‑1205, 
USA. 

Received: 6 December 2021   Accepted: 28 February 2022

References
	1.	 World Health Organization Human Reproduction Programme, 10 April 

2015. WHO statement on caesarean section rates. Reprod Health Matters. 
2015;23:149–50.

	2.	 Spong CY, Berghella V, Wenstrom KD, Mercer BM, Saade GR. Preventing 
the first cesarean delivery: summary of a joint Eunice Kennedy Shriver 
National Institute of Child Health and Human Development, Society for 
Maternal-Fetal Medicine, and American College of Obstetricians and 
Gynecologists workshop. In reply. Obstet Gynecol. 2013;121:687.

	3.	 Curtin SC, Gregory KD, Korst LM, Uddin SF. Maternal morbidity for vaginal 
and cesarean deliveries, according to previous cesarean history: new data 
from the birth certificate, 2013. Natl Vital Stat Rep. 2015;64:1–13 back 
cover.

	4.	 MacDorman M, Declercq E, Menacker F. Recent trends and patterns in 
cesarean and vaginal birth after cesarean (VBAC) deliveries in the United 
States. Clin Perinatol. 2011;38:179–92.

	5.	 Kozhimannil KB, Law MR, Virnig BA. Cesarean delivery rates vary tenfold 
among US hospitals; reducing variation may address quality and cost 
issues. Health Aff (Millwood). 2013;32:527–35.

	6.	 Fobelets M, Beeckman K, Faron G, Daly D, Begley C, Putman K. Vaginal 
birth after caesarean versus elective repeat caesarean delivery after one 
previous caesarean section: a cost-effectiveness analysis in four European 
countries. BMC Pregnancy Childbirth. 2018;18:92. https://​doi.​org/​10.​
1186/​s12884-​018-​1720-6.

	7.	 Healthy People 2020. ’Maternal, infant, and child health’, https://​www.​
healt​hypeo​ple.​gov/​2020/​topics-​objec​tives/​topic/​mater​nal-​infant-​and-​
child-​health/​objec​tives (Updated 2019, Accessed 2 Dec 2021).

	8.	 Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births: final data for 
2019. Natl Vital Stat Rep. 2021;70:1–51.

	9.	 Osterman MJ, Martin JA. Changes in cesarean delivery rates by gesta‑
tional age: United States, 1996-2011. NCHS Data Brief. 2013;124:1–8.

	10.	 Edmonds JK, Yehezkel R, Liao X, Moore Simas TA. Racial and ethnic dif‑
ferences in primary, unscheduled cesarean deliveries among low-risk 
primiparous women at an academic medical center: a retrospective 
cohort study. BMC Pregnancy Childbirth. 2013;13:168. https://​doi.​org/​10.​
1186/​1471-​2393-​13-​168.

	11.	 Okwandu IC, Anderson M, Postlethwaite D, Shirazi A, Torrente S. Racial 
and ethnic disparities in cesarean delivery and indications among nul‑
liparous, term, singleton, Vertex Women. J Racial Ethn Health Disparities. 
2021. https://​doi.​org/​10.​1007/​s40615-​021-​01057-w.

	12.	 Hedderson MM, Xu F, Liu E, Sridhar SB, Quesenberry CP, Flanagan TA. 
Mediating effects of Cardiometabolic risk factors on the association 
between maternal race-ethnicity and cesarean delivery among low-risk 
women. J Women’s Health (Larchmt). 2021;30:1028–37.

	13.	 Stark EL, Grobman WA, Miller ES. The association between maternal race 
and ethnicity and risk factors for primary cesarean delivery in nulliparous 
women. Am J Perinatol. 2021;38:350–6.

	14.	 Delafield R, Elia J, Chang A, Kaneshiro B, Sentell T, Pirkle CM. Perspectives 
and experiences of obstetricians who provide labor and delivery Care for 
Micronesian Women in Hawai’i: what is driving cesarean delivery rates? 
Qual Health Res. 2020;30:2291–302.

	15.	 Valdes EG. Examining cesarean delivery rates by race: a population-based 
analysis using the Robson ten-Group classification system. J Racial Ethn 
Health Disparities. 2021;8:844–51.

	16.	 Getahun D, Strickland D, Lawrence JM, Fassett MJ, Koebnick C, Jacobsen 
SJ. Racial and ethnic disparities in the trends in primary cesarean delivery 
based on indications. Am J Obstet Gynecol. 2009;201(4):422.e1–7.

https://dhhs.ne.gov/Pages/vital-records.aspx%23birthcertificate
https://dhhs.ne.gov/Pages/vital-records.aspx%23birthcertificate
https://doi.org/10.1186/s12884-018-1720-6
https://doi.org/10.1186/s12884-018-1720-6
https://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://doi.org/10.1186/1471-2393-13-168
https://doi.org/10.1186/1471-2393-13-168
https://doi.org/10.1007/s40615-021-01057-w


Page 9 of 9Hanson et al. BMC Pregnancy and Childbirth          (2022) 22:329 	

	17.	 Ferrazzi E, Milani S, Cirillo F, Livio S, Piola C, Brusati V, et al. Progression of 
cervical dilatation in normal human labor is unpredictable. Acta Obstet 
Gynecol Scand. 2015;94:1136–44.

	18.	 Alexander GR, Himes JH, Kaufman RB, Mor J, Kogan M. A United States 
national reference for fetal growth. Obstet Gynecol. 1996;87:163–8.

	19.	 Bandoli G, Palmsten K, Flores KF, Chambers CD. Constructing causal 
diagrams for common perinatal outcomes: benefits, limitations and moti‑
vating examples with maternal antidepressant use in pregnancy. Paediatr 
Perinat Epidemiol. 2016;30:521–8.

	20.	 Zou G. A modified poisson regression approach to prospective studies 
with binary data. Am J Epidemiol. 2004;159:702–6.

	21.	 Spiegelman D, Hertzmark E. Easy SAS calculations for risk or prevalence 
ratios and differences. Am J Epidemiol. 2005;162:199–200.

	22.	 Fairlie R. The absence of the African-American owned business: an analy‑
sis of the dynamics of self-employment. J Labor Econ. 1999;17:80–108.

	23.	 Pagán JA, Su D, Li L, Armstrong K, Asch DA. Racial and ethnic dispari‑
ties in awareness of genetic testing for cancer risk. Am J Prev Med. 
2009;37:524–30.

	24.	 Fairlie R. Why are bloack-owned businesses less successful than white-
owned bsinesses? The role of families, inheritances, and business human 
capital. J Labor Econ. 2007;25:289–323.

	25.	 Christiani Y, Byles JE, Tavener M, Dugdale P. Assessing socioeconomic 
inequalities of hypertension among women in Indonesia’s major cities. J 
Hum Hypertens. 2015;29:683–8.

	26.	 Fagbamigbe AF, Ologunwa OP, Afolabi EK, Fagbamigbe OS, Uthman 
AO. Decomposition analysis of the compositional and contextual 
factors associated with poor-non-poor inequality in diarrhoea among 
under-five children in low- and middle-income countries. Public Health. 
2021;193:83–93.

	27.	 Janevic T, Zeitlin J, Egorova NN, Hebert P, Balbierz A, Stroustrup AM, 
et al. Racial and economic neighborhood segregation, site of delivery, 
and morbidity and mortality in neonates born very preterm. J Pediatr. 
2021;235:116–23.

	28.	 Sowe A, Johansson K. Disentangling the rural-urban immunization 
coverage disparity in the Gambia: a Fairlie decomposition. Vaccine. 
2019;37:3088–96.

	29.	 Fairlie R. Addressing path dependence and incorporating sample weights 
in the nonlinear blinder-Oaxaca decomposition technique for logit, pro‑
bit, and other nonlinear models. Stanford: Stanford Institute for Economic 
Policy Research; 2017.

	30.	 Min CJ, Ehrenthal DB, Strobino DM. Investigating racial differences in risk 
factors for primary cesarean delivery. Am J Obstet Gynecol. 2015;212:814.
e1–814.e14.

	31.	 Kabir AA, Pridjian G, Steinmann WC, Herrera EA, Khan MM. Racial differ‑
ences in cesareans: an analysis of U.S. 2001 National Inpatient Sample 
Data. Obstet Gynecol. 2005;105:710–8.

	32.	 Edmonds JK, Hawkins SS, Cohen BB. The influence of detailed maternal 
ethnicity on cesarean delivery: findings from the U.S. birth certificate in 
the state of Massachusetts. Birth. 2014;41:290–8.

	33.	 Norton HL, Quillen EE, Bigham AW, Pearson LN, Dunsworth H. Human 
races are not like dog breeds: refuting a racist analogy. Evo Edu Outreach. 
2019;12:1–20.

	34.	 Hogarth RA. The myth of innate racial differences between white and 
black People’s bodies: lessons from the 1793 yellow fever epidemic in 
Philadelphia, Pennsylvania. Am J Public Health. 2019;109:1339–41.

	35.	 Barau G, Robillard PY, Hulsey TC, Dedecker F, Laffite A, Gérardin P, et al. Lin‑
ear association between maternal pre-pregnancy body mass index and 
risk of caesarean section in term deliveries. BJOG. 2006;113:1173–7.

	36.	 Bergholt T, Lim LK, Jørgensen JS, Robson MS. Maternal body mass index 
in the first trimester and risk of cesarean delivery in nulliparous women in 
spontaneous labor. Am J Obstet Gynecol. 2007;196(163):e1–163.e5.

	37.	 Class QA. Obesity and the increasing odds of cesarean delivery. J Psycho‑
som Obstet Gynaecol. 2021:1–7. https://​doi.​org/​10.​1080/​01674​82X.​2021.​
19679​26.

	38.	 Ogden CL, Fryar CD, Martin CB, Freedman DS, Carroll MD, Gu Q, et al. 
Trends in obesity prevalence by race and Hispanic Origin-1999-2000 to 
2017-2018. JAMA. 2020;324:1208–10.

	39.	 Zenk SN, Mentz G, Schulz AJ, Johnson-Lawrence V, Gaines CR. Longitudi‑
nal associations between observed and perceived neighborhood food 
availability and body mass index in a multiethnic urban sample. Health 
Educ Behav. 2017;44:41–51.

	40.	 Eisenberg MD, Avery RJ, Mathios A, Ernst P, Cawley J. Disparities in 
exposure to television advertising of sugar-sweetened and non-nutritive 
sweetened beverages among U.S. adults and teens, 2007–2013. Prev 
Med. 2021;150:106628.

	41.	 Joseph RP, Ainsworth BE, Keller C, Dodgson JE. Barriers to physical activity 
among African American women: an integrative review of the literature. 
Women Health. 2015;55:679–99.

	42.	 McAlexander KM, Banda JA, McAlexander JW, Lee RE. Physical activity 
resource attributes and obesity in low-income African Americans. J Urban 
Health. 2009;86:696–707.

	43.	 National Institute of Diabetes and Digestive and Kidney Diseases. Sisters 
Together: Move More, Eat Better Program Guide, https://​www.​niddk.​nih.​
gov/​health-​infor​mation/​commu​nity-​health-​outre​ach/​siste​rs-​toget​her-​
progr​am-​guide?​dkrd=/​health-​infor​mation/​weight-​manag​ement/​siste​
rs-​toget​her-​progr​am-​guide. Accessed 10 Feb 2022.

	44.	 Eat Smart Move More NC. Eat Smart, Move More NC, https://​www.​eatsm​
artmo​vemor​enc.​com/ (Updated 2022, Accessed 10 Feb 2022).

	45.	 Vesco KK, Dietz PM, Rizzo J, Stevens VJ, Perrin NA, Bachman DJ, et al. 
Excessive gestational weight gain and postpartum weight retention 
among obese women. Obstet Gynecol. 2009;114:1069–75.

	46.	 Ming Y, Huang R, Zhou W, Wang B, Yu H, Zhang J, et al. Is age and socio‑
economic status associated with preference for birth mode in nulliparous 
women in China? Arch Gynecol Obstet. 2019;300:33–40.

	47.	 Cammu H, Martens G, Keirse MJ. Mothers’ level of education and 
childbirth interventions: a population-based study in Flanders, Northern 
Belgium. Birth. 2011;38:191–9.

	48.	 Kottwitz A. Mode of birth and social inequalities in health: the effect of 
maternal education and access to hospital care on cesarean delivery. 
Health Place. 2014;27:9–21.

	49.	 Castiglioni L, Schmiedeberg C. Joint effect of education and age at child‑
birth on the risk of caesarean delivery: findings from Germany 2008-2015. 
Public Health. 2018;155:1–7.

	50.	 Hahn RA, Knopf JA, Wilson SJ, et al. Programs to increase high school 
completion: a community guide systematic health equity review. Am J 
Prev Med. 2015;48:599–608.

	51.	 US Department of Education. Talent Search Program, https://​www2.​ed.​
gov/​progr​ams/​triot​alent/​index.​html (Updated 2022 Accessed 10 Feb 
2022).

	52.	 Job Corps. Live Job Corps, https://​www.​jobco​rps.​gov/​live (Updated 2017, 
Accessed 10 Feb 2022).

	53.	 Communities in Schools. Communities in Schools, https://​www.​commu​
nitie​sinsc​hools.​org/ (Updated 2022, Accessed 10 Feb 2022).

	54.	 Yoshioka-Maeda K, Ota E, Ganchimeg T, Kuroda M, Mori R. Caesarean sec‑
tion by maternal age group among singleton deliveries and primiparous 
Japanese women: a secondary analysis of the WHO global survey on 
maternal and perinatal health. BMC Pregnancy Childbirth. 2016;16:39. 
https://​doi.​org/​10.​1186/​s12884-​016-​0830-2.

	55.	 Hure A, Powers J, Chojenta C, Loxton D. Rates and predictors of caesarean 
section for first and second births: a prospective cohort of Australian 
women. Matern Child Health J. 2017;21:1175–84.

	56.	 Schummers L, Hacker MR, Williams PL, Hutcheon JA, Vanderweele TJ, 
McElrath TF, et al. Variation in relationships between maternal age at first 
birth and pregnancy outcomes by maternal race: a population-based 
cohort study in the United States. BMJ Open. 2019;9:e033697. https://​doi.​
org/​10.​1136/​bmjop​en-​2019-​033697.

	57.	 Todhunter L, Hogan-Roy M, Pressman EK. Complications of pregnancy in 
adolescents. Semin Reprod Med. 2021.

	58.	 US Department of Health & Human Service Office of Population Affairs. 
About Title X Service Grants, https://​opa.​hhs.​gov/​grant-​progr​ams/​title-x-​
servi​ce-​grants/​about-​title-x-​servi​ce-​grants (Accessed 10 Feb 2022).

	59.	 QuickFacts United States. U.S. Census Bureau QuickFacts: United States 
Web site. https://​www.​census.​gov/​quick​facts/​fact/​table/​US/​PST04​5219. 
Updated 2020. Accessed 6 Dec 2021.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1080/0167482X.2021.1967926
https://doi.org/10.1080/0167482X.2021.1967926
https://www.niddk.nih.gov/health-information/community-health-outreach/sisters-together-program-guide?dkrd=/health-information/weight-management/sisters-together-program-guide
https://www.niddk.nih.gov/health-information/community-health-outreach/sisters-together-program-guide?dkrd=/health-information/weight-management/sisters-together-program-guide
https://www.niddk.nih.gov/health-information/community-health-outreach/sisters-together-program-guide?dkrd=/health-information/weight-management/sisters-together-program-guide
https://www.niddk.nih.gov/health-information/community-health-outreach/sisters-together-program-guide?dkrd=/health-information/weight-management/sisters-together-program-guide
https://www.eatsmartmovemorenc.com/
https://www.eatsmartmovemorenc.com/
https://www2.ed.gov/programs/triotalent/index.html
https://www2.ed.gov/programs/triotalent/index.html
https://www.jobcorps.gov/live
https://www.communitiesinschools.org/
https://www.communitiesinschools.org/
https://doi.org/10.1186/s12884-016-0830-2
https://doi.org/10.1136/bmjopen-2019-033697
https://doi.org/10.1136/bmjopen-2019-033697
https://opa.hhs.gov/grant-programs/title-x-service-grants/about-title-x-service-grants
https://opa.hhs.gov/grant-programs/title-x-service-grants/about-title-x-service-grants
https://www.census.gov/quickfacts/fact/table/US/PST045219

	Racial disparities in caesarean delivery among nulliparous women that delivered at term: cross-sectional decomposition analysis of Nebraska birth records from 2005-2014
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


