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Abstract

This article provides a brief overview of the work conducted by the Division of Reproductive Health at the
Centers for Disease Control and Prevention on severe maternal morbidity and mortality in the United States. The
article presents the latest data and trends in maternal mortality and severe maternal morbidity, as well as on
maternal substance abuse and mental health disorders during pregnancy, two relatively recent topics of interest
in the Division, and includes future directions of work in all these areas.

Introduction

PREGNANT AND POSTPARTUM WOMEN in the United States
enjoy levels of health and healthcare that are considerably
better than those of their counterparts in less developed and
developing countries. Nonetheless, the perinatal and post-
partum periods are a time of risk for women everywhere. At
the Centers for Disease Control and Prevention (CDC), the
Division of Reproductive Health (DRH) is the focal point for
issues related to maternal health and to women’s reproduc-
tive health more broadly. DRH houses the national Pregnancy
Mortality Surveillance System and is involved in research and
public health activities related to maternal mortality and
morbidity, substance abuse, and mental health disorders
during pregnancy.

Maternal Mortality in the United States

CDC’s DRH has been conducting surveillance for preg-
nancy-related mortality since 1987." Fifty-two reporting areas
(50U.S. states, New York City, and District of Columbia)
voluntarily submit de-identified copies of death certificates
for all deaths occurring during or within 1 year of pregnancy
regardless of the cause of death or the duration of pregnancy;
matching birth or fetal death certificates are also sent if
available. Clinically experienced medical epidemiologists re-
view all the information available for each death and record
information regarding cause of death, pregnancy outcomes,
associated medical conditions, and demographic and obstet-
rical data. A pregnancy-related death is defined as the death
of a woman during or within 1 year of pregnancy that was
caused by a pregnancy complication, a chain of events initi-

ated by pregnancy, or the aggravation of an unrelated con-
dition by the physiologic effects of pregnancy. The temporal
association between the pregnancy status and death is as-
certained in one of the following ways: presence of a selected
pregnancy checkbox on the death certificate indicating the
woman was pregnant at the time of death or describing an
interval between the end of a pregnancy and death; words or
codes indicating a pregnancy on the death certificate; pres-
ence of a note on the death certificate indicating the duration
of complications causing or events leading to death; or
availability of a birth or fetal death certificate within 1 year of
the woman’s death. The causal association between the
pregnancy status and death is based on the clinical cause of
death, the interval between pregnancy termination and death,
and the pathophysiology of pregnancy complications. Deaths
attributable to conditions where the pregnant status likely did
not have an impact on the fatal course are not considered
pregnancy-related even if the temporal association with
the pregnant status is met; these are defined as pregnancy-
associated deaths. Trends in U.S. pregnancy-related mortality
ratios, defined as the number of pregnancy-related deaths per
100,000 live births, are shown in Fig. 1 for the period between
1987 and 2009. The pregnancy-related mortality ratio in-
creased steadily from 7.2 deaths per 100,000 live births in 1987
to 17.8 deaths per 100,000 live births in 2009. The reasons for
this increase are unclear. The use of computerized data link-
ages by states, changes in the way causes of death are coded
following implementation of the International Classification of
Diseases version 10 (ICD-10) in 1999, or the addition of a
pregnancy checkbox on the 2003 standard U.S. death certifi-
cate have likely improved the identification of pregnancy-
related deaths over time.? Thus, whether the actual risk of a

Division of Reproductive Health, National Center for Chronic Disease Prevention and Health Promotion, Centers for Disease Control and

Prevention, Atlanta, Georgia.



CREANGA ET AL.

FIG. 1. Trends in pregnancy-related mor-
tality in the United States, 1987-2009.
*Number of pregnancy-related deaths per
100,000 live births per year; test for trend
p<0.001. Data from Centers for Disease
Control and Prevention.?

Pregnancy-related mortality ratio*

woman dying from pregnancy-related causes has increased is
unclear. Many studies show that an increasing number of
pregnant women in the United States have chronic health
conditions,®® and these conditions may put a pregnant wo-
man at higher risk of adverse outcomes. The higher preg-
nancy-related mortality ratio in 2009 compared with previous
years is caused by the 2009 HIN1 influenza pandemic, which
disproportionally affected pregnant women.”” Surveillance
data from 2010 are not yet available, but we expect to see
additional impact on the mortality ratio from pregnant wo-
men affected by the 2009 HIN1 influenza pandemic. Com-
parisons of our data with data from other developed countries
are difficult given the differences in mortality definitions and
indicators used and in the type of methods employed for case
identification. CDC’s DRH identifies and reports all deaths
occurring during pregnancy and within one year postpartum,
while most other developed countries report only deaths oc-
curring during pregnancy and within 42 days after the end of
pregnancy (i.e., maternal deaths by the World Health Orga-
nization [WHO]/ICD-10 definition).'° Given the limited data
available for each case, we cannot ascertain whether injury
deaths such as drug overdoses, suicides or homicides, or

cancer-related deaths during pregnancy or within 1 year
postpartum are pregnancy related, and therefore, we consider
such deaths pregnancy associated. In countries where more
data on such cases are available, the causal relationship of
each death to pregnancy can be established. On the other
hand, our surveillance methods are superior to methods used
in a majority of countries in Europe that rely exclusively on
data recorded in routine vital statistics systems.'” Few coun-
tries use enhanced surveillance and review methods similar to
ours (e.g., France, the Netherlands, United Kingdom), and
differences between routine vital statistics and enhanced
surveillance data have been shown to be significant.'” Despite
these limitations in making data comparisons, it does appear
that the risk of dying from pregnancy complications is higher
in the United States than in many European countries."
Some women in the United States are at a higher risk of
dying from pregnancy-related causes than others."' Most
notably, pregnancy-related mortality ratios are 3—4 times
higher among black than white women (Fig. 2), and for spe-
cific mortality causes (e.g., ectopic pregnancy), this gap ap-
pears to be even greater.”“ A recent analysis of our
pregnancy mortality surveillance data showed that except for

FIG. 2. Race differentials in
pregnancy-related mortality
in the United States, 1987—
2009. *Number of pregnancy-
related deaths per 100,000
live births per year.
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foreign-born white women, all other race, ethnicity, and na-
tivity groups were at higher risk of dying from pregnancy-
related causes than U.S.-born white women after adjusting
for age differences.'’ There have been many attempts to ex-
plain these pronounced disparities, but due to data source
limitations, most authors concluded that they are multifac-
torial and no single intervention is likely to reduce them.'
However, variability in the risk of death by race and other
factors indicates that more can be done to understand and
reduce pregnancy-related mortality. More research on this
topic is needed, and this represents one of the top priorities of
research in DRH.

Causes of and risk factors for pregnancy-related deaths
from 1987 to 2005 have already been published in the litera-
ture."'*!* Information on causes of pregnancy-related deaths
occurring after 2005 have been released regularly on our
website at www.cdc.gov/reproductivehealth/Maternallnfant
Health/PMSS.html as additional years of data became
available; we will continue to provide such regular updates in
the future. Changes in the causes of pregnancy-related deaths
between 1987 and 2009 are shown in Fig. 3, and correspond to
the data in our surveillance publications’'*'* and the most
current web update.” We found a decline in the contribution
of the traditional causes of pregnancy-related mortality (i.e.,
hemorrhage, sepsis, hypertensive disorders of pregnancy),
and the emergence of cardiovascular and other medical con-
ditions as important contributors to mortality in the United
States. For the most recent surveillance period shown (2006—
2009), cardiovascular conditions alone accounted for over a
third of all pregnancy-related deaths, and together with other
medical conditions, they accounted for half of all pregnancy-
related deaths. Similar trends have been observed in other
developed countries conducting enhanced identification and
review of maternal deaths.'> More detailed analyses of our
surveillance data are conducted and published on pooled
5-year data, and the next such analysis is due upon review of
2010 data.

Severe Maternal Morbidity in the United States

Maternal morbidity encompasses physical and psychologic
conditions that result from or are aggravated by pregnancy
and have an adverse effect on a woman’s health. Currently,
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there is no standard definition for maternal morbidity. The
WHO has proposed a definition and a measurement ap-
proach for maternal near-miss (i.e., “a woman who nearly
died but survived a complication that occurred during preg-
nancy, childbirth or within 42 days of termination of preg-
nancy”),'® and recently organized a working group to
develop a definition and propose a measurement strategy for
a larger group of severe maternal morbidities.'” The EURO-
PERISTAT project uses a maternal morbidity indicator that
includes any one of eclampsia, hysterectomy, embolization,
blood transfusion, or a stay of more than 24 hours in an in-
tensive care unit."’

By and large, there are three approaches for identifying
severe morbidity using either disease-specific criteria to cap-
ture conditions like eclampsia or hemorrhage, management
criteria to identify interventions like massive blood transfu-
sion or hysterectomy, or organ-system dysfunction criteria to
identify the dysfunction or failure of organs and systems.'® Of
all, the organ-system dysfunction framework was identified
as the most promising for establishing a standard set of cri-
teria for measuring severe maternal morbidity (SMM). WHO
used these criteria to define maternal near miss,'® and CDC’s
DRH employed such criteria to develop and refine an SMM
measure to be used for population-based surveillance using
administrative data in the United States.'® Specifically, for the
latter, Callaghan et al. have explored lists of ICD-9 diagnosis
and procedure codes from a national dataset including de-
livery and postpartum hospital discharge records, linked in-
dicators of severe morbidity to those of in-hospital mortality,
and identified 25 ICD-9 code-based categories that capture
indicators of organ-system dysfunction that likely represent
specific, well-defined severe events (these codes are available
elsewhere'®1%).

Currently, there is no systematic ongoing data collection
for population-based maternal morbidity in the United
States. CDC’s DRH uses delivery hospitalization data and the
above-mentioned SMM algorithm to identify potentially life-
threatening maternal conditions or complications.'®'? Deliv-
ery hospitalizations are identified using another published
ICD-9-based algorithm that incorporates diagnostic codes for
an outcome of delivery, diagnosis-related group delivery
codes, and procedure codes for selected delivery-related
procedures.”’ The source of data for CDC’s national SMM

FIG. 3. Causes of pregnan-

cy-related mortality in the

Percent of deaths

@ 1991-1997** X 1998-2005***

[ 1987-1990*

United States, 1987-2009.
*Data from Berg et al., 1996".
**Data from Berg et al.,
2003'3; **Data from Berg

et al., 2010™; **** Data from
Centers for Disease Control
and Prevention.?

W 2006-2009****



CREANGA ET AL.

180.0

160.0

140.0

FIG. 4. Trends in severe maternal morbid- 290

ity during delivery hospitalizations in the

United States, 1998-2011. *The number of 1000

delivery hospitalizations with at least one

Rate (std err)per
10,000 delivery hospitalizations*

severe maternal morbidity indicator per 0.0
10,000 delivery hospitalizations. Data from 0.0
Centers for Disease Control and Preven- *
tion.!?
40.0
20.0 -
0.0 -

il

&9‘55'99 '1.0’39'01 1001'03 100“'05 10'*”01 1003'09 1010'“

estimates is the Nationwide Inpatient Sample (NIS), the
largest all-payer hospital inpatient care database in the United
States.”" This is one of a family of databases and software tools
developed as part of the Healthcare Cost and Utilization
Project sponsored by the Agency for Healthcare Research and
Quali’cy.22 NIS is a stratified sample of approximately 20% of
all community hospitals in the United States, with hospitals
selected using five characteristics: rural or urban location,
number of beds, region, teaching status, and ownership.21 The
database includes all discharges from the selected hospitals
and, for the most recent year (2011), provided information
from 1,045 hospitals in 46 U.S. states.?! Each record is
weighted to account for the complex sampling design, and
nationwide estimates can be derived when analytic weights
are applied during analysis."?

Trends in SMM in the United States between 1998 and
2011 are shown in 2-year increments in Fig. 4. We observed a
clinically and statistically significant increase in overall SMM
rates between 1998-1999 and 2010-2011 (Cuzick test for trend
p=0.014). For every 10,000 delivery hospitalizations during
the most recent 2-year period (2010-2011), there were 163
delivery hospitalizations with at least one SMM indicator.
This represents a 26.1% rate increase from the previous 2-year
period (2008-2009). Blood transfusion was the most common
indicator of SMM during 1998-2011. For the most recent
2-year period (2010-2011), blood transfusion was a SMM in-
dicator for 117 of 10,000 delivery hospitalizations. The second
through fifth most frequent indicators of SMM during deliv-
ery hospitalizations were disseminated intravascular coagu-
lation (32 per 10,000 delivery hospitalizations), heart failure
during a procedure or surgery (18 per 10,000 delivery hospi-
talizations), hysterectomy (9 per 10,000 delivery hospitaliza-
tions), and operations on the heart or pericardium (7 per
10,000 delivery hospitalizations). While we cannot directly
compare the overall SMM rate in the United States with the
rate in other developed countries, such comparison is possible
for eclampsia and hysterectomy, two of the five indicators
included in the maternal morbidity measure of the EURO-
PERISTAT project. In 2010, rates of eclampsia ranged between
1and 9 per 10,000 deliveries among the 20 European countries

that provided these data, while the 2010-2011 rate of
eclampsia in the United States was 7 per 10,000 deliveries.'*”
Similarly, among the 17 European countries reporting hys-
terectomy data for 2010, the rate of hysterectomy ranged
between 1 and 13 per 10,000 deliveries, while the correspond-
ing 2010-2011 rate in the United States was 9.2 per 10,000
deliveries.'*"

At the current rate, SMM affects over 60,000 women in the
United States every year, and this burden has been steadily
increasing in recent years.'® Rises in SMM are likely driven by
a combination of factors, including increases in maternal
age,” prepregnancy obesity,** > preexisting chronic medical
conditions,® and cesarean delivery.23’26 The consequences of
the increasing SMM prevalence are wide ranging and include
higher utilization of health services, higher direct medical
costs, extended length of hospitalization, and need for long-
term rehabilitation.'®

Our analysis of SMM trends in the United States is not
without limitations. To assess severe maternal morbidity, we
used administrative data that are primarily collected for bill-
ing purposes, and in the absence of more nuanced clinical
information, this may have led to misclassification. The SMM
algorithm is based on ICD-9 diagnosis and procedure codes
indicating untoward events during delivery hospitalizations,
but likely incorporates a range of severity. Blood transfusion
was found to be the most common indicator of SMM. How-
ever, information regarding the amount of blood transfused
was not available, and evidence suggests wide variations in
physicians’ decisions to transfuse in diverse clinical settings.*”

On the other hand, examination of maternal morbidity has
many advantages. Most importantly, it provides a more
comprehensive picture of disease patterns among pregnant
and postpartum women, and hence, an opportunity to iden-
tify points of intervention for quality improvements in ma-
ternal care and a more relevant assessment of the range of
resources needed to prevent and manage these conditions. Of
note, CDC’s measure of SMM can be used for population-
level estimates of severe morbidity but cannot replace the
in-depth review and analysis of risk factors for maternal
morbidity—the latter should become the norm in all U.S.
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hospitals caring for pregnant women. Current and future
work by DRH scientists aims to better understand current
trends in SMM, and to explore ways to translate research
findings into practice and improve pregnancy outcomes by
advancing evidence-based clinical practices and processes.

Maternal Substance Abuse

Maternal substance abuse is a continuing public health
problem in the United States. Smoking during pregnancy
increases the risk of complications such as placenta previa,
placental abruption, and premature rupture of the mem-
branes.” Based on the Pregnancy Risk Assessment Monitor-
ing System (PRAMS) data from 29 states, an estimated 23%
of women smoked in the three months before pregnancy and
13% during the last three months of pregnancy, with disparities
in smoking prevalence by maternal age, race/ethnicity, socio-
economic status and state of residence.”” DRH aims to eval-
uate and promote effective clinical and policy interventions to
prevent and reduce maternal smoking. A recent example of
this work includes a free, interactive online training entitled
“Smoking Cessation for Pregnancy and Beyond: A Virtual
Clinic” which was supported by DRH and endorsed by the
American College of Obstetricians and Gynecologists.* This
training is designed for healthcare professionals to hone their
skills in best practice approaches for smoking cessation for
pregnant women. In addition, DRH sponsored and partici-
pated in the evidence review and development of the first
WHO recommendations for the prevention and manage-
ment of tobacco use and secondhand smoke exposure in
pregnancy.’! Future areas of research in this area include
assessment of the cost-effectiveness of using financial incen-
tives for prenatal smoking cessation, review of evidence for
the effectiveness and reach of telephone-based quitlines for
pregnant smokers and for the efficacy of interventions to
prevent smoking during pregnancy and in the postpartum
period.

Among pregnant women, both the prevalence of use and
the quantity of illicit (i.e., street or prescription) drugs used are
highest during the first trimester and lowest in the third tri-
mester of pregnancy.sz’33 However, some women continue to
use illicit drugs throughout their pregnancies.”> The preva-
lence of illicit drug use by pregnant women aged 1544 years
has not changed significantly since the early 2000s, and the
most recent estimate (2011) provided by the National Survey
of Drug Use and Health (NSDUH) was 5.0%.2* Yet, evidence
suggests that the types of drugs used during pregnancy did
change during this period.**” Nationally, the maternal use of
opiates increased from 1.2 (95% confidence interval [CI], 1.0-
1.4) to 5.6 (95% Cl, 4.4-6.7) per 1,000 births between 2000 and
2009, in line with significantly growing numbers of emer-
gency visits and deaths related to misuse or abuse of opioid
pain relievers among women of all ages.*

Neonates exposed to illicit substances or prescription
medications, especially opiates, can develop neonatal ab-
stinence syndrome (NAS).* This syndrome represents a
constellation of behavioral and physiological signs and
symptoms including extreme irritability, inability to self-
soothe, and respiratory and central and automatic nervous
system dysfunc’cions.35 Between 2000 and 2009, the incidence
of NAS increased from 1.2 (95% CI, 1.1-1.4) to 3.4 (95% CI,
3.1-3.7) per 1,000 births (p for trend <0.001).%® The abuse of
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illicit drugs during pregnancy has been linked with poor
pregnancy and neonatal outcomes such as low birth weight,
small for gestational age, and prema’curity.‘gs’40 In addition, as
children, drug-exposed neonates experience developmental
challenges and appear more likely to have psychomotor and
cognitive deficits and behavioral disorders than unexposed
neonates.*'*?

CDC’s DRH is currently engaged in a number of activities
related to perinatal illicit drug use and NAS. In September of
2012, DRH organized and hosted an Expert Meeting on
Perinatal Illicit Drug Abuse which convened clinicians and
scientists from state and federal agencies, academia and other
partners to discuss issues surrounding screening, brief inter-
ventions, and clinical treatment for pregnant and postpartum
women abusing illicit drugs. Several manuscripts have been
developed as a result of the expert meeting, and are currently
under review at CDC and in peer-reviewed journals. Through
collaborations with State Health Departments, we are now
exploring the feasibility of using Prescription Drug Monitor-
ing Program data, state-based electronic databases that collect
information on medications dispensed in the state, to learn
about the prescription histories of pregnant women and the
subsequent development of NAS in their newborns.

Mental Health During Pregnancy
and the Postpartum Period

Mental health disorders, especially depression and anxiety,
are common and affect the health and well-being of women
and their families. NSDUH data show that about 1 in every
10 women (8% of pregnant and 11% of nonpregnant women
of reproductive age, 18-44 years) had at least one major de-
pressive episode in the year before the survey interview.*
Women suffering from depression are at increased risk of
substance abuse, developing chronic diseases, and having
poorer health.**** For example, among U.S. women with
major depression, most (89%) have one or more chronic
medical conditions (e.g., diabetes, obesity) or medical risk
factors (smoking, binge or heavy drinking, physical inactivi-
ty).** Yet, only 50% of pregnant and 54% of nonpregnant
women suffering from depression receive treatment for this
condition.*” During pregnancy and the postpartum period,
women’s poor mental health may adversely impact preg-
nancy outcomes, maternal-infant bonding, maternal func-
tioning, and infant health and developmen’c.%’47

Due to the burden and adverse impact of poor mental
health on women and their families, CDC’s DRH works to
improve the mental health of women of reproductive age
through research and technical assistance provided to other
organizations working towards the same goals. Data from
NSDUH, PRAMS, the Behavioral Risk Factor Surveillance
System (BRFSS), and several other sources are used to provide
national- and state-level information on the prevalence of and
risk factors for depression, anxiety and other mental health
conditions, as well as associated health conditions, obstetric
outcomes, and diagnosis and treatment strategies. DRH as-
sists states and nongovernmental organizations to conduct
similar activities and to further efforts to develop and target
appropriate public health strategies for addressing mental
health among women of reproductive age.

Future priorities in this area include examining and eval-
uating ways to alleviate barriers to diagnosis and treatment of
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mental health disorders among women of reproductive
age, determining effective ways to integrate mental health
services into routine prenatal and well-woman care, and de-
veloping and testing interventions that simultaneously ad-
dress risky health behaviors (i.e., smoking, drinking, and
illicit drug abuse) and mental health disorders in this sub-
population.

Conclusion

Preventing maternal morbidity and mortality and elimi-
nating health disparities in maternal health are national
public health and research priorities. While maternal mor-
tality has been the traditional sentinel event for monitoring
maternal health, maternal morbidity occurs more frequently
and much can be learned from reviewing maternal mortality
and morbidity cases and their healthcare. CDC has been
conducting surveillance for pregnancy-related mortality for
25 years, and data have been continuously reported on a
voluntary basis by all U.S. states, District of Columbia, and
New York City. CDC efforts to measure and ascertain SMM
are currently coupled with work conducted on both the
clinical and the public health sides by our long-term national
partners, the American College of Obstetricians and Gyne-
cologists, the Society for Maternal-Fetal Medicine, the
American Academy of Pediatrics, the Maternal and Child
Health Bureau, and the National Institutes of Health among
many others, in a concerted effort to reduce maternal mortality
and morbidity in the United States.
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