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Abstract
Purpose The purpose of this study is to examine whether
cesarean section in the Wrst pregnancy is associated with the
success or failure of programmed fetal growth phenotypes
or patterns in the subsequent pregnancy.
Methods We analyzed data from a population-based ret-
rospective cohort of singleton deliveries that occurred in
the state of Missouri from 1978 to 2005 (n = 1,224,133).
The main outcome was neonatal mortality, which was used
as an index of the success of fetal programming. Cox pro-
portional hazard and logistic regression models were used
to generate point estimates and 95% conWdence intervals.
Results Mothers delivering by cesarean section in the Wrst
pregnancy were less likely to deliver subsequent appropri-
ate-for-gestational-age (AGA) neonates (OR 0.91, 95% CI
0.89–0.92) when compared with mothers delivering vagi-
nally. Of the 1,457 neonatal deaths in the second preg-
nancy, 383 early neonatal and 95 late neonatal deaths were
to mothers with cesarean section deliveries in the Wrst preg-
nancy. When compared with women with a previous vagi-
nal delivery, AGA neonates of women with a primary

cesarean section had 20% increased risk of both neonatal
(OR 1.20, 95% CI 1.05–1.37) and early neonatal (OR 1.23,
95% CI 1.05–1.43) death.
Conclusion Our study suggests that previous cesarean
section is a risk factor for neonatal mortality among AGA
infants of subsequent pregnancy. Future prospective studies
are needed to conWrm these Wndings.

Keywords Cesarean section · Fetal programming · Fetal 
growth phenotypes · Neonatal death · Subsequent 
pregnancy

Introduction

Cesarean section (C-section) deliveries account for a sig-
niWcant portion of all births in the United States. Vital sta-
tistics records have chronicled a steadily increasing
frequency between 1996 and 2007 [1] and cesarean sec-
tions now account for almost one-third (31.8% in 2007) of
all deliveries in the United States [1]. Certain maternal risk
factors have been shown to be signiWcantly associated with
an increased risk of cesarean section deliveries; included
are advanced maternal age, higher body mass index (BMI),
Black race, and other maternal obstetric or medical charac-
teristics (e.g., preeclampsia, diabetes mellitus, etc.) [2–5].
However, even in the absence of maternal risk factors, the
increase in primary cesarean sections, physician prefer-
ences, and an increase in elective, non-emergency cesarean
sections are all associated with the elevated frequency of
cesarean deliveries [6–8].

Although cesarean section is invaluable in emergency
situations, it is well recognized that there are certain inher-
ent risks for maternal and infant morbidity and mortality.
Previous studies have shown that even in the absence of
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medical risk factors, there may be an increased risk of still-
birth and infant mortality, among both mothers with pri-
mary or Wrst time, cesarean section and those with a history
of cesarean delivery [7, 9, 10]. Towner et al. [11] demon-
strated that neurological injuries, hemorrhage, convulsions,
and feeding diYculties were signiWcantly higher among
infants delivered by cesarean section as compared to those
delivered vaginally. In a previous study, we evaluated the
Missouri births between 1978 and 1997 for the association
between cesarean sections in the Wrst pregnancies and still-
birth in subsequent pregnancies [12]. Although in that
study, we did not Wnd an overall increased risk among
mothers with a history of cesarean section, there was a 40%
increased risk of stillbirth among Black mothers when com-
pared with White mothers (stillbirth rate 9.3 vs. 6.8 per
1,000 births; OR 1.4, 95% CI 1.1–1.7) [12].

With the current trends in cesarean section delivery rates
and the observed increase in morbidity and mortality in
concurrent and subsequent pregnancies, it becomes increas-
ingly important to perform more focused evaluation on
other likely eVects of cesarean section delivery on subse-
quent pregnancy outcomes. Accordingly, we undertook this
study with the aim of examining whether cesarean section
in the Wrst pregnancy is associated with the success or fail-
ure of programmed fetal growth phenotypes or patterns in
the subsequent pregnancy. We categorized fetal intrauterine
growth phenotypes as small-for-gestational age (SGA),
appropriate-for-gestational age (AGA), and large-for-gesta-
tional age (LGA), as was used in our previous study [12].
Using these patterns, we analyzed the success of fetal pro-
gramming for each growth phenotype, deWned as survival
beyond the Wrst 28 days of life, between mothers with prior
vaginal versus cesarean section births. We hypothesize that
a history of prior cesarean section delivery will directly
inXuence the success of fetal programming in the subse-
quent pregnancy. We have formulated this hypothesis-
based preliminary Wndings from our earlier research [12],
as well as reports from the previously published literature.

Materials and methods

Data source

This analysis was conducted using the maternally linked
cohort data from the Missouri database. The database has
proven to be highly reliable and valid, and is often consid-
ered a gold standard in the validation of other data sets
using linkage procedures [12, 13]. Data used in this analy-
sis included the full Missouri database, covering the 27-
year period from 1978 to 2005. In this data Wle, unique
identiWers were used to longitudinally link maternal health
information to subsequent fetal and infant birth and death

records. The speciWc methods and algorithm used in linking
maternal obstetric and infant health data have been previ-
ously detailed [14].

Variables

This is a retrospective cohort study on women delivering
two consecutive, singleton live births, with gestational ages
between 20 and 44 weeks (n = 450,141) for both pregnan-
cies. Because the exposure of interest was receipt of cesar-
ean delivery in the Wrst pregnancy, mothers in the Wrst
pregnancy were categorized based on the mode of delivery:
vaginal or cesarean section groups. Cesarean section classi-
Wcation included those with coding for primary elective and
primary emergency on birth records. Eligible women were
then followed over time to their second pregnancy to assess
the outcome of interest, which were intrauterine fetal pro-
gramming patterns (or fetal growth phenotypes) and their
success.

Fetal growth phenotype categories were created from the
infants’ gestational ages and birth weights using popula-
tion-based growth curves. Each category was deWned as
follows: SGA (less than 10th percentile of birth weights),
LGA (greater than 90th percentile of birth weights), and
AGA (10–90th percentile of birth weights) [15]. Infant ges-
tational ages were used to create the following categories:
term (at least 37 weeks), very preterm (32 weeks or less),
and moderately preterm (33–36 weeks). Gestational ages
were estimated based on the interval between the date of
the last menstrual period (DLM) and the date of delivery of
the neonate. In instances of discrepancy between the esti-
mate and the infant’s birth weight (e.g., a term neonate hav-
ing very low birth weight), the clinical estimate given on
the vital records was used [16]. Previous studies have vali-
dated the use of the reported gestational age on the US birth
certiWcates [17, 18]. The Tennessee Birth Record Study by
Piper et al. [17] reported an overall agreement of 84.2%
with medical records. Infant birth weights were used in the
following categories: low birth weight (LBW <2,500 g),
normal birth weight (NBW 2,500–3,999 g), and high birth
weight (HBW ¸4,000 g).

As we have previously justiWed and published [19, 20],
we used neonatal mortality as an index of the success of
fetal programming. Neonatal mortality is deWned as the
death of the newborn before 28 days of life. We further
delineated neonatal death into early (infant death from
0–7 days of life) and late (infant death from 7 to 27 days).
Neonatal death, as opposed to infant mortality, was cho-
sen as our outcome because of its close relation to preg-
nancy-associated events. To evaluate the risk of neonatal
mortality, we divided infants into categories based on the
mothers’ method of delivery in the Wrst pregnancy and the
neonates’ intrauterine growth phenotype and gestational ages.
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They were vaginal or c-section: SGA-term, SGA–moderately
preterm, SGA-very preterm, AGA-term, AGA-moder-
ately preterm, AGA-very preterm, LGA-term, LGA-
moderately preterm, and LGA-very preterm. In this case,
for example, an infant who was born to a woman who
delivered via c-section in her Wrst pregnancy and was born
small-for-gestational age between 33 and 36 weeks gesta-
tion would be placed in the c-section-SGA-moderately
preterm category. Infants who belonged to the primary
vaginally delivered group were set as the referent cate-
gory, which means, within each intrauterine growth group
(SGA, AGA, and LGA) and gestational age category (term,
moderately preterm, and very preterm), the subgroup in
which mothers previously delivered vaginally was set as
the referent.

Covariates

SpeciWc maternal sociodemographic and obstetric compli-
cation variables in the second pregnancy were used to
assess diVerences between mothers delivering vaginally
and those delivering via cesarean section. The association
between maternal obstetric complications and the method
of primary birth was assessed on a subset of the population
with births between 1989 and 2005, since data collection on
complications was not standard in the United States before
that time. Maternal characteristics in the second pregnancy,
as opposed to the Wrst, were selected because the outcomes
(fetal programming patterns and their success) were more
likely to be inXuenced by characteristics in the second preg-
nancy. These variables included the following: maternal
age (younger than 35 years or 35 years and older), race
(Black or White), education (<12 years or 12 years or
more), marital status (married or unmarried), smoking and
alcohol use during pregnancy (yes or no), body mass index
(BMI), adequacy of prenatal care (inadequate or adequate),
and the inter-pregnancy interval.

The inter-pregnancy interval for each mother was calcu-
lated as the number of days between her Wrst and second
pregnancies, and was analyzed as a continuous variable.
Adequacy of prenatal care (PNC) was assessed by the use
of revised graduated index algorithm to describe and assess
the level of prenatal care utilization [21, 22]. The trimester
of care initiation, number of visits for the duration of the
pregnancy, and the infant’s gestational age at birth were
used to assess the adequacy of care. Women with missing
PNC information, no PNC or those with suboptimal levels
of care were classiWed as having inadequate prenatal care.
BMI was calculated using maternal weight in kilograms
divided by height in meters squared (kg/m2). Height was
obtained from the measurement recorded at the Wrst prena-
tal visit and pre-pregnancy weight as that reported by the
mother during the Wrst visit of each pregnancy [23]. Based

on the Institute of Medicine (IOM) Guidelines, maternal
pre-pregnancy BMI was categorized as non-obese (<30 kg/
m2) and obese (30.0 kg/m2 or more) [24].

Statistical analysis

The Chi-squared (�2) test was used to perform crude fre-
quency comparisons between mothers delivering vaginally
versus those delivering via cesarean section with respect to
selected sociodemographic characteristics and obstetric/
medical complications. The independent samples t test was
used to assess diVerences in the means of the inter-preg-
nancy interval variable between the two groups. We
employed logistic regression modeling to compare the odds
of fetal growth phenotypes (SGA, AGA, and LGA) across
the two groups of women. For each analysis, we controlled
for a previous SGA or LGA birth, respectively, as these are
known risk factors for subsequent SGA and LGA births
[25–27]. The proportionality of days to death and each
level of neonatal mortality was assessed. If the proportion-
ality assumption was met, the Cox proportional hazard
modeling was used to calculate both crude and adjusted
hazard estimates of mortality for each level of intrauterine
growth phenotype for infants born via cesarean section.
Otherwise, logistic regression modeling was used to calcu-
late the odds ratio. The Wnal model included infant gender,
maternal age, race, education, marital status, tobacco use
during pregnancy, adequacy of prenatal care, inter-preg-
nancy interval, and BMI. These variables were selected as
potential confounders based on the literature and biologic
plausibility. Including obstetric complications in the model
produced the same estimates that are presented in Tables 3,
4, and 5. All tests of hypothesis were two-tailed with a type
1 error rate of 5%. Statistical analysis was performed using
SAS version 9.2 (SAS Institute, Cary, NC, USA). The
study was approved by the Institutional Review Board at
the University of South Florida.

Results

A total of 1,286,874 uniquely identiWed, singleton live
births in the 27-year period between 1978 and 2005 were
potentially available to be analyzed in this study. Data from
242,519 (18.8%) records were excluded when the data were
restricted to the Wrst two consecutive births for each
mother. Records that did not have viable gestational ages of
greater than 20 weeks and <44 weeks, totaling 58,405
(4.5%) records, were also excluded. Finally, 85,668 (6.7%)
records without sibling pairs, implying only one birth was
contributed by the mother in the cohort (n = 80,632); infant
birth date, birth weight or death data (n = 1,362); or method
of birth information (n = 3,672) was removed from the
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dataset. After excluding these records, the cohort used in
this investigation consisted of 450,141 maternally linked,
sibling-matched, singleton, and live birth records. These
birth records were further divided into 303,698 vaginal and
146,443 cesarean section deliveries at baseline (Wrst preg-
nancy).

Table 1 shows the crude frequency comparison between
women experiencing a vaginal birth and those delivering
via cesarean section in their Wrst pregnancy, with respect to
certain social and demographic characteristics. Women
having vaginal deliveries in their Wrst pregnancies were
more likely to be younger, Black, to have less education
and be unmarried in the second pregnancy when compared

with women who delivered via cesarean section
(P < 0.0001). Conversely, mothers who underwent cesar-
ean section in the Wrst pregnancy were more likely to be
obese, non-smokers, to have had adequate level of prenatal
care and, on average, have had longer intervals between
their Wrst and second pregnancies (P < 0.0001).

The results presented in Table 2 correspond to the subset
of women whose Wrst deliveries were between 1989 and
2005. It shows the association between method of birth in
the Wrst pregnancy and common maternal obstetric compli-
cations in the second. When compared with women who
experienced primary vaginal deliveries, women with cesar-
ean sections in the Wrst pregnancy had signiWcantly higher
frequencies of obstetric complications in their second preg-
nancy, including preeclampsia, placenta abruption, and
placenta previa. The frequency of eclampsia, chronic
hypertension, and diabetes was approximately two times
higher as compared to the primary vaginal delivery cohort. The
presence of anemia, however, was not diVerent between the
cohorts of women (P = 0.9936).

There were 31,118 (7.1%) SGA, 356,019 (79.6%) AGA,
and 60,006 (13.3%) LGA infants delivered in the cohort of
secondary pregnancies. Table 3 shows the diVerences
between method of delivery in the Wrst pregnancy and
infant intrauterine growth phenotype in the second preg-
nancy. Mothers delivering by cesarean section in the Wrst
pregnancy were less likely to deliver subsequent AGA neo-
nates (OR 0.91, 95% CI 0.89–0.92) when compared with
mothers delivering vaginally. In contrast, Wrst-time cesar-
ean section delivered mothers were about 3% more likely to
deliver LGA neonates in their second pregnancies (OR
1.03, 95% CI 1.01–1.05) than mothers delivering vaginally.
The frequency of SGA-delivered neonates was not signiW-
cantly diVerent between the cohorts of mothers (OR 1.00,
95% CI 0.97–1.02). The results were similar for the diVer-
ent birth weight and gestational age categories (Table 3).

Table 1 Maternal sociodemographic characteristics in the second
pregnancy by the method of delivery in the Wrst pregnancy, Missouri,
1978–2005

Characteristics Vaginal birth 
[n = 303,698 (%)]

Cesarean birth 
[n = 146,443 (%)]

P value

Maternal age (years)

<35 286,221 (94.3) 133,109 (90.3) <0.0001

¸35 17,447 (5.8) 13,334 (9.1)

Race

White 257,305 (84.7) 131,149 (89.6) <0.0001

Black 42,157 (13.9) 13,472 (9.2)

Other 4,236 (1.4) 1,822 (1.2)

Education (years)

<12 51,549 (17.0) 16,646 (11.4) <0.0001

¸12 250,618 (82.5) 129,280 (87.9)

Not stated 1,531 (0.5) 517 (0.4)

Marital status

Married 231,312 (76.2) 124,529 (85.4) <0.0001

Not married 72,287 (23.8) 21,880 (14.9)

Not stated 99 (0.03) 34 (0.02)

BMI

Non-obese 266,054 (87.6) 123,133 (84.1) <0.0001

Obese 37,644 (12.4) 23,310 (15.9)

Smoking status

Smoker 67,376 (22.2) 29,599 (20.2) <0.0001

Non-smoker 235,695 (77.6) 116,632 (79.6)

Not stated 627 (0.2) 212 (0.1)

Alcohol use

Yes 2,533 (0.8) 1,469 (1.0) <0.0001

No 215,493 (71.0) 87,762 (61.3)

Not stated 85,672 (28.2) 55,212 (37.7)

Prenatal care

Adequate 143,757 (47.3) 77,338 (52.8) <0.0001

Inadequate 159,941 (52.6) 69,106 (47.2)

Inter-pregnancy 
interval 
(mean in days)

972.7 1,016.6 <0.0001

Table 2 Common maternal obstetric complications in the second
pregnancy among mothers delivering vaginally or by cesarean section,
Missouri, 1989–2005

a Total includes 119 (0.02%) vaginal and 64 (0.01%) of records with miss-
ing information on maternal complications

Obstetric 
complications

Vaginal birth 
[na = 303,698 (%)]

Cesarean birth 
[n = 146,443 (%)]

P value

Preeclampsia 4,938 (2.8) 2,438 (3.9) <0.0001

Eclampsia 86 (0.05) 60 (0.1) 0.0001

Chronic hypertension 1,267 (0.7) 894 (1.4) <0.0001

Placenta previa 639 (0.4) 302 (0.5) <0.0001

Placenta abruption 1,177 (0.7) 473 (0.8) 0.0202

Anemia 2,452 (1.4) 844 (1.4) 0.9936

Diabetes 4,227 (2.4) 2,695 (4.3) <0.0001
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In the second pregnancy, there were 1,147 early neonatal
and 310 late neonatal deaths, totaling 1,457 neonatal deaths
in this cohort. Of these, 383 early neonatal and 95 late neo-
natal deaths were to mothers with cesarean section deliver-
ies in the Wrst pregnancy. The frequency of neonatal
(P = 0.8228), early neonatal (P = 0.5342), and late neonatal
(P = 0.4785) mortality was not signiWcantly diVerent
between the cohorts (not shown). Table 4 reports the over-
all adjusted risk estimates for neonatal, early neonatal, and
late neonatal death in the second pregnancy, by each intra-
uterine growth phenotype, for mothers who delivered via
cesarean section in the Wrst pregnancy. For most pheno-

types, there were not signiWcantly increased risks for subse-
quent neonatal death for women with a history of prior
cesarean section. Of exception, as compared to women with
a previous vaginal delivery, AGA neonates of women with
a primary cesarean section had 20% increased risk of both
neonatal (OR 1.20, 95% CI 1.05–1.37) and early neonatal
(OR 1.23, 95% CI 1.05–1.43) death.

Table 5 shows the adjusted risks of neonatal, early neo-
natal and late neonatal mortality based on the intrauterine
growth phenotypes and gestational age groups. For each
phenotype-age group, infants of mothers with a previous
vaginal birth were set as the referent category. Almost all c-
section-SGA-, AGA-, and LGA-term infants demonstrated a
signiWcantly reduced risk of neonatal mortality. LGA-term
infants, however, did not show a signiWcantly reduced risk
of late neonatal mortality. Infants in all intrauterine growth
phenotypes and born moderately preterm did not have a
signiWcantly associated risk of neonatal mortality. The
infants of women with a primary cesarean section and born
very preterm were at increased risk of neonatal mortality
for all gestational age categories. The lowest risk were for
infants who were born LGA, although these infants exhib-
ited an almost eightfold increased likelihood of early neo-
natal mortality (OR 7.84, 95% CI 3.32–18.51). Infants who
were c-section-AGA-very preterm exhibited greater than
76-fold increased risk of early neonatal mortality as com-
pared to vaginal-AGA-very preterm infants (OR 76.87,
95% CI 64.03–92.28).

Discussion

In our study population, there were consistent and signiW-
cant diVerences between the mothers’ primary method of
delivery and their social, demographic, and obstetric char-
acteristics in the secondary pregnancies. We sought to
determine whether fetal intrauterine growth patterns in the
second pregnancy diVered based on the delivery method the

Table 3 Association between method of birth in the Wrst pregnancy
and infant growth and gestational age in the second pregnancy, Mis-
souri, 1978–2005

SGA small-for-gestational age, AGA appropriate-for-gestational age,
LGA large-for-gestational age, LBW low birth weight, NBW normal
birth weight, HBW high birth weight, VPT very preterm, MPT moder-
ately preterm, Term 37 weeks
a Adjusted odds ratio, with adjustment for infant sex, maternal age,
race, BMI, educational level, marital status, smoking and alcohol use
during pregnancy, inter-pregnancy interval, adequacy of prenatal care
and history of SGA or LGA, respectively

Vaginal birth 
[n = 303,698 (%)]

Cesarean 
[n = 146,443 (%)]

AORa (95% CI)

Intrauterine growth

SGA 23,971 (7.9) 10,147 (6.9) 1.00 (0.97–1.02)

AGA 241,836 (79.6) 114,183 (78.0) 0.91 (0.89–0.92)

LGA 37,891 (12.5) 22,113 (15.1) 1.03 (1.01–1.05)

Birth weight

LBW 14,246 (4.7) 6,025 (4.1) 0.97 (0.94–1.00)

NBW 255,212 (84.0) 120,854 (82.5) 0.92 (0.91–0.94)

HBW 34,240 (11.3) 19,564 (13.4) 1.12 (1.10–1.15)

Gestational age

VPT 5,313 (1.8) 2,235 (1.5) 1.02 (0.97–1.07)

MPT 23,834 (7.9) 10,464 (7.2) 0.94 (0.92–0.97)

Term 274,551 (90.4) 133,744 (91.3) 1.05 (1.03–1.07)

Table 4 Risk of neonatal mortality and its subtypes by intrauterine growth groups for mothers with a primary cesarean section, Missouri, 1978–
2005

Referent group set as vaginal birth in the Wrst pregnancy

SGA small-for-gestational age, AGA appropriate-for-gestational age, LGA large-for-gestational age, Neonatal (0–27 days), early neonatal
(0–7 days), late neonatal (8–27 days)
a Adjusted odds ratio and badjusted hazard ratio, for infant sex, maternal age, race, BMI, educational level, marital status, smoking and alcohol
use during pregnancy, inter-pregnancy interval, and adequacy of prenatal care

Intrauterine growth 
phenotype

Mortality

Neonatal AORa (95% CI)
(n = 1,457)

Early neonatal AOR (95% CI)
(n = 1,147)

Late neonatal AHRb (95% CI)
(n = 310)

SGA (n = 31,118) 0.90 (0.72–1.11) 0.93 (0.74–1.18) 0.74 (0.43–1.27)

AGA (n = 356,019) 1.20 (1.05–1.38) 1.23 (1.05–1.43) 1.12 (0.84–1.49)

LGA (n = 60,004) 0.86 (0.52–1.41) 0.88 (0.49–1.58) 0.78 (0.30–2.08)
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mother experienced in the Wrst pregnancy. Our hypothesis
postulates that the success of fetal programming in the sec-
ond pregnancy, evidenced by the infant living beyond the
neonatal period, would be directly aVected by the mothers’
mode of delivery in the Wrst pregnancy. On the whole in our
analysis, we were able to conWrm that these relationships
were present at signiWcant levels of association.

In this study, mothers with a primary cesarean delivery
were less likely to deliver an AGA neonate in a subsequent
pregnancy, but not signiWcantly more likely to deliver an
SGA neonate. They did, however, have a higher frequency
of delivering LGA infants than women with the previous
vaginal deliveries. Although in contrast to our Wndings, a
Norwegian study of sibship births between 1967 and 2003
found that women with a primary cesarean section had an
increased risk of delivering a small-for-gestational age
infant in a subsequent pregnancy [28]. In that study, the

researchers evaluated women who had two or three preg-
nancies. For the study cohort with two pregnancies, moth-
ers with an initial cesarean section had a 30% increased risk
of delivering a SGA infant in her second pregnancy (OR
1.3, 95% CI 1.3–1.4). Mothers with three pregnancies had
approximately the same risk of their third infants being
born small-for-gestational age, regardless of whether she
had one or two previous cesarean section deliveries [28].
Previous studies in Finland [29] and Australia [30] found
similar increased risks for low birth weight, preterm birth,
and SGA among second or third gestation infants when the
mother experienced a primary cesarean delivery.

Further, we sought to determine whether there were
increased risks of early death to successive infants with a
maternal history of cesarean section deliveries. With the
exception of AGA infants having an increased risk of
neonatal and early neonatal mortality, we did not Wnd a

Table 5 Risk of neonatal mortality and its subtypes by intrauterine growth groups for mothers delivering with a primary cesarean section,
Missouri, 1978–2005

Referent group set as primary vaginal births

Adjusted odds ratio (AOR) and adjusted hazard ratio (AHR), with adjustment for infant sex, maternal age, race, BMI, educational level, marital
status, smoking and alcohol use during pregnancy, inter-pregnancy interval, and adequacy of prenatal care

SGA small-for-gestational age, AGA appropriate-for-gestational age, LGA large-for-gestational age
a Term (37 + weeks), very preterm (<33 weeks), moderately preterm (33–36 weeks)
b Neonatal (0–27 days), early neonatal (0–7 days), late neonatal (8–27 days)
c Results not reported due to lack of convergence of data

Growth phenotype and 
gestational agea

Method of delivery 
in 2nd pregnancy

Neonatal mortalityb 
AOR (95% CI)

Early neonatal mortality
AOR (95% CI)

Late neonatal mortality 
AHR (95% CI)

SGA

Term 
(n = 30,778)

Vaginal Referent Referent Referent 

C-section 0.33 (0.24–0.45) 0.31 (0.22–0.44) 0.43 (0.22–0.84)

Moderately preterm 
(n = 2,702)

Vaginal Referent Referent Referent 

C-section 1.48 (0.93–2.37) 1.40 (0.83–2.36) 1.91 (0.69–5.28)

Very preterm 
(n = 628)

Vaginal Referent Referent Referent 

C-section 24.73 (17.76–34.43) 27.91 (19.79–39.37) 8.73 (3.12–24.43)

AGA

Term 
(n = 324,224)

Vaginal Referent Referent Referent 

C-section 0.27 (0.21–0.33) 0.24 (0.19–0.31) 0.36 (0.24–0.54)

Moderately preterm 
(n = 26,996)

Vaginal Referent Referent Referent 

C-section 1.33 (0.94–1.88) 1.21 (0.81–1.82) 1.73 (0.92–3.28)

Very preterm 
(n = 4,779)

Vaginal Referent Referent Referent 

C-section 71.30 (60.33–84.24) 76.87 (64.03–92.28) 45.18 (31.26–65.29)

LGA

Term 
(n = 53,263)

Vaginal Referent Referent Referent 

C-section 0.45 (0.24–0.85) 0.42 (0.20–0.90) 0.55 (0.18–1.67)

Moderately preterm 
(n = 4,600)

Vaginal Referent Referent Referent

C-section 0.85 (0.21–3.48) 1.14 (0.28–4.70) –c

Very preterm 
(n = 2,141)

Vaginal Referent Referent Referent 

C-section 8.24 (3.87–17.58) 7.84 (3.32–18.51) 9.56 (2.01–45.58)
123



Arch Gynecol Obstet (2011) 284:319–326 325
signiWcantly increased risk of death after primary cesarean
section for the other fetal growth phenotypes.

We further analyzed the data based on the gestational
age of the neonate. For all gestational growth phenotypes,
infants born at term and whose mothers had a prior c-sec-
tion delivery demonstrated a reduced risk of mortality.
Conversely, almost all neonates born prematurely were at
a signiWcantly higher risk of neonatal death. The increased
risk of mortality remained consistent across intrauterine
growth phenotypes, but was highest among AGA neo-
nates. These results support the results of our previous
study which demonstrated that preterm SGA neonates
have a signiWcantly increased risk of neonatal death as
compared to term, non-SGA infants (OR 17.4, 95% CI
17.0–17.7) [31]. In an additional study, we sought to deter-
mine whether previous cesarean delivery was a signiWcant
risk factor for stillbirth in subsequent pregnancies.
Although our analysis in that study did not show an overall
increased risk of stillbirth based on the mother’s prior
mode of delivery (P = 0.2), when the analysis was strati-
Wed by maternal race, Black mothers with a previous pri-
mary cesarean section delivery showed a 40% increased
likelihood for stillbirth in the second pregnancy (OR 1.40,
95% CI 1.1–1.7) [31].

Studies have reported that increased placental dysfunc-
tion, including placenta previa and placenta abruption, are
possible after an initial cesarean section [32, 33]. These
relationships could potentially be the link that explains the
relationship evidenced between previous cesarean delivery
and the increased risk of neonatal mortality. These are
important associations of note, considering the increasing
frequency of primary elective cesarean sections in the
United States. With the realization that initial cesarean sec-
tions will likely lead to subsequent sections, it is important
to recognize the potential for immediate and long-term
eVects of choosing a cesarean section, especially when the
need is not absolutely necessary.

In this study, although we collected data on the subset of
women with recorded common maternal obstetric and med-
ical complications, one limitation of our study is that, due
to the nature of the database, we did not consider the under-
lying reasons for maternal cesarean section in Wrst delivery
or the cause for subsequent neonatal deaths for individual
records. Previous studies [34, 35] have shown that the use
of customized growth curves, which can account for varia-
tions inherent to a particular maternal characteristics, such
as ethnicity and parity, provides more precise measure-
ments and classiWcation of intrauterine growth phenotypes.
In the present study, we used population-based growth
curves to classify the phenotypes. As such, some infants
could have been placed into categories that would have
been more accurately assigned had we used customized
growth curves. In addition, without information regarding

the indication for cesarean delivery (whether elective or
medically necessary), we were not able to determine the
exact reason for each cesarean section. However, we were
able to examine the overall impact of maternal medical
complications on neonatal deaths in subsequent pregnan-
cies and including these variables as potential covariates in
our model did not alter the estimates; thus providing evi-
dence that factors other than obstetric complications may
have a signiWcant inXuence on fetal/infant outcomes in sub-
sequent pregnancies.

One strength of our study is the access to a relatively
large sample size and the ability to control for a number of
factors that could have confounded our results. In addition,
by including only women with two subsequent deliveries,
we controlled for the potentially confounding factors asso-
ciated with multiple previous cesarean sections, although
this may not be a signiWcant contributory factor. Dalveit
et al. [28] used the Norwegian birth records for Wrst, sec-
ond, and third pregnancies and analyzed whether method of
delivery signiWcantly contributed to maternal complica-
tions, such as placenta previa and preeclampsia. Among
women experiencing a third birth, the risk of development
of many complications for women with two previous sec-
tions remained the same as, or lower than, that among
women who had only one prior cesarean section. An addi-
tional strength of this study is the population-based design
which enhances the external validity of our Wndings and
reduces the risk of bias arising from sample selection, a
source of concern in data derived from individual health
facilities.

In summary, we found that mothers with a primary
cesarean delivery were less likely to deliver an neonate in a
subsequent pregnancy and had a higher frequency of deliv-
ering LGA infants than women with previous vaginal deliv-
eries. AGA infants delivered to mothers with a history of
c-section exhibited an increased risk of neonatal and early
neonatal mortality, whereas other fetal growth phenotypes
did not show an increased risk of death after primary cesarean
section. Future prospective studies are needed to conWrm
these Wndings.
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