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Term cesarean delivery in the first pregnancy is not
associated with an increased risk for preterm delivery in
the subsequent pregnancy
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BACKGROUND: Prior studies have reported an increased risk for status in 222 (19.4%), breech presentation in 100 (8.8%), and other in 84
preterm delivery following a term cesarean delivery. However, these

studies did not adjust for high-risk conditions related to the first cesarean

delivery and are known to recur.

OBJECTIVE: The objective of the study was to determine whether there
is an association between term cesarean delivery in the first pregnancy

and subsequent spontaneous or indicated preterm delivery.

STUDY DESIGN: This was a retrospective cohort study of women with
the first 2 consecutive singleton deliveries (2007e2014) identified

through a linked pregnancy database at a single institution. Women with a

first pregnancy that resulted in cesarean delivery at term were compared

with women whose first pregnancy resulted in a vaginal delivery at term.

Exclusion criteria were known to recur medical or obstetrical complications

during the first pregnancy. A propensity score analysis was performed by

matching women who underwent a cesarean delivery with those who

underwent a vaginal delivery in the first pregnancy. The association be-

tween cesarean delivery in the first pregnancy and preterm delivery in the

second pregnancy in this matched set was examined using conditional

logistic regression. The primary outcome was overall preterm delivery

<37 weeks in the second pregnancy. Secondary outcomes included type

of preterm delivery (spontaneous vs indicated), late preterm delivery

(34e36 6/7 weeks), early preterm delivery (<34 weeks), and small-for-

gestational-age birth.

RESULTS: Of a total of 6456 linked pregnancies, 2284 deliveries were
matched; 1142 were preceded by cesarean delivery and 1142 were

preceded by vaginal delivery. The main indications for cesarean delivery in

the first pregnancy were dystocia in 703 (61.5%), nonreassuring fetal
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(7.4%). The mean (SD) gestational ages at delivery for the second preg-

nancy was 38.8 (1.8) and 38.9 (1.7) weeks, respectively, for prior ce-

sarean delivery and vaginal delivery. The risks of preterm delivery in the

second pregnancy among women with a previous cesarean and vaginal

delivery were 6.0% and 5.2%, respectively (adjusted odds ratio, 1.46,

95% confidence interval, [CI] 0.77e2.76). In an analysis stratified by the
type of preterm delivery in the second pregnancy, no associations were

seen between cesarean delivery in the first pregnancy and spontaneous

preterm delivery (4.6% vs 3.9%; adjusted odds ratio, 1.40, 95% confi-

dence interval, 0.59e3.32) or indicated preterm delivery (1.6% vs 1.4%;

adjusted odds ratio, 1.21, 95% confidence interval, 0.60e2.46). Simi-
larly, no significant differences were found in late preterm delivery (4.6%

vs 4.1%; adjusted odds ratio, 1.13, 95% confidence interval, 0.55e2.29),
early preterm delivery (1.6% vs 1.2%; adjusted odds ratio, 1.25, 95%

confidence interval, 0.59e2.67), or neonates with birthweight less than
the fifth percentile for gestational age (3.6% vs 2.2%; adjusted odds ratio,

1.26, 95% confidence interval, 0.52e3.06).
CONCLUSION: After robust adjustment for confounders through a

propensity score analysis related to the indication for the first cesarean

delivery at term, cesarean delivery is not associated with an increase in

preterm delivery, spontaneous or indicated, in the subsequent

pregnancy.

Key words: linked pregnancies, mode of delivery, obstetric complica-
tions, prematurity, preterm birth, propensity score analysis, small for

gestational age, subsequent delivery, vaginal delivery
ver the last 2 decades, there has
O been a dramatic rise in all cesarean
deliveries, particularly primary cesarean
deliveries, with decreasing rates of
vaginal birth after cesarean.1 In the
United States from 1996 to 2012, there
was a rise in cesarean deliveries from
20.7% to 32.8%,2 and as of 2017, the rate
remains at 31.9%.3

Significant regional variations are
observed, with some communities
reporting cesarean delivery rates as high
as 65%.4 A disturbing observation is that
following cesarean delivery, studies have
suggested the possibility that these
women have an increased risk of subse-
quent preterm delivery.5e21

A previous population-based cohort
study that examined multiple adverse
outcomes in second singleton births
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found an increased risk of preterm de-
livery less than 37 weeks in pregnancies
preceded by cesarean delivery compared
with vaginal delivery (5.6% vs 4.65%;
adjusted odds ratio [aOR], 1.17, 95%
confidence interval [CI], 1.04e1.31) but
did not differentiate between sponta-
neous vs indicated preterm delivery.5

This increased risk of preterm delivery
could theoretically be driven by an in-
crease in placental implantation abnor-
malities (placenta previa, placenta
accreta, vasa previa, and velamentous
cord insertion), which result in indicated
preterm delivery to prevent the increased
rican Journal of Obstetrics & Gynecology 61.e1
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Why was this study conducted?
To determine the extent of the association between term cesarean delivery and
preterm delivery in the subsequent pregnancy.

Key findings
In a cohort of women without medical or obstetric complications predisposing to
preterm delivery and whose first pregnancy resulted in a term cesarean delivery,
there is no increased risk of spontaneous or indicated preterm delivery in the
subsequent pregnancy as compared with women whose first pregnancy resulted
in vaginal delivery.

What does this add to what is known?
Previous studies have found a link between a first cesarean delivery and subse-
quent preterm delivery, but this may be a result of failing to adjust for con-
founding variables.
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risk of maternal and fetal complica-
tions.6-15 In fact, placental implantation
abnormalities, which are more common
after multiple cesareans, may be impli-
cated in as many as 8e9% of indicated
preterm deliveries.16

In addition to the increased risk for
indicated preterm delivery because of
placental implantation abnormalities, the
cesarean delivery itself may carry an
inherent risk for spontaneous preterm
delivery. The multifactorial nature of
spontaneous preterm delivery is well
documented.17e26 It appears that a pro-
longed second stage,17 or more specif-
ically a cesarean during the second stage
of labor,18 may be associated with an
increased risk of subsequent spontaneous
preterm delivery. Possible mechanisms
include prolonged pressure of the fetal
head against a completely dilated cervix,
incisional disruption of the muscular
body of the internal cervical os, and cer-
vical lacerations or extensions during ce-
sarean in the second stage of labor. The
aforementioned factors alone or in com-
bination may lead to structural cervical
damage, thus predisposing to subsequent
spontaneous preterm delivery.19e21

If indeed there is a quantifiable risk for
preterm delivery after a term singleton
cesarean delivery, this would be valuable
information in the shared decision
making and informed consent process
between patient and provider. Therefore,
the objective of our study was to deter-
mine the association between term
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cesarean delivery in the first pregnancy
in women with no obstetrical or medical
complications, known to recur in sub-
sequent pregnancies, and preterm de-
livery in the second pregnancy.

Materials and Methods
This was a retrospective cohort study of
women with the first 2 consecutive
singleton deliveries at the Christiana
Care Health System (Newark, DE) from
2007 through 2014. Data were derived
through a linked pregnancy database
containing maternal demographic char-
acteristics, obstetrical factors, and labor
and delivery outcomes. This longitudi-
nal database is completed as part of a
concurrent obstetrical registry and has
previously been validated.27

Ethics review committees of local
institutional review boards at both
Christiana Care Health System and
Columbia University Medical Center
(New York, NY) approved the protocol,
and data were obtained through a data
use agreement. This study was developed
in conjunction with the Perinatal
Research Consortium (http://
perinatalresearchconsortium.org),
which comprises 10 medical centers
devoted to perinatal research.
Women with a first pregnancy that

resulted in cesarean delivery at term as
defined by greater than 370/7 weeks’
gestation were compared with women
whose first pregnancy resulted in vaginal
delivery at term for outcomes in the
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second pregnancy. Inclusion criteria
were singleton, low-risk gestations at
term without medical or obstetrical
complications that are known to recur
such as gestational or pregestational
diabetes, gestational hypertension, pre-
eclampsia, placental abruption, preterm
delivery, intrauterine growth restriction,
or low birthweight, all in the first preg-
nancy. Patients with controlled chronic
hypertension who did not develop pre-
eclampsia were not excluded. Exclusion
criteria were also multiple gestations and
any other factors in the first pregnancy
predisposing to preterm delivery.

Statistical analysis
To minimize bias because of confound-
ing, the strategyof analysiswas to perform
a propensity score analysis by matching
women who underwent a cesarean de-
liverywith thosewhounderwent a vaginal
delivery in the first pregnancy. Propensity
score matching is used for observational
data to estimate the effect of a treatment
by accounting for the covariates that
predict receiving the treatment.

Matching was based on risk factors
after the exclusion of the aforemen-
tioned high-risk conditions known to
recur. These matched risk factors
included maternal age, maternal race/
ethnicity, height, weight, smoking status,
epidural use, presence of labor, labor
induction, and epidural use, and chronic
hypertension as well as all possible 2-way
interactions among these risk factors.

The 2-way interaction term evaluates
whether the joint effect of 2 factors is
associated with the outcome more so
than the effects of the 2 factors consid-
ered independently. In this study, the
importance of 2-way interaction terms
was evaluated based on the likelihood
ratio test in a contrast of 2 nested
models: one with and the other without
the 2-way interaction term.

If the interaction term had a value of P
> .15, the variable was removed. In a
similar fashion, each of the interaction
terms was tested, one at a time. The 2
main effects involved in a significant
interaction were retained in the final
model, regardless of their association
with cesarean delivery. The fit of the lo-
gistic regression model was evaluated
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FIGURE 1
Patient selection flow chart
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based on the Hosmer-Lemeshow good-
ness-of-fit test. This test evaluates the
extent to which the model-predicted
probability of the outcome provides
good approximation to the observed
FIGURE 2
Distribution of propensity scores

ahanian et al. Cesarean delivery and subsequent preterm delivery. Am J Obstet Gynecol 2019.
V
data; a large P value indicates a good fit of
the model to the data.
Once the final model was derived, the

conditional probability of cesarean de-
livery was estimated (ie, propensity
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score). Using these propensity scores, a
1:1 matched cohort of womenwho had a
vaginal delivery in the first pregnancy
was identified, with the matching based
on the 5-to-1 greedy match algorithm.28

This algorithm considers the predicted
probability of cesarean delivery for every
subject and identifies subjects whose
predicted probability of vaginal delivery is
the same (as that of cesarean delivery) up
to the fifth decimal as a match. Once all
matches are identified up to the fifth
decimal precision, the algorithm iden-
tifies matches at the fourth decimal of
precision in the next round. This process
continues until no additionalmatches can
be found at 1 decimal precision. In this
algorithm, all women who underwent a
cesarean delivery were successfully
matched to women who underwent a
vaginal delivery in the first pregnancy.

Outcomes
The association between cesarean de-
livery in the first pregnancy and preterm
delivery in the second pregnancy in this
matched set was examined using a
conditional logistic regression. The
primary outcome was preterm delivery
at less than 37 weeks’ gestation. In a
subanalysis, the risks of both sponta-
neous and indicated preterm delivery in
the second pregnancy were examined.
Secondary outcomes also included
late preterm delivery (between 340/7 and
366/7 weeks’ gestation), early preterm
delivery (<34 weeks’ gestation), and
small-for-gestational-age births (birth-
weight less than the fifth percentile). The
norms used to define the birthweight-
for-gestational-age standards were
based on those of Oken et al.29

Results
Of the initial cohort of 6456 linked
pregnancies, the following categories
were sequentially excluded: incorrect
parity assignment (n ¼ 12); women with
an elective cesarean or a vaginal birth after
a previous cesarean delivery in the first
pregnancy (n¼ 17);multiple births in the
first pregnancy (n ¼ 49); gestational
age <37 weeks in the first pregnancy
(n¼ 559); any high-risk condition in the
first pregnancy, including placental
abruption, gestational hypertension,
rican Journal of Obstetrics & Gynecology 61.e3

http://www.AJOG.org


TABLE 1
Characteristics of women whose first pregnancy resulted in a vaginal
delivery or cesarean delivery

Maternal characteristics in first pregnancy
Vaginal delivery
(n ¼ 1142), n, %

Cesarean delivery
(n ¼ 1142), n, %

Maternal age, ya 27.5 (5.4) 27.6 (5.5)

Maternal race/ethnicity

White 778 (68.1) 770 (67.4)

African American 196 (17.2) 203 (17.8)

Hispanic 99 (8.7) 93 (8.2)

Asian 45 (3.9) 47 (4.1)

Other 24 (2.1) 29 (2.5)

Smoking during pregnancy 121 (10.6) 125 (10.9)

Height, inchesa 63.9 (2.9) 63.9 (2.8)

Weight, lbsa 189.6 (37.1) 189.5 (36.8)

Elective delivery 184 (16.1) 156 (13.7)

Epidural use 966 (84.6) 963 (84.3)

Induction of labor 508 (44.4) 530 (46.4)

Spontaneous onset of labor 1053 (92.2) 1067 (93.4)

Rupture of membranes 39 (3.4) 39 (3.4)

Chronic hypertension 27 (2.3) 26 (2.3)
a Data are presented as mean (SD).

Vahanian et al. Cesarean delivery and subsequent preterm delivery. Am J Obstet Gynecol 2019.

TABLE 2
Indications for cesarean delivery in the first pregnancy

Indication for cesarean Frequency (n¼1,142) n (%)

Dystocia 703 (61.5)

Nonreassuring fetal status 222 (19.4)

Breech presentation 100 (8.8)

Other 84 (7.4)

Information unavailable 33 (2.9)

Vahanian et al. Cesarean delivery and subsequent preterm delivery. Am J Obstet Gynecol 2019.
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pregestational or gestational diabetes, or
small-for-gestational-age birth (n¼ 924);
or if the gestational age at delivery in the
second pregnancy was <20 weeks (n ¼
4). After all exclusions, 4891 pregnancies
remained (Figure 1).

Propensity score analysis
Of the 4891 eligible pregnancies, a pro-
pensity score prediction model for term
cesarean delivery in the first pregnancy
was developed. This model included the
following covariates in the first preg-
nancy that were found to be associated
with the odds of cesarean delivery:
gestational age in each week (modeled as
a categorical variable), maternal age
(modeled as a continuous variable),
maternal race/ethnicity (coded as white,
African American, Hispanic, Asian, and
other race), smoking during pregnancy,
chronic hypertension, spontaneous
onset of labor, labor induction, epidural
anesthesia use, rupture of membranes,
prepregnancy weight, prepregnancy
weight squared (modeled as a quadratic
function), and height and height squared
(modeled as a quadratic function).

In addition, the model also included
the following 6 2-way interaction terms
(all with P < .15): maternal race/
ethnicity by smoking during pregnancy,
chronic hypertension by labor induc-
tion, gestational age by spontaneous
onset of labor, gestational age by labor
induction, spontaneous onset of labor by
labor induction, and epidural anesthesia
use by labor induction. The Hosmer-
Lemeshow goodness of fit of the model
demonstrated an excellent fit (P ¼ .841).
The distribution of propensity scores
amongwomenwith cesarean and vaginal
deliveries is shown in Figure 2.

Maternal age and gestational age were
examined for potential nonlinear asso-
ciations with cesarean delivery, and it
was found that these variables did not
demonstrate any nonlinear associations
with the odds of cesarean delivery.
Therefore, a single linear term for
maternal age was included, and gesta-
tional age as a categorical variable was
modeled.

Once the model was fit, the predicted
probabilities of cesarean delivery (ie,
propensity score) were extracted for
61.e4 American Journal of Obstetrics & Gynecolo
every subject, and an algorithm tomatch
subjects who underwent cesarean and
vaginal deliveries in the first pregnancy
were applied.28 We successfully matched
1142 pregnancies that were delivered by
cesarean to 1142 that were delivered
vaginally in the first pregnancy. Hence,
all analyses were based on 1142 matched
sets (Figure 1).
Maternal characteristics of women

whose first pregnancy resulted in vaginal
delivery vs cesarean delivery are listed in
gy JULY 2019
Table 1. As expected, the distributions of
maternal and obstetrical characteristics
were similar between the vaginal and
cesarean delivery groups in the first
pregnancy. Of the women who under-
went cesarean delivery in the first preg-
nancy, indications for cesarean delivery
are listed in Table 2. Recurring maternal
medical complications or obstetrical
complications predisposing to preterm
delivery had previously been excluded.
As such, the majority of cesarean
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TABLE 3
Association between cesarean delivery in the first pregnancy and preterm delivery in the second pregnancy

Preterm delivery in second pregnancy

Mode of delivery in the first pregnancy

Propensity score matched
odds ratio (95% confidence interval)

Vaginal (n ¼ 1142),
n, %

Cesarean (n ¼ 1142),
n, %

Gestational age at delivery, wksa 38.9 (1.7) 38.8 (1.8) P ¼ .512

Preterm delivery <37 weeks 59 (5.2) 69 (6.0) 1.46 (0.77e2.76)

Spontaneous preterm delivery 44 (3.9) 52 (4.6) 1.40 (0.59e3.32)

Indicated preterm delivery 15 (1.4) 17 (1.6) 1.21 (0.60e2.46)

Preterm delivery 34e36 wks 46 (4.1) 52 (4.6) 1.13 (0.55e2.29)

Preterm delivery <34 wks 13 (1.2) 17 (1.6) 1.25 (0.59e2.67)

Small-for-gestational-age births

Birthweight <5th percentile 24 (2.2) 39 (3.6) 1.26 (0.52e3.06)
a Data are presented as mean (SD).

Vahanian et al. Cesarean delivery and subsequent preterm delivery. Am J Obstet Gynecol 2019.
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deliveries were for dystocia (n ¼ 703;
61.5%), fetal distress (n ¼ 222; 19.4%),
and breech presentation (n ¼ 100;
8.8%).

Outcomes are listed in Table 3. The
mean gestational age at delivery for the
second pregnancy was 38.9 (1.7) weeks
for prior vaginal delivery and 38.8 (1.8)
weeks for prior cesarean delivery,
respectively. There was no difference in
the odds of preterm delivery at <37
weeks in the cesarean delivery group
(6.0% vs 5.2%; aOR, 1.46, 95% CI,
0.77e2.76) as well as with both sponta-
neous (4.6% vs 3.9%; aOR, 1.40, 95%
CI, 0.59e3.32) and indicated (1.6% vs
1.4%; aOR, 1.21, 95% CI, 0.60e2.46)
preterm deliveries.

Additionally, there was no difference
in the odds of late preterm delivery be-
tween 34 and 36 weeks (4.6% vs 4.1%;
aOR, 1.13, 95% CI, 0.55e2.29), early
preterm delivery less than 34 weeks
(1.6% vs 1.2%; aOR, 1.25, 95% CI,
0.59e2.67), or neonates with birth-
weight less than the percentile for
gestational age (3.6% vs 2.2%; aOR,
1.26, 95% CI, 0.52e3.06).

Comment
Principal findings
In a cohort of women without medical
or obstetrical complications predispos-
ing to prematurity and whose first
pregnancy resulted in a term cesarean
delivery, there is no increased risk of
overall preterm delivery, either sponta-
neous or indicated, at less than 37 weeks,
34e36 weeks, or less than 34 weeks’
gestation in the subsequent pregnancy,
as compared with women whose first
pregnancy resulted in vaginal delivery.
Also, there was no increase in the rate of
neonates with birthweight less than the
fifth percentile in the subsequent preg-
nancy among those who had a prior
term cesarean delivery.

Clinical implications/interpretation
of the findings
Our findings suggest that women un-
dergoing primary cesarean delivery at
term in an otherwise low-risk pregnancy
without predisposing medical or ob-
stetric complications are not at increased
risk for preterm delivery in the subse-
quent pregnancy.
This study adds to the literature on the

risks associated with term cesarean de-
livery and can assist providers in better
counseling patients regarding primary
cesarean deliveries. In comparison with
other studies, Kennare et al5 reported
that second, singleton births were at
increased risk of placenta previa (odds
ratio [OR], 1.66, 95% CI, 1.30e2.11),
placenta accreta (OR, 18.79, 95% CI
2.28e864.6), and preterm delivery (OR,
1.17, 95% CI, 1.04e1.31). They
concluded that the number of primary
cesareans needed to produce 1 additional
adverse outcome (preterm birth) is 134.
JULY 2019 Ame
With the rising number of cesarean
deliveries, the potential contribution to
prematurity becomes clinically very sig-
nificant. However, as previously stated,
this analysis did not differentiate be-
tween spontaneous vs indicated preterm
delivery and was not adjusted for high-
risk conditions that may have predis-
posed for cesarean delivery in the first
birth, and pregnancies were not longi-
tudinally linked.

In our study after robust adjustment
for confounders and using a propensity-
matched score analysis, we did not find a
statistically significant risk for preterm
delivery after a term cesarean. In another
study, Wood et al18 reported that term
cesarean delivery in the second stage of
labor was associated with a subsequent
increased risk of preterm delivery at less
than 37 weeks (relative risk, 1.57, 95%
CI, 1.43e1.73) and less than 32 weeks’
gestation (relative risk, 2.12, 95% CI,
1.67e2.68) compared with vaginal de-
livery in a cohort of matched first and
second births.

This finding could not be confirmed
by Levine and Srinivas, 21 who evaluated
the effect of the length of the second
stage of labor on the risk of subsequent
preterm birth. While the absolute risk of
spontaneous preterm birth in a subse-
quent pregnancy after a term cesarean
delivery with a prolonged second stage of
labor �3 hours was twice as high as the
risk of spontaneous preterm birth after
rican Journal of Obstetrics & Gynecology 61.e5
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vaginal delivery with a prolonged second
stage, the results were not statistically
significant (aOR, 2.08, 95% CI,
0.32e13.78). However, this could be the
result of type II error.

In a more recent study published after
the completion of our study, Quiñones
et al17 reported an 81% increased risk of
spontaneous preterm delivery in a sub-
sequent pregnancy if there was a pro-
longed second stage of labor�3 hours in
the first term pregnancy, with the highest
risk seen in women who underwent a
second-stage cesarean delivery (hazard
ratio, 3.39; 95% CI, 1.09e10.49).

The latter 3 studies suggest that we
need larger studies to determine whether
prolonged second-stage or cesarean de-
livery in the second stage of labor are
associated with increased preterm de-
livery rate in the subsequent pregnancy.
In our study, our available data did not
distinguish the stage of labor during
which the cesarean was performed in the
first pregnancy, so we were not able to
conduct such an analysis.

Strengths of the study
The strengths of this study include the
following: (1) the large number of pa-
tients; (2) access to a linked pregnancy
database that allowed us to follow up
successive pregnancies and births to the
same woman; (3) robust exclusion of
recurring high-risk conditions associ-
ated with the first cesarean delivery; and
(4) a propensity score perfectly matched
design analysis (see Figure 2), adjusting
for temporally invariant confounders
and additional risk factors remaining
after the exclusion of the high-risk con-
ditions of the first cesarean delivery.

Limitations of the data
This study also has a few limitations that
must be taken into account. First, we
excluded several subjects in the process
of matching of the cohort groups in the
propensity score analytic methodology.
Second, the tight matching of subjects
based on the mode of delivery in the first
pregnancy resulted in reduced sample
size, and this may have resulted in low
statistical power to detect associations
between the mode of delivery in the first
pregnancy and preterm delivery or any
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of our secondary outcomes in the second
pregnancy. Of note, Kennare et al5 had
twice the sample size of our study, but
both studies demonstrate a similar
trending aOR with overlapping confi-
dence intervals, making type II error a
possibility. Because our study has large
numbers, if there is a link between a
cesarean delivery and subsequent preg-
nancy outcomes, like those that we
examined, this is most likely not clini-
cally significant.

Conclusion and future research
implications
After robust adjustment for confounders
related to the indication for the first ce-
sarean delivery, we found that cesarean
delivery does not increase the risk of
overall preterm delivery, as well as
spontaneous or indicated, in a subse-
quent pregnancy. There does not
currently appear to be an increased risk
of preterm delivery inherent to the ce-
sarean delivery itself. However, patients
should be counseled regarding the
increased risk of placental implantation
abnormalities, which usually occurs after
more than 1 cesarean in prior pregnan-
cies. The patients in our study had only 1
cesarean and thus can explain the lack of
association with subsequent indicated
preterm delivery because of placental
implantation abnormalities. Addition-
ally, with the increasing number of
studies revealing associations between
second-stage cesarean deliveries and
subsequent preterm birth,18-20 future
directions focusing on these specific
subsets of patients may help elucidate
this association further. n

References

1. American College of Obstetricians and Gy-
necologists. Safe prevention of the primary ce-
sarean delivery. Obstetric Care Consensus No.
1. Obstet Gynecol 2014;123:693–711.
2.Martin JA, Hamilton BE, Osterman MJ,
Curtin SC, Mathews TJ. Births: final data for
2012. Natl Vital Stat Rep 2013;62:1–68.
3.Martin JA, Hamilton BE, Osterman MJ,
Driscoll AK, Drake P. Births: final data for 2016.
Natl Vital Stat Rep 2018;67:1–55.
4. Little SE, Orav EJ, Robinson JN, CaugheyAB,
Jha AK. The relationship between variations in
cesarean delivery and regional health care use in
the United States. Am J Obstet Gynecol
2016;214:735.e1–8.
gy JULY 2019
5. KennareR, TuckerG,HeardA,ChanA.Risks of
adverse outcomes in the next birth after a first ce-
sarean delivery. Obstet Gynecol 2007;109:270–6.
6. Vahanian SA, Lavery JA, Ananth CV,
Vintzileos AM. Placental implantation abnor-
malities and risk of pretermdelivery: a systematic
review and meta-analysis. Am J Obstet Gynecol
2015;213:S78–90.
7. Creanga AA, Bateman BT, Butwick AJ, et al.
Morbidity associated with cesarean delivery in
the United States: is placenta accreta an
increasing important contributor? Am J Obstet
Gynecol 2015;213:384.e1–11.
8. Spong CY, Mercer BM, D’Alton M,
Kilpatrick S, Blackwell S, Saade G. Timing of
indicated late-preterm and early-term birth.
Obstet Gynecol 2011;118:323–33.
9. Oyelese Y, Catanzarite V, Prefumo F, et al.
Vasa previa: the impact of prenatal diagnosis on
outcomes. Obstet Gynecol 2004;103(5 Pt 1):
937–42.
10. Oyelese Y, Smulian JC. Placenta previa,
placenta accreta, and vasa previa. Obstet
Gynecol 2006;107:927–41.
11. Society of Gynecologic Oncology, American
College of Obstetricians and Gynecologists, and
the Society for Maternal-Fetal Medicine,
Cahill AG, et al. Placenta accreta spectrum. Am
J Obstet Gynecol 2018;219:B2–16.
12. Clark Sl, Garite TJ, Hamilton EF, Belfort MA,
Hankins GD. “Doing something” about the ce-
sarean delivery rate. Am J Obstet Gynecol
2018;219:267–71.
13. Marcellin L, Delorme P, Bonnet MP, et al.
Placenta percreta is associated with more
frequent severe maternal morbidity than
placenta accreta. Am J Obstet Gynecol
2018;219:193.e1–9.
14. Melcer Y, Jauniaux E, Maymon S, et al.
Impact of targeted scanning protocols on peri-
natal outcomes in pregnancies at risk of
placenta accreta spectrum or vasa previa. Am J
Obstet Gynecol 2018;218:443.e1–8.
15. Jauniaux E, Collins S, Burton GJ. Placenta
accreta spectrum: pathophysiology and
evidence-based anatomy for prenatal ultrasound
imaging. Am J Obstet Gynecol 2018;218:75–87.
16. Ananth CV, Vintzileos AM. Maternal-fetal
conditions necessitating a medical intervention
resulting in preterm birth. Am J Obstet Gynecol
2006;195:1557–63.
17. Quiñones JN, Gómez D, Hoffman MK, et al.
Length of the second stage of labor and preterm
delivery risk in the subsequent pregnancy. Am J
Obstet Gynecol 2018;219:467.e1–8.
18.Wood S, Tang S, Crawford S. Cesarean
delivery in the second stage of labor and the risk
of subsequent premature birth. Am J Obstet
Gynecol 2017;217:63.e1–10.
19. Berghella V, Gimovsky AC, Levine LD,
Vink J. Cesarean in the second stage: a possible
risk factor for subsequent spontaneous preterm
birth. Am J Obstet Gynecol 2017;217:1–3.
20.Watson HA, Ridout A, Shennan AH. Second
stage cesarean as risk factor for preterm birth:
how to manage subsequent pregnancies? Am J
Obstet Gynecol 2018;218:367–8.

http://refhub.elsevier.com/S0002-9378(19)30388-6/sref1
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref1
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref1
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref1
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref2
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref2
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref2
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref3
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref3
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref3
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref4
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref4
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref4
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref4
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref4
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref5
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref5
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref5
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref6
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref6
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref6
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref6
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref6
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref7
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref7
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref7
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref7
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref7
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref8
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref8
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref8
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref8
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref9
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref9
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref9
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref9
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref10
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref10
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref10
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref11
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref11
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref11
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref11
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref11
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref12
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref12
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref12
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref12
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref13
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref13
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref13
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref13
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref13
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref14
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref14
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref14
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref14
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref14
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref15
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref15
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref15
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref15
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref16
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref16
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref16
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref16
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref17
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref17
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref17
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref17
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref18
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref18
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref18
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref18
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref19
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref19
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref19
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref19
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref20
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref20
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref20
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref20
http://www.AJOG.org


ajog.org OBSTETRICS Original Research
21. Levine LD, Srinivas SK. Length of second
stage of labor and preterm birth in a subsequent
pregnancy. Am J Obstet Gynecol 2016;214:535.
e1–4.
22. Smid MC, Lee JH, Grant JH, et al. Maternal
race and intergenerational preterm birth recur-
rence. Am J Obstet Gynecol 2017;217:480.
e1–9.
23. Paquette AG, Shynlova O, Kibschull M,
Price ND, Lye SJ. Global Alliance to Prevent Pre-
maturity and Stillbirth Systems Biology of Preterm
Birth Team. Comparative analysis of gene
expression in maternal peripheral blood and
monocytes during spontaneous preterm labor.
Am J Obstet Gynecol 2018;218:345.e1–30.
24. Strauss JF 3rd, RomeroR, Gomez-LopezN,
et al. Spontaneous preterm birth: advances to-
ward the discovery of genetic predisposition.
Am J Obstet Gynecol 2018;218:294–314.e2.
25. Bustos ML, Caritis SN, Jablonski KA, et al.
Eunice Kennedy Shriver National Institute of
Child Health and Human Development
Maternal-Fetal Medicine Units Network. The
association among cytochrome P450 3A,
progesterone receptor polymorphisms,
plasma 17-alpha hydroxyprogesterone cap-
roate concentrations, and spontaneous pre-
term birth. Am J Obstet Gynecol 2017;217:
369.e1–9.
26. Stout MJ, Zhou Y, Wylie KM, Tarr PI,
Macones GA, Tuuli MG. Early pregnancy vaginal
microbiome trends and preterm birth. Am J
Obstet Gynecol 2017;217:356.e1–18.
27. Zhang J, Troendle J, Reddy UM, et al, for the
Consortium on Safe Labor. Contemporary ce-
sarean delivery practice in the United States. Am
J Obstet Gynecol 2010;203:326.e1–10.
28. Parsons LS. Reducing bias in a propensity
score matched-pair sample using greedy
matching techniques (paper 214-26). In: Pre-
sented at the Twenty-Sixth Annual SAS Users
Group International Conference. Cary, NC: SAS
Institute Inc; 2001.
29. Oken E, Kleinman KP, Rich-Edwards J,
Gillman MW. A nearly continuous measure of
birth weight for gestational age using a United
States national reference. BMC Pediatr
2003;3:6.

Author and article information
From the Department of Obstetrics and Gynecology, NYU

Winthrop Hospital, NYU Long Island School of Medicine,

Mineola (Drs Vahanian, Kinzler, and Vintzileos), Depart-

ment of Health Policy and Management, Joseph L.

Mailman School of Public Health, Columbia University,

New York (Dr Ananth), the Department of Obstetrics and

Gynecology, Columbia University Irving Medical Center
JULY 2019 Ame
(Drs Fuchs and Gyamfi-Bannerman), New York, and the

Department of Obstetrics and Gynecology, New

YorkePresbyterian Queens/Weill Cornell Medicine,

Flushing (Dr Skupski), NY; the Department of Obstetrics

and Gynecology, Christiana Care Hospital, Delaware, DE

(Dr Hoffman); the Division of Epidemiology and Biosta-

tistics, Department of Obstetrics, Gynecology, and

Reproductive Sciences (Dr Ananth), and Department of

Obstetrics, Gynecology, and Reproductive Sciences (Drs

Duzyj and Rosen), Rutgers University Robert Wood

Johnson School of Medicine, New Brunswick, and Saint

Peter’s University Hospital (Dr Ranzini), New Brunswick,

and the Environmental and Occupational Health Sciences

Institute, Rutgers Roberts Wood Johnson Medical School

(Dr Ananth), Piscataway, NJ; the Department of Obstet-

rics and Gynecology, Drexel University College of Medi-

cine, Philadelphia, PA (Drs Croft and Plante); MetroHealth

Medical Center, Case Western Reserve University,

Cleveland, OH (Dr Ranzini); and the Department of Ob-

stetrics and Gynecology, University of Florida College of

Medicine, Gainesville, FL (Dr Smulian).

Received Dec. 31, 2018; revised Feb. 14, 2019;

accepted Feb. 18, 2019.

The authors report no conflicts of interest.

Presented at the 37th annual pregnancy meeting,

Society for Maternal-Fetal Medicine, Las Vegas, NV, Jan.

23e28, 2017.
Corresponding author: Sevan A Vahanian MD. sevan.

vahanian@nyulangone.org
rican Journal of Obstetrics & Gynecology 61.e7

http://refhub.elsevier.com/S0002-9378(19)30388-6/sref21
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref21
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref21
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref21
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref22
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref22
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref22
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref22
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref23
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref23
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref23
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref23
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref23
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref23
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref23
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref24
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref24
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref24
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref24
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref25
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref26
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref26
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref26
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref26
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref27
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref27
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref27
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref27
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref28
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref28
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref28
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref28
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref28
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref28
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref29
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref29
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref29
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref29
http://refhub.elsevier.com/S0002-9378(19)30388-6/sref29
mailto:sevan.vahanian@nyulangone.org
mailto:sevan.vahanian@nyulangone.org
http://www.AJOG.org

	Term cesarean delivery in the first pregnancy is not associated with an increased risk for preterm delivery in the subseque ...
	Materials and Methods
	Statistical analysis
	Outcomes

	Results
	Propensity score analysis

	Comment
	Principal findings
	Clinical implications/interpretation of the findings
	Strengths of the study
	Limitations of the data
	Conclusion and future research implications

	References


