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ABSTRACT

Background: We evaluated women with a prior cesarean delivery (CD) who were eligible for elective repeat CD or trial of
labor to test whether the risk of severe maternal morbidity (SMM) was: 1) directly associated with important pre-existing and
gestational conditions or 2) indirectly associated (significantly increased or decreased) with the decision to undergo elective
repeat CD.
Methods: Women with a prior CD who had inborn, liveborn, term, singleton, vertex deliveries were identified in California
2010-2011 hospital discharge datasets. Using discharge codes, this population was stratified into two groups: attempted labor and
elective repeat CD. A mediation model (stratified by younger vs. older women [>35 years]) was built for each of the following
maternal conditions (exposure): chronic/gestational diabetes mellitus (DM), chronic/gestational hypertension, heart disease,
obesity, and mental health diagnoses. Elective repeat CD was the mediator and SMM was the outcome.
Results: Of 141,535 eligible deliveries, 72.7% had an elective repeat CD; 2.3% had SMM, which occurred in 2.2% of younger vs.
2.6% of older women. For younger and older women respectively, the modeled total effect odds ratios (95% CI) for heart disease
were: 10.7 (8.5, 13.5) and 8.8 (6.4, 12.2); for hypertension: 1.7 (1.4, 1.9) and 2.0 (1.6, 2.4); and for mental health diagnoses: 1.9
(1.6, 2.3) and 1.7 (1.3, 2.3). Neither DM nor obesity demonstrated a direct effect. Odds ratios for indirect effects were negligible
for all models.
Conclusion: Among women with a prior CD, in the presence of important health conditions, the increased risk of SMM mediated
by an elective repeat CD was negligible.
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1. INTRODUCTION

Childbirth-related morbidity is a serious public health con-
cern. Maternal mortality continues to rise, increasing from

7.2 to 17.2 deaths per 100,000 live births from 1987 to
2015.[1] Concurrently, the severe maternal morbidity (SMM)
rate has been estimated at 1.5% for 2015,[2] having increased
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45% from 2006.[3] SMM includes severe complications
of childbirth, e.g., shock, heart failure, renal failure, and
pulmonary edema.[3] Postpartum hemorrhage appears to
be responsible for approximately half of SMM, followed
by complications from hypertension, cardiac disease, infec-
tion, and other maternal medical conditions.[4] It is believed
that a rising number of women with chronic diseases (e.g.,
chronic hypertension, diabetes mellitus, and heart disease)
are becoming pregnant and that gestational diseases (e.g.,
gestational diabetes mellitus and preeclampsia) are becom-
ing more prevalent. These trends are putting more pregnant
women at risk for SMM.[4–10] Heart disease and hyperten-
sion are well-known risk factors for both maternal mortal-
ity and SMM.[11, 12] Several other maternal conditions have
been reported to be potential risk factors, and these include:
chronic and gestational diabetes mellitus,[4] obesity, which
is becoming increasingly prevalent[9, 13] and which often ac-
companies chronic conditions,[7, 14, 15] and mental health dis-
orders,[7, 10, 16] which are being more commonly documented
at the time of delivery.[9] The potential to avoid SMM may
be limited,[17] but many believe that opportunities exist for
both primary and secondary prevention, particularly if the
conditions that put women at risk are detected early in the
antenatal course, and access to risk-appropriate care is ob-
tained.[10, 18, 19] Clinicians have stressed the importance of
multidisciplinary teams and timely intervention, particularly
for cases of heart disease and hypertension.[20–23] Some have
emphasized the importance of trying to minimize SMM by
limiting the use of CD,[24, 25] which has also been considered
a risk factor for SMM.[26] The risk for intra-operative and
postpartum complications is higher for women undergoing
CD compared to women undergoing spontaneous vaginal
birth. This situation creates a dilemma for patients and physi-
cians deciding on the safest delivery route in the context of
these medical conditions. Both elective CD and attempted
labor (and in particular – failed labor) have distinct risks.[27]

Compared to a vaginal delivery, the risk ratio for SMM for
a failed trial of labor (i.e., CD during labor) is estimated to
be 5-6 times that of a vaginal delivery, and the risk ratio for
an elective CD estimated to be 2-3 times that of a vaginal de-
livery.[28–30] Clearly, a successful vaginal delivery would be
preferable, but failed labor is very difficult to predict.[31, 32]

This is especially so for women who have had a prior CD,
as a prior CD in itself is considered an additional risk factor
for SMM,[33] with labor predisposing to increased risk of
uterine rupture, and repeat CD predisposing to increased risk
of death.[34] Furthermore, failed trial of labor in this popula-
tion depends heavily on patient and fetal characteristics, and
on hospital resources.[35] To accurately quantify the risk of
SMM from these pre-existing and gestational conditions, it

is important to determine whether elective CD increases or
decreases this risk. In the statistical analysis, treatment of
CD as an independent risk factor generates collinearity, and
consequently, the effect of pre-existing and gestational con-
ditions will be underestimated.[36] Instead, analyses should
recognize that these conditions have both direct and indirect
effects, with the indirect effect of the conditions being me-
diated through an elective CD. In a previous study[37] we
examined the mediating effect of primary CD in nulliparous,
term, singleton, vertex (NTSV) laboring deliveries on the
association between SMM and pre-existing and gestational
conditions. We used mediation analysis to decompose the
risk associated with a condition or exposure into the direct
effect (DE) of the condition and the indirect effect (IE) of
the condition, where the total effect (TE) equals DE*IE. The
“mediator” was emergent CD. Here, we examined similar
pre-existing and gestational conditions that have been linked
to SMM in a population of women with prior CD, using
elective repeat CD as the mediator (see Figure 1). By using
only information available at the time the decision regarding
elective repeat CD is made, we sought to evaluate the poten-
tial for increased risk of SMM in the presence of maternal
pre-existing and gestational conditions due to utilization of
elective repeat CD.

2. METHODS

2.1 Data
The Cedars-Sinai Medical Center Institutional Review Board
and the California Health and Human Services Agency Com-
mittee for the Protection of Human Subjects approved this
study (protocols 00029744 and 12-08-0596, respectively).
California 2010-2011 birth cohort files provided the data,
which included linked maternal and neonatal hospital dis-
charge datasets, and a link to vital statistics data. These
datasets include over 97% of California births.[38] The study
population included singleton, vertex, term (> 37 weeks),
inborn, liveborn deliveries of multiparous women with prior
CD. Using International Classification of Diseases, Version
9, Clinical Modification (ICD-9-CM) codes, this population
was stratified into two groups: attempted labor (based on
specific ICD-9-CM codes indicating labor) and elective re-
peat CD (based on CD codes and absence of labor codes).
Elective repeat CD was used as the mediator of the risk asso-
ciated with maternal pre-existing conditions. A previously
validated algorithm composed of ICD-9-CM codes,[39] was
used to define labor, with minimal modifications (see Table
1). A second analysis, where the definition of the presence of
labor was modified to exclude two ICD-9-CM codes (649.81
and 649.82) that indicate that a patient labored prior to a
scheduled repeat CD, was performed to test whether this
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affected the study conclusions. Vital statistics data provided
information regarding gestational age (obstetrical estimate),
maternal body mass index (BMI), and parity. We excluded
preterm deliveries of 24-36 completed gestational weeks, and
when the obstetrical estimate for gestational age was missing,
calculated it from the last menstrual period. All other clini-

cal conditions were identified from hospital discharge data,
including prior CD and CD in the current delivery of interest.
Excluded conditions were identified using ICD-9-CM codes
as follows: placenta previa 641.0×, 641.1×; malpresentation
652.×× (except 652.1× or 652.5×); and multiple gestation
V272, V273, V274, V275, V276, V277, or 651.××.

Figure 1. Conceptual model for the risk of severe maternal complication from childbirth. Pre-existing and Gestational
Conditions = E (Exposure), Elective Repeat Cesarean Delivery = M (Mediator), Severe Maternal Morbidity = Y (Outcome),
Confounders = C (Vector of Covariates)∗

2.2 Exposures, mediator, and outcome

This analysis focused on the effects of important pre-existing
and gestational conditions on SMM using information known
at the time a decision is made regarding the plan for elec-
tive repeat CD or trial of labor after cesarean (TOLAC). It
investigates the role these options play in a realistic scenario,
without making ‘future’ information, such as failed or suc-
cessful VBAC or other intrapartum or delivery outcomes,
available to the model. SMM has been defined by various
investigators using hospital discharge data, and the definition
used here,[38] is largely consistent with that of the Centers
for Disease Control and Prevention (CDC);[3, 40] it includes
maternal death (see Supplemental Table 1).

We studied the following pre-existing and gestational condi-
tions: chronic and gestational diabetes mellitus, chronic and
gestational hypertension, heart disease, obesity, and mental
health disorders. These conditions were identified based on
the presence of ICD-9-CM diagnosis or procedure codes in
the maternal discharge record for the delivery and are pre-
sented in Table 2. Both gestational and chronic hypertension
were included in the definition of hypertension. Unspecified
hypertension was part of the definition of general hyperten-
sion, but not in the specific sub-classification. Analyses of

obesity (BMI > 30 kg/m2), and extreme obesity (BMI > 40
kg/m2) were conducted. CD was identified by ICD-9-CM
codes 669.70, 669.71 or procedure codes 74.0 ×, 74.1 ×,
74.2 ×, 74.4 ×, or 74.99. Prior CD was defined by ICD-9-
CM code 654.2.

2.3 Confounders
Socio-demographic characteristics (i.e., Medicaid insurance,
mother’s highest education level, race/ethnicity, prenatal care
[PNC] status), obstetrical conditions (abruption, antepartum
bleeding, soft tissue conditions [i.e., disorders of the organs
and soft tissue of the pelvis]), isoimmune disease, fetal condi-
tions (intrauterine growth restriction [IUGR], excessive fetal
growth [macrosomia], oligohydramnios, polyhydramnios),
year of delivery, and other pre-existing conditions (presence
of renal or hepatic disease, Herpes virus infection) were also
included as controls in all models. PNC level was defined
as inadequate, adequate, or adequate plus.[41] These charac-
teristics, are known to have a potential effect on SMM and
elective repeat CD (outcomes), and were used as potential
confounders for the effect of maternal conditions on both
of the outcomes. Missing values for maternal highest edu-
cation level, race/ethnicity and PNC index ranged between
1.6% and 5.1%. Considering this low rate of missing values,
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observations with missing values were retained in analyses
by defining ‘unknown’ as a separate variable level. Other
control variables tested but not included in the model due
to non-significant differences in their association with the

elective repeat CD status and/or SMM were: vasa previa,
infection, fetal central nervous system abnormality, human
immunodeficiency virus (HIV) and isoimmunization-related
idiopathic hydrops or hemolytic disease.

Table 1. Administrative codes used to identify the presence of labor (in addition to vaginal delivery)
 

 

ICD-9-CM
a
 Diagnostic Code ICD-9-CM Code Description  

659.7 Abnormality in fetal heart rate or rhythm 

661 Abnormality of forces of labor 

652.1 Breech or other malpresentation successfully converted to cephalic presentation 

658.2 Delayed delivery after spontaneous or unspecified rupture of membranes 

653 Disproportion in pregnancy labor and delivery 

644.2 Early onset of delivery 

659.0 Failed mechanical induction of labor 

659.1 Failed medical or unspecified induction of labor 

656.3 Fetal distress affecting management of mother 

659.3 Generalized infection during labor 

658.4 Infection of amniotic cavity 

662 Long labor 

659.2 Maternal pyrexia during labor unspecified 

660 Obstructed labor 

658.1 Premature rupture of membranes 

663.0 Prolapse of cord complicating labor and delivery 

649.81 Onset (spontaneous) of labor after 37 completed weeks of gestation but before 39 completed 

weeks gestation, with delivery by (planned) cesarean section 

649.82 Onset (spontaneous) of labor after 37 completed weeks of gestation but before 39 completed 

weeks gestation, with delivery by (planned) cesarean section, delivered, with mention of 

postpartum complication 

ICD-9-CM Procedure Code  

73.01 Induction of labor by artificial rupture of membranes 

73.4 Medical induction of labor 

96.49 Other genitourinary instillation 

73.1 Other Surgical Induction Of Labor 

Note. 
a
International Classification of Diseases, Ninth Revision, Clinical Modification 

 2.4 Statistical Analysis

Mediation models were applied to decompose the risk as-
sociated with the key maternal health conditions. The two
pathways for the potential effect associated with each health
condition (exposure) on SMM (outcome) are[1] a direct ef-
fect, and[2] an indirect effect by modifying the risk of elective
repeat CD (mediator) that in turn is associated with the risk
of SMM (see Figure 1). In our case, all three variables of
interest are binary. Of concern is the potential interaction
between the effects of the maternal health condition and elec-
tive repeat CD on complications, and interaction are taken
into consideration by using the methods developed in Valeri
and VanderWeele.[42] To decompose the risk two multiple

logistic regression models were fitted:

ln[p(M)/(1 − p(M))] = β0 + β1E + β′2C (1)

ln[p(Y )/(1−p(Y ))] = θ0+θ1E+θ2M+θ3EM+θ′4C (2)

where we denoted the outcome as Y, the mediator as M, the
exposure as E and vector of covariates as C. The estimated
model parameters were used to calculate the natural direct
effect (NDE) and natural indirect effect (NIE) as

NDE = θ1 + θ3 + (β0 + β′2C)

NIE = θ2β1 + θ3β1

The NDE expresses the change in risk of SMM in the pres-
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ence versus absence of the pre-existing or gestational con-
dition of interest, and for each delivery, the measure of risk
of elective repeat CD is based on other covariates in the ab-
sence of the maternal health condition. The NIE expresses
the change in risk of SMM in the presence of the maternal
health condition and considers the risk of elective repeat CD
measured in the presence and in the absence of the mater-
nal health condition. The risk of elective repeat CD in the
absence of the maternal health condition is referred to as

the ‘natural’ elective repeat CD risk and is used here as a
counterfactual construct. The total effect (TE) expresses the
overall change in risk of SMM for a change in the presence
versus the absence of the maternal health condition (irrespec-
tive of elective repeat CD). The TE is calculated based on
the average values for the rest of the model covariates. In
the case of our binary outcome models, the TE equals to the
product NDE x NIE (even in the presence of interactions and
non-linearity).

Table 2. Administrative codes used to define maternal pre-existing and gestational health conditions
 

 

Health Condition ICD-9-CM Diagnostic Code
a
 Code definition 

Diabetes 648.8x Gestational Diabetes 

 250.0x-250.9x; 648.80 Chronic diabetes 

Hypertension  642.3x-642.6x Gestational hypertension 

 401.xx-405.xx; 642.0x-652.2x, 642.7x Chronic hypertension 

 642.9x Unspecified hypertension 

Heart disease 648.5x; 645.xx-747.xx Congenital heart disease 

 414.xx, 416.xx, 417.xx, 424.xx, 429.xx Other heart disease 

 410.xx +POAb, 411.xx + POA Acute myocardial infarction (MI) 

 413.xx + POA Angina 

 415.xx + POA Acute pulmonary 

 420.xx+ POA Acute pericarditis 

 421.xx + POA Acute/subacute pericarditis 

 422.xx+ POA Acute myocarditis 

 423.xx + POA Other pericardial 

 425.xx + POA Cardiomyopathy 

 426.xx + POA Conduction disorders 

 427.xx + POA Dysrhythmias 

 428.xx + POA Heart failure 

 35.xx-37.xx; 39.xx Operations on heart and pericardium 

(procedure codes) 

Mental health disorders 296.0x, 296.2x- 296.8x 

298.0x, 300.4x, 311.xx 

Mood disorders 

 

 300.0x, 300.2x, 300.3x, 308.0x, 309.81 Anxiety disorders 

 309.xx Adjustment disorders 

 291.xx, 292.xx, 303.xx-305.xx, 648.3x Substance use disorders 

 

 295.xx, 297.xx Psychotic disorders 

 293.0x, 293.1x Cognitive disorders 

 307.1x, 307.50-307.54 Eating disorders 

Obesity Body mass index (BMI) >= 30 kg/m2  

(as noted on birth certificate) or 278.xx 

 

Note. 
a
International Classification of Diseases, Ninth Revision, Clinical Modification, 

b
Present on admission 

 

Analyses were performed separately for each of the maternal
health conditions. Due to substantial differences in mea-
sured and potentially unmeasured characteristics, separate
models were constructed for younger versus older women
(aged > 35 years). All variable rates were compared by elec-
tive repeat CD status and by SMM status and tested with
a two-sided, two-sample t-test for continuous variables and

chi-square tests for categorical variable. For continuous vari-
ables, means are reported with standard deviations (SD).

For each of the pre-existing and gestational conditions:
chronic diabetes mellitus, gestational diabetes mellitus,
chronic hypertension, gestational hypertension, obesity, heart
disease, and mental health diagnoses, multiple logistic re-
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gression models were fitted to SMM status using the SAS
code provided by Valeri and VanderWeele.[42] When esti-
mating the risk associated with each specific pre-existing or
gestational condition, all other conditions were entered in
the model as controls along with the confounders. For each
model, interactions between the pre-existing and gestational
conditions and elective repeat CD were tested and retained
if significant. Adequacy of model fit was assessed with the
Hosmer and Lemeshow goodness-of-fit test.[43] We reported
the odds ratios (ORs) for natural direct, natural indirect, and
total effects with 95% confidence intervals using the delta
method. Significance level for p-values was set at less than
0.05. Analyses were conducted using SAS, version 9.3.

2.5 Model assumptions

We assessed whether elective repeat CD functioned as a me-
diator between pre-existing and gestational conditions and
SMM, if any of the following conditions were met after con-
trolling for confounders: 1) variation in maternal conditions
significantly accounted for variation in elective repeat CD;
2) variation in elective repeat CD significantly accounted for
variation in SMM (elective repeat CD may have a ‘protec-
tive’ effect); 3) variation in maternal conditions significantly
accounted for variation in SMM; and 4) variation in mater-
nal conditions accounted for less of the variation in SMM
when controlling for elective repeat CD. Causal interpreta-
tion of the effects requires the assumption that there are no
unmeasured confounders in the relationships between (1)
the exposure and outcome, (2) the mediator and outcome,
(3) the exposure and mediator, and (4) no mediator-outcome
confounder that is affected by the exposure. In an attempt to
meet these conditions as best as the data allowed, we included
socio-demographic characteristics, obstetrical, fetal and in-
trapartum conditions, year of delivery, and other pre-existing
conditions as potential confounders and conducted separate
analyses by age group. Of the four ‘no unmeasured con-
founders’ assumptions, the one considered the most likely to
be violated is assumption[2] regarding the mediator-outcome
relationship.[42, 43] That is, that there exist common causes
of SMM and elective repeat CD for which we have not ad-
justed. We estimated the potential bias in the NIE estimates
due to such a violation. To this aim, unmediated TEs were
obtained from logistic models on each of the outcomes, with
the same specification as in the original models but excluding
the mediator (elective repeat CD), and modified NIEs were
calculated from dividing these (unmediated) TEs by the cor-
responding NDEs from the mediated models. The potential
bias can be assessed by comparing the modified NIEs to the
original NIEs, since the unmediated TEs obtained from the
models of exposure on outcome are not confounded.[44]

3. RESULTS

The dataset included 1,001,779 California deliveries between
2010-2011 that were linked to the birth certificate. Of these,
we excluded 204 deliveries missing maternal age. Of the
remainder, 166,403 were to women with a prior CD; 22,423
deliveries were excluded due to malpresentation or preterm
or multiple gestation or IUFD/stillbirth, and another 1,417
deliveries were excluded due to placenta previa. This re-
sulted in 141,535 women that were retained as the study
population. There were 102,948 cases with a CD (72.7%)
that had no codes to indicate the presence of labor. These
cases were assigned to the elective repeat CD category. The
remaining 38,587 deliveries (27.3%) were assigned to the
TOLAC category. Descriptive data regarding the patient
characteristics are presented in Table 3. The overall mean
maternal age was 30.5 (5.7) years (ranging from 14-62 years),
with 104,465 women (73.8%) categorized as “younger” and
37,070 (26.2%) categorized as “older.” The racial/ethnic
distribution for the study population was: 55.3% of His-
panic origin, 24.2% White non-Hispanic, 10.8% Asian, 5.6%
African-American, and the remainder (4.1%) were of other
or unknown race/ethnicity. Medicaid was the principal in-
surance payer for 51.7% of women. The most prevalent
pre-existing conditions were obesity (29.5%), diabetes melli-
tus (11.7%, of which 10.2% was gestational diabetes only),
and hypertension (5.4%, of which 3.0% was classified as
gestational hypertension only). Overall, younger women
were slightly more likely to undergo elective repeat CD com-
pared to older women (73.2% versus 71.4%, see Table 3).
There were only two conditions that were positively asso-
ciated with elective repeat CD across all women: chronic
diabetes mellitus and obesity. For both younger and older
women, a negative association between elective repeat CD
was evident for the following conditions: Herpes, antepartum
bleeding, post-term pregnancy (>= 40 and <= 42 gestational
weeks), abruption, mental health disorders, oligohydramnios,
and IUGR. Women experienced SMM in 2.3% of deliver-
ies: 2.2% for younger and 2.6% for older women. Table
4 presents the distribution of risk factors for women with
and without SMM by maternal age group. Elective repeat
CD appeared protective as it was more likely to occur in
women with no SMM; this was true for both younger (69.0%
vs 73.3%) and older women (64.1% vs 71.61%) (p < .001).
As expected, both older and younger women with a failed
TOLAC were most likely to experience SMM. Black women
were 1.83 times more likely than White women to experi-
ence SMM (OR = 1.85 young, OR = 1.91 old), and women
with a college education were less likely to experience SMM.
With respect to the maternal health conditions studied, all
categories of hypertension, heart disease, and mental health
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disorders were associated with SMM for both younger and
older women. Any diabetes was associated with SMM for
older women only, and obesity was not associated with SMM
for younger or older women using either obesity definition.

3.1 Modeling results
Heart disease, hypertension, and mental health disorders had
the highest total effects on SMM in both age groups (Table
5). For younger and older women, the total effect OR (95%
CI) for heart disease were 10.7 (8.5, 13.5) and 8.8 (6.4, 12.2),
respectively. For hypertension, the total effect OR were 1.7
(1.4, 1.9) and 2.0 (1.6, 2.4), and for mental health condi-
tions, the total effect OR were 1.9 (1.6, 2.3) and 1.7 (1.3,
2.3). Decomposition of these total effects revealed that most
of the impact of these comorbid conditions on SMM was
direct, and was not decreased by elective repeat CD. The
direct effects of heart disease for younger and older women
were 10.7 (8.5, 13.4) and 8.8 (6.3, 12.2), respectively. There
were no significant indirect effects of elective repeat CD in
either younger or older women. Furthermore, there was no
association between pre-existing heart disease and the use
of elective repeat CD. The direct effects of hypertension for
younger and older women were 1.7 (1.4, 1.9) and 2.0 (1.6,
2.4), respectively. There were no significant indirect effects
of elective repeat CD in either younger or older women. Sep-
arate examination of chronic/superimposed and gestational
hypertension showed similar risk decomposition and that the
direct effect from gestational hypertension was highest: the
OR was 1.8 in younger and 2.4 in older women compared to
the chronic/superimposed HTN OR of 1.5 in both age groups.
The direct, indirect, and total effects of any diabetes mellitus,
chronic diabetes mellitus, and gestational diabetes mellitus
on SMM were insignificant in both age groups. Obesity
had a total effect of 0.78 (0.66, 0.91) for older women, as a
result of a direct effect of 0.78 (0.67, 0.92). These effects
(total and direct) were not statistically significant in younger
women. However, for older women, there was a significant
indirect decreased risk of 0.99 (0.98, 0.99) for SMM, and no
indirect effect in younger women. Re-classifying obesity as
“extreme” obesity did not change the direction of the results,
yielding a total effect of 0.84 (0.61, 1.14) for older women
0.85 (0.71, 1.02) for younger women. Statistical significance
was possibly lost because of a smaller number of cases. Men-
tal health diagnoses had a total effect on SMM of 1.90 (1.60,
2.26) and 1.71 (1.29, 2.28) in younger and older women,
respectively. The indirect effects were close to "1" for both
age groups and statistically insignificant for both groups of
women. Therefore, almost all the increased risk of SMM
appeared attributable directly to the mental health diagnoses.
With the exception of 3 models, the Hosmer-Lemeshow lack
of fit test was not significant in all logistic regression models

fitted in Table 5, indicating good fit. The models for chronic
diabetes mellitus, chronic HTN and obesity on elective re-
peat CD in younger women had lack of fit p-values between
0.04 and 0.05 indicating a potential deviation in the calibra-
tion of these models for the risk of elective repeat CD. No
significant changes occurred in any of these OR when the
modeling analyses were re-analyzed with the more restricted
labor definition. For this definition, 1.2% of patients previ-
ously classified as undergoing a TOLAC were re-classified
as having an elective repeat CD. Assessment of potential bias
in the NIE estimates due to violation of the assumption of no
unmeasured confounding of the exposure-outcome relation-
ship showed mostly small estimate biases of less than 3%
absolute change.

4. CONCLUSION
This study attempted to quantify the effect of several key
conditions on SMM, namely: hypertension (chronic and ges-
tational), diabetes mellitus (chronic and gestational), heart
disease, obesity, and mental health disorders. Of these con-
ditions, only hypertension (both chronic and gestational),
heart disease, and mental health disorders had a direct effect
on SMM in pregnant women with a prior CD. Neither dia-
betes (chronic or gestational) nor obesity was associated with
SMM. The study also found that the effect of the conditions
studied on SMM was not mediated (significantly increased
or decreased) by the decision to undergo elective repeat CD.

From 2011-2015, the CDC reported that hypertensive disor-
ders of pregnancy were responsible for 6.8% of all pregnancy-
related deaths.[1] Delivery hospitalizations with hyperten-
sive disorders are also well-known to be associated with
SMM.[12, 45–47] Here, “any” hypertension, which includes
both chronic and gestational hypertension, was strongly asso-
ciated with SMM [total effect 1.7 (1.4, 1.9) and 2.0 (1.6, 2.4)
for younger and older women, respectively]. Reports suggest
that early onset of the disease, and delays in receiving treat-
ment, increase this risk,[19] and that SMM is largely related
to acute renal failure, pulmonary edema, adult respiratory
distress syndrome, puerperal cerebral vascular disorder, and
disseminated intravascular coagulation syndrome.[46] The
risk of SMM for affected women did not increase or decrease
with elective repeat CD. Of those who had severe hyperten-
sive disorders, younger women, but not older women, were
more likely to undergo elective repeat CD.

Cardiovascular diseases were the leading cause of all
pregnancy-related mortality from 2011-2015 in the U.S.,
responsible for 15.1% of these deaths, and an additional
10.8% of deaths due to cardiomyopathy.[1] Although dra-
matic improvements in the medical and surgical management
of congenital heart disease have contributed to a progressive
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decline in maternal deaths due to congenital heart disease,[48]

the leading causes are now acquired diseases, e.g., acquired
heart valve defects, cardiomyopathy, arrhythmia, and coro-
nary heart disease.[21, 23] The risk of adverse events during
pregnancy for women with pre-existing cardiac disease is
determined by their ability to adapt to the associated phys-
iological changes. Physiological adaptation to pregnancy
imposes a major stress on the cardiovascular system, with a
50% increase in blood volume and cardiac output, and a de-
crease in systemic vascular resistance.[23] Structural changes
in the vascular wall, such as hypertrophy of vascular endothe-
lium and smooth muscle, also occur.[14] Pre-existing heart
disease was highly related to SMM [total effect OR 10.7
(8.5, 13.5) and 8.8 (6.4, 12.2), for younger and older women,
respectively]. This risk did not increase or decrease with
elective repeat CD. Women with heart disease were not more
likely to undergo elective repeat CD.

Women with mental health disorders were also more at risk
for SMM [total effect 1.9 (1.6-2.3) and 1.7 (1.3, 2.3), for
younger and older women, respectively]. Other investiga-
tors have identified this connection,[6, 10, 16] although the ba-
sis of this relationship deserves more detailed exploration.
For example, opioid use and abuse, which are included in
the definition of these disorders, has been directly linked to
SMM,[10] specifically, pregnancy-related mortality, cardiac
arrest, placental abruption, and blood transfusion.[49] Alter-
natively, depression has been linked to chronic diseases that
in turn may be linked to SMM.[50] However, a comprehensive
understanding is lacking regarding which types of SMM are
predominant in this population and its sub-populations, and
why. Women with mental health disorders were less likely
to undergo elective repeat CD.

Obesity has been reported as a potential risk factor for SMM
in a variety of investigations.[4, 7, 51, 52] However, we found no
positive effect of obesity on SMM [total effect OR 0.92 (0.84-
1.01) and 0.78 (0.66-0.91), for younger and older women
respectively]. This is likely to be the result of our adjustment
for confounders, as obesity may be highly related to other
chronic conditions.[26] No substantial changes in the models
were found when defining obesity as “extreme,” i.e., BMI >
40m/kg2. Obese women were more likely to undergo elec-
tive repeat CD in our study, which is consistent with studies
quoting a lesser degree of successful labor;[35] however, elec-
tive repeat CD did not appear to increase or decrease their
risk of SMM.

Women with either chronic or gestational diabetes mellitus
did not appear to be at risk for SMM because of their condi-
tion. This is in contrast to reports from other investigators
who found an association between diabetes and SMM.[4, 26]

This discrepancy in findings may be attributed to different
approaches to this question, such as inclusion of different
study populations, more restrictive definitions of SMM, or
minimal adjustment for confounders.

In a previous study using a study population of nulliparous
women who labored with term, singleton, vertex (NTSV)
gestations and who delivered in California between 2008-
2010,[37] we found that the modeled ORs for the direct effect
of emergent CD on SMM were 2.0-2.7 for hypertension, 6.6-
7.7 for heart disease, and 1.4-1.6 for mental health diagnoses.
In this previous work, we did not identify a direct effect for
diabetes mellitus or obesity. In the presence of hypertension,
heart disease, or mental health disorders, the increased risk
of SMM mediated by an emergent CD was low, resulting in
a 0-11% increase over the direct effect from the condition
itself. Although the NTSV population is distinct from the
study population used here, both studies identified that hy-
pertension, heart disease, and mental health disorders were
the conditions associated with SMM, and that obesity and
diabetes mellitus were not. The interpretation of the indirect
effects of the conditions mediated by CD is difficult to com-
pare because the current study considered elective repeat CD,
and the other considered emergent CD are two very different
clinical scenarios.

The current study provides evidence that, among women
with prior CD, it is the health condition of the patient that
determines her risk of SMM and not whether she underwent
an elective repeat CD. It further confirmed that the greatest
risk of SMM was primarily in Black women,[7, 53–55] whose
increased risk has been primarily attributed to a higher inci-
dence of hypertensive disorders in pregnancy.[45] Recently,
Lindquist et al, in an Australian study, identified “social dis-
advantage” as an independent risk factor for SMM,[33] and
this remains to be formally explored in the United States. Al-
though coverage with Medicaid insurance was not highly as-
sociated with SMM, our study did identify that both younger
and older college-educated women were less likely to ex-
perience SMM, which is consistent with the Lindquist et
al results. The current study strengths are usage of a large
population-based sample and a linked dataset allowing the
evaluation and inclusion of numerous covariates that were
potentially related to maternal outcomes. The specific focus
on women with a prior CD as the study population and the
age stratification facilitated the interpretation of the study
results.

Limitations of the current study include the shortcomings of
retrospective administrative data. We could not distinguish
the severity of the SMM identified, nor whether patients who
labored or had a scheduled CD differed in this severity. For
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example, to meet the SMM diagnosis,[40] a patient may have
received one unit of packed red blood cells, or she may have
received four, and this would not be distinguished by our
analysis. Another limitation is that we did not distinguish be-
tween induction of labor versus spontaneous labor. Induction
of labor carries its own risks and for some of these maternal
conditions, e.g., severe pre-eclampsia, awaiting spontaneous
labor may not be considered feasible or safe.[17]

Furthermore, our identification of who did and did not la-
bor is also limited by the clinical scenario. Given our data
sources, it is impossible to know the length of time a woman
labored, and we classified all women with any indication of
labor as having labored. For example, women who intended
to have an elective repeat CD who went into labor prior to
the scheduled surgery were classified as having labored. This
likely resulted in classifying more women in this category
than had intended to labor, and decreasing the successful
labor rate. Because failed labor is more highly associated
with SMM than elective CD, our classification may have
decreased the positive effect of a labor attempt on SMM,
essentially biasing it toward the null. Our re-analysis of the
models using the more restricted labor definition did not
suggest that our results were highly sensitive to this classifi-
cation. There is currently no definition of a minimum number
of hours in labor that would be acceptable for classification
of an elective repeat CD, and there is also no source for those
data. The California birth certificate attempts to collect in-

formation regarding whether a woman labored, but a large
proportion of missing data renders this variable unusable.
The substantially increased SMM that we found associated
with patients classified as having a failed vs. successful labor
is consistent with longstanding reports in the literature,[35]

and suggests that any defined threshold for length of labor
would likely retain some degree of misclassification. The ap-
plication of these findings to clinical decisions must always
account for individual patient and fetal characteristics, and
the hospital environment, i.e., the resources and the time-
liness of availability of these resources. A further caution
is that these analyses apply only to short-term outcomes,
namely SMM, and not to longer-term effects that may occur
or be assessed after the delivery hospitalization. Finally, our
analysis is limited to women with a history of CD, but does
not account for those with a history of prior vaginal birth or
number of prior CD, both of which could impact subsequent
vaginal delivery and SMM.

In summary, heart disease, hypertension, and mental health
disorders all had a direct effect on SMM. We found no in-
direct effect of the pre-existing and gestational conditions
tested mediated by elective repeat CD on SMM. Further ex-
ploration of the risks of mental health disorders should be
pursued.
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