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In February 2007, our coauthor, friend, colleague, and mentor, Dr. Greg
Alexander, passed away unexpectedly and was not able to see this book to comple-
tion. Greg was a leading scholar and teacher in perinatal epidemiology and
maternal and child health. In his quest for knowledge and insight, Greg constantly
pushed himself and his colleagues and students to ask, “Why?” and to think beyond
the status quo. His questions were not only to make his colleagues and students
better, but also to make a better future for tomorrow’s children and adults.

This vision was at the core of Greg’s passion for his work. It was not just about
the papers or the publications on fetal growth curves, prenatal care, racial dis-
parities in birth outcomes, and many other topics. It was about the vision of a world
where all children are healthy, safe, and loved. Greg leaves his wonderful wife,
Donna, and two amazing daughters, Kerry and Morgan, who were his heart. He
knew that life was about more than work and this is evident in his beautiful family.
The task of completing this book without Greg’s encouragement and prodding has
been a long one. We hope that he would be proud of the final product. We are
thankful for his ideas and passion that we tried to reflect in this text. Most of all, we
are thankful for our friend. We miss you!
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Chapter 1
Introduction

At the beginning of the twentieth century, women of childbearing age and infants were
at a substantial risk of death. In the United States, nearly 1% of women of childbearing
age died of pregnancy-related complications and 10% of their babies never celebrated
their first birthdays (1-3). During the past century, reductions in maternal and infant
mortality were unparalleled historically. The maternal mortality ratio decreased to
15.1 deaths per 100,000 live births in 2005 (4). The infant mortality rate declined more
than 90% from 1915 through 2005, decreasing to 6.9 per 1,000 live births.

Improved access to health care, environmental health and sanitation, as well as
public health surveillance, increasing levels of education, and other advances con-
tributed to healthier mothers and babies. Improvements in living and environmental
conditions in urban areas were a primary focus in efforts to reduce infant mortality.
Milk pasteurization contributed to the reduction in milk-borne diseases; improve-
ments in education and economic conditions raised standards of living, thus promot-
ing health; lower fertility rates also contributed to reductions in infant mortality
through longer pregnancy spacing, improved nutritional status of mothers,
and smaller family size (1, 3). The use of antibiotics further decreased the infant
death rate (5). In addition, programs such as Medicaid, Special Supplemental Food
Program for Women, Infants, and Children (WIC), and others were implemented to
address the underlying issues associated with infant mortality, particularly postneo-
natal mortality (6). More recently, health promotion campaigns and new medical
technologies and therapeutic interventions have been key. One example is the “Back
to Sleep” campaign in the 1990s, which encouraged parents to put babies to sleep on
their backs and led to a greater than 50% decline in Sudden Infant Death Syndrome
(SIDS) (7). The development and use of artificial surfactant to treat and prevent
respiratory distress syndrome in premature infants is an example of a clinical therapy
that was instrumental in the recent reduction of infant mortality (8).

For mothers, a number of factors contributed to the high rate of death due to
pregnancy-related complications. The high number of maternal deaths was due
largely to poor obstetric education and delivery practices (2). Obstetrical care was
typically provided by poorly or untrained medical practitioners and many unneces-
sary interventions, such as induction of labor and Cesarean deliveries, occurred.
Roughly 40% of maternal deaths resulted from sepsis because of unsafe delivery

M.M. Adams et al., Perinatal Epidemiology for Public Health Practice. 1
doi: 10.1007/978-0-387-09439-7_1; © Springer Science + Business Media, LLC 2009



2 1 Introduction

practices; many of the remaining deaths were due to toxemia and hemorrhage (2).
Beginning in the 1930s, a number of initiatives were put in place to help lower the
number of maternal deaths in the United States. Hospitals and state public health
practitioners initiated maternal mortality reviews to identify practices that caused
the deaths. Institutional and physician guidelines were implemented to ensure
appropriate training and procedures related to delivery. Deliveries were performed
in cleaner environments, leading to fewer infections (9). Legalization of induced
abortion began in the 1960s and culminated with Roe V. Wade in 1973. Legaliza-
tion contributed to decline in deaths from sepsis associated with illegal abortions
(10). Of the maternal deaths that occur in the United States today, however, more
than half are preventable by the use of existing interventions (11).

Despite these improvements, challenges in the area of maternal and child health
in the United States still require attention. Significant disparities by race and
ethnicity persist in infant and maternal health, particularly among Blacks and
Whites. Black infants are more than twice as likely to die before their first birthday
as White infants (12). American Indian/Alaskan Native infants have higher infant
death rates compared with White infants, due largely to higher SIDS rates (13). The
disparities of maternal mortality existing between Black and White mothers have
increased over time. In the early part of the twentieth century, Black women were
twice as likely to die of pregnancy-related complications as White women. Today,
Black women are 3 times as likely to die from this cause (3).

To address the issues of maternal and infant mortality as well as the other issues
facing women and children today, we must understand the factors that contribute to
their morbidity and mortality. Strategies to achieve this understanding include research-
ing and intervening on biological, social, economic, psychological, and environmental
factors. Epidemiology is one of the effective methods for conducting this research.

Epidemiology is defined as “the study of the distribution and determinants of
health-related states or events in specified populations and the application of this
study to control health problems” (14). In other words, in a defined population,
epidemiology addresses these questions: What is the pattern of a specific disease or
outcome? What factors influence this pattern? How can we control this disease
or modify this outcome? The purpose of this text is to provide a population-based
epidemiologic perspective on maternal, perinatal, and infant health issues with a
specific focus on public health interventions that address these issues. This text
focuses on perinatal health in the United States. To give perspective to rates in the
United States of selected perinatal conditions, we present rates from other
countries. The intended audience for this book includes public health practitioners,
teachers, and students in public health or other health-related areas, clinicians,
advocates, and others interested in these topics.

The textbook has eight chapters. Except for Chapters 1 (Introduction) and
8 (Conclusion), each chapter addresses a topic related to maternal, perinatal, or infant
health. The chapters that address these topics follow a similar outline, with variations
as needed. Each chapter begins with an overall introduction and definitions of key
terms or concepts associated with the overall topic. Specific measures, data sources
related to the topic, and measurement issues are presented. The next section focuses
on descriptive epidemiology: temporal trends and geographic and demographic
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variations. Demographic characteristics considered may include age, race, marital
status, education, and income. Some chapters discuss attributable risk fractions
associated with a specific outcome. The next section describes factors that influence
the occurrence of the disease or outcome. This section outlines risk and protective
factors as well as the availability, use, and effectiveness of public health interven-
tions. At the end of each chapter, two brief sections list topics for discussion — for
those using this text for teaching and a list of important unanswered questions.
Additionally, abbreviations and references are included at the end of each chapter.
In writing this text, we assumed that readers understand basic epidemiologic
terminology and concepts. We define each problem from a population perspective.
We did not plan for this text to provide specific clinical information. We assumed
that readers have fundamental knowledge related to clinical conditions. We have
included a glossary of terms that may be helpful in learning these concepts. We want
our readers to gain a clearer understanding of the plethora of maternal and child
health issues that need to be addressed in practice and research. Happy reading!
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Chapter 2
Reproductive Health Issues

This chapter presents factors that set the context for pregnancy and, ultimately,
influence maternal and infant health. We begin with fertility and its opposite,
infertility. After briefly discussing the epidemiology of clinical treatment for
infertility, we focus on the central theme of this chapter: pregnancy intention. We
conclude by exploring a way of ending unintended pregnancy (induced abortion), a
way to prevent unintended pregnancy (contraception), and a desirable antecedent of
an intended pregnancy (preconception care).

2.1 Fertility

2.1.1 Definition, Measures, Data Sources,
and Measurement Issues

Definition: Fertility is the production of live offspring. Mortality and fertility rates
can be used to estimate changes in the future growth of a population. The fertility
rate also indicates the average number of deliveries per woman. In the United
States, parity is the number of live-born children that a woman has borne. In the
United Kingdom, parity is the number of times a woman has delivered a fetus of
>24 weeks, regardless of whether that fetus was live or stillborn (1). In countries
with higher fertility, average parity also tends to be higher. Fertility describes the
experience of a population; parity describes the experience of an individual woman.
Parity is related to pregnancy outcome, with risks for a range of maternal and fetal
adverse outcomes generally highest for first pregnancies and eighth and subsequent
pregnancies. When a population’s fertility rate is high, women tend to begin
childbearing in their teens and continue to their late thirties and early forties.
Risks for adverse pregnancy outcomes are highest for young teens and women
aged 35 and above.

Fecundity is distinct from fertility. Fecundity is the ability of a couple to have
children, rather than the actual production of children. Couples may have impaired

M.M. Adams et al., Perinatal Epidemiology for Public Health Practice. 5
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6 2 Reproductive Health Issues

fecundity if they have difficulty conceiving or carrying a fetus to term. Factors
related to the woman, man, or both may impair fecundity (2). Couples may be
fecund although they do not bear children.

Measures: General measures of fertility include the crude birth rate, general
fertility rate, age-specific fertility rate, total fertility rate, gross reproduction rate,
net reproduction rate, and fertility ratio. Many of these rates apply to reproductive-
aged women, conventionally defined as women aged 15 through 44 years. These
measures are defined in Table 2.1.

The pregnancy rate differs from the other rates in Table 2.1 in that its numerator
consists of all pregnancies — regardless of how they end — that occur in a population
of reproductive-aged women in a year. Thus the numerator includes live and
stillbirths, induced and spontaneous abortions and ectopic pregnancies. The preg-
nancy rate is informative in studying the magnitude of potential morbidity related to
pregnancy. Because the numerator is pregnancies, women who have more than one
pregnancy in a year will be counted twice.

The denominator for the crude birth rate is everyone in the population, regardless
of their potential to actually bear a child. Because of this inclusiveness, the crude
birth rate is influenced by the age distribution in the population. A population with a
large portion of persons not in their reproductive years (i.e., children or older adults)
relative to the portion of persons aged 15-44 years is likely to have a lower crude
birth rate than a population with a large portion of the population aged 15-44 years.
This happens because nearly all births occur among women aged 15-44 years.

To minimize the confounding effect of these differences in age distributions
when comparing populations, researchers often analyze the general fertility rate.
The denominator of the general fertility rate includes only women in their repro-
ductive years. However, confounding effects may still remain if, for example, one
population contains a greater portion of women at the peak of their reproductive
years (ages 20-29 years) than another population. To address this problem,
researchers may examine age-specific rates. These rates are often computed for
S5-year intervals of maternal age (quinquennia), e.g., 15-19 years, 20-24 years, etc.

The total fertility rate estimates the number of children a cohort of 1,000 women
would bear if they all went through their childbearing years experiencing the age-
specific birth rates in effect for a particular time. Thus, it projects the prevailing
age-specific fertility rates for women of one age onto those of another age. It is a
synthetic, hypothetical rate, usually standardized to a constant age distribution of
women. The total fertility rate may be expressed as births per woman or per 1,000
women.

The total fertility rate estimates whether the childbearing population is repla-
cing itself or not. A total fertility rate of about 2,100 per 1,000 women (equal to
2.1 per woman) or above indicates that, on the average, couples are reproducing
at a level to replace themselves (replacement fertility). When the total fertility
rate exceeds 2,100 for an extended period, the next generation of adults of
childbearing age will probably be larger than the present population of that age
if all other factors affecting the population, such as death rates and migration,
remain constant (3).



Table 2.1 Commonly used measures of fertility (source: (4, 5))

Measure

Definition

Pregnancy rate per 1,000 women aged 15-44 years
Crude birth rate per 1,000 people
General fertility rate per 1,000 aged women 1544

years

Age-specific fertility rate per 1,000 women of a
specified age

Total fertility rate per 1,000 women aged
15-44 years

Gross fertility rate per 1,000 reproductive-age
women

Net reproduction rate per 1,000 reproductive-age
women

Fertility ratio per 1,000 women aged 1549 years
Cohort fertility rate per 1,000 women born

in a year (e.g., 1970) or period of years
(e.g., 1970-1974)

Pregnancies in a population during a year
Average or mid - year number of women aged 15-44 years in that year

Live births in a population during a year

- — 1,000
Average or mid - year population in that year x

Live births in a population area during a year

1,000
Mid - year female population aged 15-44 in the same population in the same year x5

Live births among women of specified age in a population during a year
- - o - —= x 1,000
Mid - year female population of the specified age in the same population in the same year
A hypothetical rate computed by summing the age-specific
fertility rates in a given period for a hypothetical cohort of women
Live - born girls in an population during a year x 1,000

Mid - year female population aged 15-44 years in the same population in the same year

Gross fertility rate, where the denominator is decreased
to take into account maternal deaths

Children aged <5 years

Women aged 15-49 years 1,000

Cohort fertility is the sum of the annual age-specific birth
rates of women born in a specified year (or period) from ages 15 through 44

AmIsg 1
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The gross fertility rate is similar to the general fertility rate, except that it counts
only daughters that a woman bears during her reproductive years. Thus, it is the
average number of daughters that a cohort of 1,000 women will bear if they pass
through their childbearing years experiencing the age-specific birth rates in effect
for a particular time.

The net reproduction rate is the same as the gross fertility rate, but it takes into
account age-specific maternal mortality rates. Because of maternal mortality, the
net reproduction rate is always less than the gross reproduction rate.

The fertility ratio expresses how many small children a population has in relation
to the number of women of reproductive age. Analysts use it when reliable data on
the number of births are not available.

A related concept is cohort fertility, which refers to the fertility of women born
in a specified interval and followed through their reproductive years. Cumulative
birth rates represent the total number of births to women in a birth cohort up to a
specified age. For example, the cumulative birth rate for a cohort of women aged 45
years represents completed their family size, since these women are traditionally
defined as at the end of their reproductive years.

Data sources: Data for measures of fertility derive from vital records (birth and
death certificates), census data, and surveys. Surveys are used in developed countries
to estimate the frequency of spontaneous pregnancy losses, induced abortions, and
ectopic pregnancies. In countries without reliable registration of births and deaths,
surveys measure these outcomes as well as fetal deaths and live births.

Measurement issues: Measurement of fertility is relatively straightforward,
provided that reliable data on population size and births are available.

2.1.2 Descriptive Epidemiology

Temporal trends. From 1900 to 2004, the annual general fertility rate (live births
per 1,000 women aged 15-44) in the United States changed markedly (Fig. 2.1). Of
note is the high general fertility rate during the 1950s (the baby boom), followed by
decreases beginning in the 1960s, consistent with the introduction of hormonal
contraception. Most recently, the fertility rate declined between 1990 and 1995
(from 71 to 66 per 1,000 women aged 15-44) and thereafter was stable (1999: 65
per 1,000 women aged 15-44). In the United States during the 1990s through the
first half of the first decade of the next century, approximately 4 million live births
occurred per year.

During the 1990s, the total fertility rate (a hypothetical rate estimating the
lifetime total number of births among a group of women aged 15-44 years) never
exceeded the replacement rate. The total fertility rate ranged from a high of 2,081
per 1,000 women aged 15—44 in 1990 to a low of 1971 per 1,000 in 1997. In 2004,
the total fertility rate was 2,045.5 per 1,000 women (4).

Geographic variability: Consistent with the change in the national general
fertility rate, general fertility rates in many states declined from 1990 to 1995 and
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Fig. 2.1 Annual General Fertility Rates, United States, 1909-2004

varied modestly thereafter. By 2004, state-specific general fertility rates varied
from a low of 52.1 per 1,000 women aged 15-44 in Maine to a high of 92.3 per
1,000 in Utah. In 2004, states with high general fertility rates included Hawaii
(74.0), Alaska (74.4), Idaho (77.3) and the southwestern states of Texas (77.3), New
Mexico (71.9), Arizona (79.5), Nevada (72.6), California (70.4), and Utah (92.3)
(Fig. 2.2) (4). States with low rates tended to be in the northeast. States with the
lowest general fertility rates in 2004 included Vermont (52.1), Maine (52.4), New
Hampshire (53.4), Rhode Island (55.0), the District of Columbia (58.2), and West
Virginia (58.3). (4) Recent state-specific crude birth rates and total fertility rates
showed a similar pattern (5).

Throughout the 1990s and continuing to 2004, the groups of states with the
highest and lowest general fertility rates tended to remain the same. Of note is the
consistently high rate in Utah, which exceeded the second-ranked state by a
considerable amount.

Worldwide, in 2005, total fertility rates ranged from 5,700 live births per 1,000
women aged 15-44 in sub-Saharan African countries and some mid-eastern and
Asian countries to 1,300-1,900 live births per 1,000 women in developed countries.
In 2005, India and China, the countries with the most annual births, had total
fertility rates of 2,900 (India) and 1,700 (China). In 2005, the United States’ total
fertility rate of 2,000 exceeded that of Canada (1,500), the United Kingdom (1,700),
Italy (1,300), France (1,900), Australia (1,700), Japan (1,300), and numerous other
developed countries (6).

Demographic variability: In the United States, fertility rates vary by maternal
age, marital status, race, ethnicity, country of birth, and cultural and religious
orientation. From 1990 through 2004 in the United States, regardless of other
factors, general fertility rates were inversely related to age (Table 2.2) (4, 5, 7).
The highest rates occurred for women in their late teens and twenties. During the
1990s, age-specific fertility rates decreased for women aged less than 30 and
increased for older women, especially those in their late thirties and early forties
(Fig. 2.3).
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Table 2.2 General fertility rates by maternal race and attributes, United States, 2004

Maternal attribute White Black All races
Total 66.1 67.6 66.3
Age (years)

15-17 19.5 37.2 22.1
18-19 65.0 104.4 70.0
20-24 99.2 127.7 101.7
25-29 118.6 103.6 115.5
30-34 99.1 67.9 95.3
35-39 46.4 34.0 45.4
4044 8.9 7.9 8.9
Ethnicity

Hispanic (all races) 97.8
Non-Hispanic 58.4 67.0

Marital status

Married 89.2 68.4 87.6
Unmarried 41.6 67.2 46.1

General fertility rates are expressed as live births per 1,000 women
aged 1544 years, except for age-specific rates, which present live
births per 1,000 women of the specified age (Source: (4)).
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In general, during the 1990s, age-specific fertility rates were highest for married
women and for Hispanic women. A notable trend during the 1990s was the
increased rate of child-bearing among unmarried women, regardless of age.

Overall, in the United States, compared with White women in their teens and
early twenties, Black women of the same age had higher general fertility rates.
In contrast, Black women had lower general fertility rates in from their late twenties
onward.

Marital status influenced the effect of race on age-specific fertility rates. Among
unmarried women in the 1990s, age-specific fertility rates were consistently higher
for Black women than for White women. Rates for White women, however, showed
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an increasing trend while those for Black women showed a decreasing trend. For
example, among unmarried women aged 20-24 years (prime childbearing years),
the fertility rate decreased among Black women from 145 live births per 1,000
women in 1990 to 20 in 2004, but increased among White women from 48 in 1990
to 64 in 2004 (4).

During the 1990s, age-specific fertility rates were higher for Hispanic women
than for other women, regardless of marital status.

Some religious groups, notably Mormons and old-order Amish either do not
limit their fertility or limit it only slightly (8, 9). This tendency among Mormons
likely accounts for the consistently high fertility rate in Utah, where ~70% of the
population is Mormon.

Characteristics of child-bearing women: The changes in fertility rates during the
1990s occurred in the context of changes in the attributes of women of reproductive
age. The large cohort of women born during the baby-boom years of the 1950s and
early 1960s aged into their 30s and 40s. Because many of these women had delayed
childbearing, the fertility rate for this group increased at the same time as the
number of women in the group increased. Regardless of age, fewer women married.
Concomitantly, fertility rates increased among unmarried women. The racial and
ethnic distribution of the U.S. population shifted toward a higher percentage of
Hispanic women and lower percentages of non-Hispanic Black and White women.
Hispanic women had higher fertility rates than other groups. The combined impact
of these changes altered the overall distribution of women who gave birth in three
ways:

e The number of mothers aged 35 increased;
e The number of unmarried mothers increased; and
e The number of mothers in ethnic minorities, especially Hispanics, increased.

2.2 Male and Female Infertility

2.2.1 Definition, Measures, Data Sources,
and Measurement Issues

Definition: Infertility is usually defined as the failure to conceive or achieve a
clinically recognized pregnancy in a noncontracepting couple after a period of
time, usually 12 months (12, p. 63). The definition of infertility derives from
observational data on time to conception. In prospective studies of couples who
were trying to conceive, analysts have observed conception rates of 31% to 40%
after one cycle (10, 11) and 68% after 3 cycles, 81% after 6 cycles, and 92%
after 12 cycles (10).

For some couples, infertility is caused by failure to maintain a pregnancy until
clinical recognition, rather than failure to conceive (see Sect. 4.2.3 on early
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pregnancy loss). Infertility is related to male factors in approximately 20% of
couples (12). Male factor infertility and tubal infertility have been observed more
commonly among younger than older men and women (13).

Infertility is often classified as primary or secondary. Primary infertility is
infertility that occurs to women who have never had a live birth. Secondary
infertility occurs to women who have had one or more live births but have difficulty
achieving subsequent pregnancies.

Measures: Infertility is measured as the proportion of individuals or couples who
report receiving a physician’s diagnosis of infertility, the proportion of couples who
fail to conceive after a specified period of unprotected intercourse (usually 12
months), or the proportion of couples seeking or using assisted reproductive
technology (ART).

Data sources: Diagnoses of infertility can be ascertained from self-report
through the National Survey of Family Growth (NSFG), from databases of outpa-
tient care, such as the National Ambulatory Medical Care Survey, both of which are
conducted by the National Center for Health Statistics (NCHS), and databases of
outpatient care provided by managed care organizations. The number of women
using ART can be estimated from annual reports (Assisted Reproductive Technol-
ogy Surveillance) that are produced by the Centers for Disease Control and
Prevention (CDC).

The U.S. 2003 revised model certificate for live births (Appendix 1) asks
whether the pregnancy resulted from infertility treatment and distinguishes phar-
macologic treatment from ART. A limitation of this information is that it relates
only to persons for whom the infertility treatment was successful. One cannot use it
to infer rates of use of infertility services in the general population.

Measurement issues. Many individuals and couples with infertility do not seek
medical care and thus are not diagnosed with it. A couple’s failure to conceive is
influenced by frequency and timing of intercourse relative to ovulation. Couples
with infrequent intercourse are likely to take longer to conceive than equally fertile
couples with more frequent intercourse. Because ART can be expensive and is
often not covered by insurance, couples may not seek it. As new, less-invasive and
less-expensive types of ART become available, the number of couples willing to
seek medical evaluation for infertility and to use ART may increase. Such a change
would hinder accurate interpretation of temporal trends.

The validity of the newly introduced item on the live birth certificate concerning
use of infertility services is unknown. Probably use will be underreported, as it is for
many similar items on the birth certificate (14, 15). Use of infertility services may
be more likely to be reported when pregnancy outcomes that are widely known to
be associated with infertility treatment occur — such as multiple gestations. Thus,
bias may exist in reports of the use of infertility services.

Infertility increases markedly at older ages. Therefore, populations with large
numbers of women attempting pregnancy at older ages (e.g., >35 years) will have
higher infertility rates than populations where only a small number of older women
attempt pregnancy.
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2.2.2 Descriptive Epidemiology

Temporal trends: A generally referenced prevalence of infertility in the Western
world is 10-15% (12). Data from the NSFG for 2002 are consistent with this
estimate. These data show that for currently married women aged 15-44 years,
34.8% were surgically sterile, 7.4% were infertile, and 57.8% were fertile. Thus,
among married women who were not surgically sterile, 11.3% were infertile (16).
This prevalence represents a decline the prevalence observed in the 1982 NSFG
sample (17). The 2002 prevalence reflects a trend of postponing attempts at
childbearing to older ages, when fertility decreases (18). The estimated number
of infertile women in the United States in 1995 was 6.2 million (19). During the first
quarter of this century, the number of infertile women is projected to increase
modestly to approximately 6.4 million in 2025 (19).

Geographic variability. Data on state-specific infertility rates are not available.
Comparison of infertility rates among countries is complicated by differences in
availability of treatments for infertility as well as cultural attitudes toward
infertility.

Demographic variability. Data from the 1995 and 2002 NSFG show that among
married women aged 15-44 in the United States who were not surgically sterile, the
prevalence of infertility was related to age, parity, education, and ethnicity and race
(Table 2.3) (20, 21). The most striking pattern was the increase in the prevalence of
infertility associated with advancing maternal age. Paternal age >40 years is also an
important risk factor for infertility (22).

Data from a follow-back survey of American college graduates, aged 37-70
years at the time of the survey, showed that 17.1% reported infertility. Most
(14.0%) had secondary infertility (23).

Characteristics of infertile women. The majority of women who want to have
children are in their twenties and have at least a high school education. Paralleling
this pattern, the majorities of women who are involuntarily unable to have children
are largely younger, nulliparous, and have more than 12 years of education.

2.2.3 Factors Affecting Occurrence, Related Public Health
Interventions, and Their Availability and Use

Difficulties in measuring the prevalence of infertility limit our ability to understand
the etiology of infertility. The cause of infertility is unidentified for about 5-10% of
couples (24). For 8-14% of the women who sought ART in 2003 and 2004, no
explanation for their infertility could be found (7, 25).

Factors associated with infertility and longer times to conception among both
men and women include advanced age (>35 years for women and >40 years for
men), anatomical abnormalities, Chlamydia and other sexually-transmitted infec-
tions, and cigarette smoking — either active or passive. Among women, these factors
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Table 2.3 Factors associated with infertility among married women who were not surgically
sterile, National Survey for Family Growth, 2002 (source: (16))

Age (years) and parity Percent infertile
Parity =0 15-29 11.0
30-34 16.9
35-39 22.6
40-44 27.4
Parity > 1 15-29 4.0
30-34 5.9
35-39 3.9
4044 7.2
Education (years) <12 10.4
12 6.5
13-15 6.6
>16 8.4
Race and ethnicity Hispanic 7.7
‘White, non-Hispanic 7.0
Black, non-Hispanic 11.5

include moderate or heavy alcohol consumption, regular vigorous exercise, prior
use of an intrauterine device (IUD), low body mass index, marijuana or cocaine use,
ever-use of thyroid replacement hormones, history of preeclampsia, and other
factors (12, 22, 26-28). Factors associated with sperm abnormalities or lower
sperm counts include occupational exposure to heavy metals (lead, mercury),
pesticides, ethylene glycol ethers, and estrogens (29).

Of these factors, the ones most amenable to public health intervention are
Chlamydia infection and smoking. Public health efforts to reduce the prevalence
of Chlamydia and other sexually transmitted infections include promoting the use
of condoms and screening to identify and treat infected persons. Prompt diagnosis
and treatment of Chlamydia infections can avert tubal damage, a frequent cause of
infertility. A comprehensive Chlamydia prevention program in Wisconsin involved
selective or universal screening, depending on the population. An evaluation of this
program found that the statewide chlamydial prevalence and incidence declined, as
did the rate of complications due to infection (30). Hu et al. computed that annual
screening for Chlamydia infection among sexually active women aged 15-29 years
in the United States is cost-effective (31).

Both women and men who smoke decrease their fertility. Women who smoke
also have poorer responses to infertility treatments (2004 (32)). Because of its many
adverse health effects, reducing smoking is a public health priority that is addressed
by a range of public health interventions (33).
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2.3 Infertility Treatment

2.3.1 Definition, Measures, Data Sources,
and Measurement Issues

Definition: Infertility treatment includes a range of pharmacologic, physiologic, and
surgical interventions with the aims of promoting conception and maintaining preg-
nancy. These interventions may be applied to males, females, or both. Two broad
categories of treatment for women are the use of ovulation-inducing drugs and assisted
reproductive technologies (ART). (We use “ART” to refer to a range of procedures,
all of which involve manipulation of an egg or embryo outside the body, followed by
transfer to a woman. These procedures may use fresh, frozen, or donated embryos.)

Figure 2.4 presents treatment for infertility in the context of events that may
occur to a woman with infertility. The figure begins with the occurrence of
infertility, then moves to the possibility that a woman seeks treatment, the success
of treatment, and whether treatment results in a single or multiple delivery.

Measures of infertility treatment include the number of ART treatments, success
rates for in vitro fertilization (IVF) and related procedures, the proportion of live
births resulting from ART, and the rates of use of specific infertility treatments
among reproductive-age women.

Data sources: The NSFG retrospectively asks women about lifetime use of
infertility treatment (advice, tests on the woman or man), ovulation drugs, surgery
to treat blocked tubes, and ART and, more specifically, treatment during the year
before the interview.

Since 1996, the CDC, in collaboration with the Society for Assisted Reproductive
Technology, has reported the number and outcome of each ART cycle performed by
most of the clinics in the United States. A cycle includes administration of ovulation-
inducing drugs, harvesting and fertilization of ova, and transfer of resulting embryos
to the uterus. ART data collection was mandated by federal legislation, the Fertility
Clinic Success Rate and Certification Act of 1992 (Pub. L. 102493, 42 U.S.C. 263a-
1 et seq.). Data are derived from reports submitted by each clinic.

The 2003 revision of the model birth certificate collects data on use of infertility
services and type of service used. These data include only women whose treatment
was successful and resulted in a viable pregnancy. Thus, they are not informative
about the population-wide use of infertility services.

Measurement issues: The infrequent administration of the NSFG limits its ability
to provide up-to-date data, which are desirable given the rapid expansion of
treatments for infertility. Another limitation of the NSFG is that it does not provide
state-specific data.

Data reported by the CDC are limited to ART, which does not comprise the bulk of
infertility treatment (20). Although clinic-based data are audited periodically, their
accuracy may vary over time. Because clinic-based data lack personal identifiers, one
cannot measure the number of women receiving procedures and the woman-specific
IVF success rate, but only the number of procedures and the success rate per procedure.
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Dates: Years in brackets are those in which the data were derived.

Fig. 2.4 Outcomes for infertile women

Although nearly all facilities providing IVF and related treatments are included in
CDC’s annual report, a few do not provide information. In 2004, 50 (11%) of the
461 facilities known to provide ART services did not report their data (25).

In the United States, characteristics of couples using ART as well as trends in
ART use are influenced by insurance coverage. As of 2006, 15 states mandated that
health insurance companies operating in their state cover at least some type of
infertility treatment (34). Investigators have observed that insurance mandates are
associated with greater use of ART (35). Use of ART is likely to increase as more
states mandate insurance coverage for it.

The validity of birth certificate data on use of infertility services is unknown.
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2.3.2 Descriptive Epidemiology

Temporal trends: Data from the 2002 NSFG show that 11.9% of women (15-44
years) respondents reported ever using any infertility service. Of those using an
infertility service, 51.3% received advice, 40.3% had tests (on woman or man),
32.0% used ovulation-inducing drugs, 5.9% had surgery or treatment of blocked
tubes, and 2.5% had ART (16).

Data from CDC surveillance show a continuous rise in the annual number of
ART cycles from 64,724 in 1996 to 115,392 in 2002 and 127,977 in 2004 (25, 36).

In 2004, ART procedures resulted in 49,458 live-born babies, up from 20,840
live-born babies from ART procedures done in 1996 (25). The increase in the
number of live-born infants conceived by ART reflects an increase in the number of
cycles as well as in the per-cycle success rate. For cycles that use the woman’s own
fresh (i.e., nonfrozen) eggs or embryos, the likelihood of a live birth decreases as
the woman’s age increases. In 2004 in the United States, the per-cycle likelihood
of a live birth was 43% for women aged <35, 36% for those aged 35-37, 25% for
38-40, 15% for 4142, and 6% for >42 (25). In 2004, of all the deliveries resulting
in live-born infants who were conceived from ART using fresh, nondonor eggs,
approximately one-third (33%) were multiple gestations. Of all live infants in the
United States in 2004, more than 1% were conceived with ART.

Geographic variability: Data from Europe for 2001 show that, in 23 countries
where all clinics reported ART, 289,690 cycles were performed in a population of
nearly 106 million. These countries include Belgium, Bulgaria, Denmark, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, The Nether-
lands, Norway, Poland, Portugal, Russia, Slovenia, Spain, Sweden, Switzerland,
United Kingdom, and Ukraine. The number of cycles in these countries exceeds
those performed in the United States in 2001 (107,587), a country with more than
two-and-half times larger population. The 2001 ART cycles using fresh, nondonor
cycles and excluding cycles from France, Iceland, and the Netherlands resulted in
30,609 live births, which represented 1.6% of the births in these European
countries. Of live-born infants conceived with IVF and intracytoplasmic sperm
injection (ICSI), 75% were singletons (37, 38).

Demographic variability: Data from the NFSG show that, in 2002, use of any
service to treat infertility rose with age and was greatest for older, childless women.
Receipt of infertility services was more common among childless married women,
non-Hispanic White women, and women with higher levels of education and income.
Among White women with at least one birth, nearly one out of five received infertility
services, a very high level of service receipt compared with other groups (16).

NSFG data from 2002 also show that use of infertility services increased with
income. Among women whose income was 0-149% of the poverty level, only 9%
had used an infertility service; among those at or above 300% of the poverty level,
18% had used an infertility service (16). This pattern may reflect the absence of
insurance coverage for many types of infertility treatment. As a result, most couples
must pay out-of-pocket for infertility services. An encouraging observation is that,
of couples referred for IVF, ~2—12% conceive spontaneously per year (39).
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2.3.3 Public Health Interventions and Their Availability and Use

Public health interventions: No population-based data for the United States are
available on adverse outcomes for the woman herself resulting from ART. Thus,
nothing is known about interventions to reduce these possible risks.

The most common adverse ART outcome for the infant is multiple gestation.
The risk for a multiple gestation, especially a higher-order gestation (three or more
fetuses) associated with ART is related to the number of embryos transferred.
Because fertility drugs and IVF are expensive and may not be covered by insurance,
providers often try to improve success rates at the risk of multiple gestations. For
example, instead of transferring only two embryos, which eliminates the risk of
higher-order gestations, providers will transfer three or more embryos.

Several analysts have observed that fewer embryos per cycle are transferred in
states where insurance coverage for IVF is mandated, compared with states where
coverage is not mandated (40, 41). Furthermore, states with insurance mandates
have lower rates of multiple deliveries per ART birth (42). Thus, laws that mandate
that health insurance cover ART may be an important public health policy inter-
vention to reduce the number of higher-order multiple gestations (43).

Some European providers of ART have eliminated triplet and higher order births
by limiting the number of embryos transferred to two (44). American health policy
analysts have considered regulating the maximum number of embryos that can be
transferred. Consensus on the merit of such a regulation, however, has not been
achieved (45). Nonetheless, in 2006, the Society for Assisted Reproductive Tech-
nology recommended limiting the number of embryos transferred during in vitro
procedures. Cost-effectiveness analysis has shown that, compared with transfer of
two embryos, transfer of one embryo costs less, but is also less effective. Analysts
conclude that society’s choice between single or double embryo transfer depends
on society’s willingness to pay for an additional successful pregnancy (46, 47).

2.4 Pregnancy Intention

2.4.1 Definition, Measures, Data Sources,
and Measurement Issues

Definition: The desirability of conception. Note that pregnancy intention differs
from birth intention: A pregnancy may begin with an unintended conception, but
result in an intended and desired birth. Some (but not all) researchers distinguish
between an unintended pregnancy and an unplanned pregnancy. They define an
unintended pregnancy as a pregnancy that occurs while birth control is used or
while the desire to become pregnant is absent (48). An unplanned pregnancy occurs
in the absence of a definite plan to conceive a pregnancy (19). As such, it may
reflect the ambiguity that many women — especially adolescents — and couples feel
toward their pregnancies (49).
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Table 2.4 Selected concepts related to unintended pregnancy and related method of measurement
in interviews

Concept Typical interview question
Timing of pregnancy When you found out you were pregnant, did you want to be pregnant
sooner, then, later, or at no time in the future?
Attitude toward When you first found out you were pregnant, were you happy,
pregnancy unhappy, or not sure how to feel about the pregnancy?

Did you end your pregnancy in an abortion or did you consider
having an abortion because you did not want to be pregnant?
Strength of desire to avoid  When you first found out you were pregnant, did you definitely not
pregnancy want to be pregnant, were you trying to get pregnant, or were you
neither trying to get pregnant nor avoiding pregnancy?
At the time you conceived (name of child or “this pregnancy”), were
you or your partner consistently using contraception, sometimes
using it, or never using contraception?

Intention is a qualitative concept with a range of intensity (50). Intention is
usually assessed from the perspective of the woman; however, it may also be
assessed from the perspective of her partner, their joint perspective or society’s
perspective. Traditionally, the concept of pregnancy intention has been operation-
alized as a woman’s attitude toward the timing of the pregnancy or birth, with
unintended pregnancies often dichotomized as “mistimed” and “unwanted.”

Measures: A number of measures of pregnancy intention have been developed
(Table 2.4) (17, 48, 51-55). The only measure that has been collected nationally for
the past several decades is that regarding timing of pregnancy.

In an in-depth study of measures of pregnancy intention among inner-city,
mostly African-American women, analysts identified a single underlying latent
construct, “pregnancy desirability” (54). This construct reflected happiness about
the pregnancy, effort in achieving the pregnancy, and whether the respondent
wanted to have a child with her partner. The generalizability of these findings to
other groups of women has not been explored.

Data sources. Intention is usually assessed retrospectively through direct query
to the woman. Depending on study design, queries about intention may be made at
initiation of prenatal care, late in pregnancy, or days, weeks, or months after
delivery. The NSFG collects retrospective national data on pregnancy intention.
The Pregnancy Risk Assessment Monitoring System (PRAMS) collects state-
specific data from women who are usually 4—6 months postpartum.

Measurement issues: Individual responses to subjective and complex questions
regarding pregnancy intention likely vary widely among social groups and indivi-
duals and, within an individual, perhaps over time. Ambivalence or insufficient
motivation to avoid pregnancy may dominate the attitudes of many women (53).

Results from a recent British study showed that women consistently identified
four elements when defining a pregnancy as “planned”: (1) intending to become
pregnant; (2) stopping contraception; (3) partner agreement; and (4) right time in
their life stage (56). This study also showed that women’s definitions of an
unplanned pregnancy varied widely. Women who report wanting their pregnancies



2.4 Pregnancy Intention 21

later likely comprise a heterogeneous group, including those for whom the mis-
timed pregnancy has minor consequences and as well as those for whom it has
major deleterious effects. For example, the consequences of a mistimed pregnancy
for a woman who wanted to defer pregnancy for a few months to avoid the heat of
the summer differs from those for a woman who wanted to defer pregnancy for
several years so that she could complete her education. Unfortunately, most of the
standard questions about pregnancy intention do not capture this heterogeneity.

A woman’s perception of intention may vary during pregnancy and after deliv-
ery (57). Women who did not intend to become pregnant may change their views
after delivery as they care for their newborn. Women may be reluctant to state that a
pregnancy was unintended, especially if they perceive a societal expectation to
have children. This reluctance may be more evident in face-to-face interviews,
compared with self-administered questionnaires. Rates of unintended pregnancy
reported by PRAMS (which collects data primarily by self-administered question-
naire) are higher than those reported by the 1995 NSFG (which primarily used face-
to-face interviews for data collection). The concept of planning for the future,
including planning pregnancies, may not be salient for all women, especially
teens (55). Influenced by religion, culture, or social status, some women may
have a fatalistic attitude toward accepting whatever happens in life.

Women who obtain an abortion are considered to have had an unintended and
unwanted pregnancy. This assumption is usually correct. It does not hold, however,
for the small percentage of abortions that are performed for fetal malformations or
maternal health reasons. Women obtaining abortions comprise those with unwanted
pregnancies as well as those with mistimed pregnancies.

Use of contraception is a poor measure of intention, because it may be influenced
by many factors other than the woman’s attitude toward becoming pregnant. These
factors include a woman’s views about contraception itself as well as about specific
contraceptive methods, her ability to pay for contraception, her ability to obtain it
(an issue especially important for teens), and her partner’s attitude toward use of
contraception. Women who use contraception presumably intend to avoid pregnan-
cy. However, some women may use contraception for medical indications. Further-
more, one research report suggests that apparent contraceptive failures may result in
intended pregnancies (58).

The role of the partner’s view concerning pregnancy intention is an emerging
area of study, as are the couple’s concordance regarding the pregnancy’s intention
status and the consequences when the father does not intend the pregnancy (59, 60).

2.4.2 Descriptive Epidemiology

Temporal trends: Overall, in the United States, rates of unintended pregnancies
(mistimed and unwanted pregnancies) were stable during the 1980s (54 per 1,000
women) and decreased by the early 1990s (45 per 1,000 women) (Table 2.5) (61).
Data from the 2002 NSFG show that, among U.S. women aged 15-44 years in
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Table 2.5 Estimated annual rate of unintended pregnancy per 1,000 women aged 1544, by
outcome, United States, 1981-2001

Year Outcome Total rate of
Live birth Abortion unintended pregnancy
1981 25.0 29.2 54.2
1987 26.6 26.9 53.5
1994 20.9 24.1 45.0
2001 22.4 24.5 46.9

2001, the rate of unintended pregnancy was 51 per 1,000 (62). In practical terms,
this means that, among pregnancies experienced by women aged 1544 in the
United States in 2001, 49% were unintended.

Among unintended pregnancies that result in birth, mistimed pregnancies are
more common than unwanted pregnancies. Data from the 2002 NSFG concerning
unintended births reveal that most (60%) are mistimed and would occur at a later
time; the remaining 40% are unwanted (63).

Among women aged 15—44, the percentage of unintended pregnancies that end
in induced abortion has been relatively stable, ranging from 50.3% in 1987, to
54.0% in 1994, and to 42% in 2001 (62). NSFG data for all pregnancies (except
spontaneous abortions) that occurred in 2001 show 22% ended in unintended birth
and 20% ended in induced abortion (62).

Among adult women in the United States in 1994, nearly half (48%) had
experienced one or more unintended pregnancies in their lifetimes, demonstrating
the high frequency of these events. Among women aged 15-44 in 1994, at some
point in their lives, 26% had had a live birth resulting from an unintended pregnan-
cy. Among this same population of women, 30% had had an abortion related to an
unplanned pregnancy. Some women had multiple unintended pregnancies, of which
some ended in live births and others in abortion (61). Similar patterns were
observed in data collected by the 2002 NSFG (63).

PRAMS provides the only state-specific data for trends in unintended pregnan-
cies resulting in live birth, but available data are limited to the states that conduct
PRAMS. In 2002, New York City and 31 states conducted PRAMS, effectively
representing 62% of all live births in the United States (64).

Taken in the aggregate, the distribution of state-specific rates has changed little
over time, with the median state-specific percent of live births resulting from
unintended pregnancies ranging from 42.5% in 1999 to 45.0% in 1997 and 1998
(Fig. 2.5). Data on the percentage of live births resulting from unintended pregnan-
cies for each individual PRAMS state also show very little change from the 1990s
through 2002 (65). The exceptions are West Virginia and North Carolina. West
Virginia had a modest, but statistically significant decline (p = 0.05 and 0.709 for
trend) from 42.0% in 1993 to 39.6% in 1999, but subsequently increased to 46.5%
in 2001 and dropped to 41.7% in 2002. The percentage of live births resulting from
unintended pregnancies in North Carolina declined from 47.6% in 1997 to 41.9% in
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Fig. 2.5 Annual distribution of state-specific percentages of live births that were unintended at
conception, PRAMS, 1993-1999 (Box plot of state-specific upper and lower values and 75th, 50th,
and 25th percentiles)

1999, but rebounded to 45.3% in 2000 and again declined to 42.6% in 2001 and
40.6% in 2002 (64).

The distribution of the state-specific percentage of live births resulting from
unwanted pregnancies showed little change during the 1990s, with median values
ranging from 10.9% in 1994 to 12.4% in 1996 and subsequently increasing to
13.3% in 2002 (64).

Compared with data from the NSFG, PRAMS data show higher percentages of
unintended pregnancies. This difference may reflect methodologic differences in
the way the data were collected. PRAMS data consist mostly of self-reports,
collected slightly more than a year after conception. NSFG data were derived
from in-person interviews conducted up to 5 years after conception.

Using data from 1979 to 1981, one author estimated that “the typical woman
will experience one contraceptive failure for every 2.25 births during her lifetime,”
concluding that unintended pregnancies are not uncommon relative to live births
(68; pp. 222-223). Given lower fertility rates and higher rates for the prevalence of
contraceptive use since this study was done, the ratio of the number of live births to
unintended pregnancies is likely higher in recent years.

Geographic variability. In 1999, prevalences of unintended pregnancy were
available from 17 states (Fig. 2.6 (65)). In general, states with lower general fertility
rates tend to have lower prevalences of unintended pregnancy. Utah is an exception:
In 1999, it had the lowest prevalence of unintended pregnancy — 33.7% — and the
highest general fertility rate — 88.7 live births per 1,000 women aged 15-44. The
pattern in Utah is likely due to the pronatalist views of the majority of the population.

High general fertility rates are often accompanied by high percentages of both
pregnancies and live births that are unwanted (66). The United States manifests this
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Fig. 2.6 Prevalence of unintended pregnancy among women aged 15-44 who delivered a live
birth, by state, 1999

pattern: In addition to having a higher general fertility rate than many other
industrialized countries, it has a higher percentage of unwanted pregnancies and
live births resulting from unwanted pregnancies. In data compiled by the Global
Health Council for 1995-2000, the estimated percent of pregnancies that were
unwanted (measured from induced abortions and number of women who did not
respond “yes” to the question, “Was your last birth wanted?””) was as follows:

e 28% in the United States (accounting for 9.1% of all live births),

e 23% in France (accounting for 11% of all live births),

e 24% in Sweden (accounting for 5.0% of all live births),

¢ 21% in the United Kingdom (accounting for 6.0% of all live births),

¢ 50% in the Russian Federation (accounting for 11% of all live births), and
e 27% in Japan (accounting for 4.0% of all live births).

Differences among these countries in the percentage of live births resulting from
unwanted pregnancies reflect, in part, differences in the use of induced abortion.
The percentages of pregnancies that are unwanted vary widely among developing
countries, ranging from 23% in India (accounting for 8.8% of all live births) to 28%
in Egypt (accounting for 20.2% of all live births) and 41% in Brazil (accounting for
22.3% of all live births).

Demographic variability. Similar to fertility, pregnancy intention (measured as
satisfaction with timing) varies by maternal attributes of age, parity, race and
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Table 2.6 Rate of unintended pregnancy, percentage of unintended pregnancies ending in
abortion, and percentage of women with a lifetime history of 1 or more unintended pregnancies,
by age, NSFG, 2001

Age Rate of unintended Percentage of unintended Percentage of women with
(years)  pregnancy per 1,000 pregnancies ending in lifetime history of >1 unintended
women abortion pregnancies

15-19 67 40 12.2

20-24 104 49 41.4

25-29 71 50 55.1

30-34 44 49 59.2

35-39 20 60 60.0

>40 6 56 50.4

Total 51 48 47.7

ethnicity, poverty, and marital status. Of these characteristics, age and parity are
most consistently associated with pregnancy intention. Women aged less than 30
have higher rates of unintended pregnancy than older women, reflecting their higher
overall fertility (Table 2.6) (62).

Older women generally have had more births than have younger women. Data
from the 1988 NSFG show that the adjusted odds ratio for having a birth that was
unwanted (compared with mistimed or intended) rises sharply with the number of
previous births (67).

Non-White women and economically disadvantaged women consistently have
higher rates of unintended pregnancy than other women. Among urban poor women
in New York City who obtained pregnancy tests at public clinics from 1998 to 2001,
a stunning 82% of those found to be pregnant reported that their pregnancies were
unintended (68).

Although economic disparities may confound racial comparisons, racial differ-
ences persist even after controlling for economic status (61, 65, 67, 69). Black
women have higher rates of unintended pregnancy than White women. Data from
the 2002 NSFG show that, among births to Black non-Hispanic women aged 2024
years, 52.9% were unintended. The comparable percentage among White non-
Hispanic women was 41.5%. Hispanic women were intermediate at 46.5%. Data
from California for 1999 and 2000 showed that, among births to Hispanic women
born in the United States, a greater percentage were unintended than among
Hispanic women born elsewhere, perhaps reflecting acculturation (69).

Age probably also reflects marital status, with younger women — especially teens
— less likely to be married than older women. Data from the NSFG show that, in
2002, currently married women had a lower rate of unintended pregnancy (36.1 per
1,000 women aged 15-44 years) than formerly married, noncohabitating women
(50.3 per 1,000) or currently cohabitating women (48.5 per 1,000) (16). Data from
the 1994 NSFG showed that, among married women, a substantially lower percent-
age of unintended pregnancies ended in induced abortion (37.0%) compared with
formerly married (65.1%) or never married women (60.1%) (61).

Data from women who responded to PRAMS surveys in 15 states in 1998
showed some differences in demographic attributes between women with unwanted
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and mistimed pregnancies resulting in live births (70). Risks for unwanted preg-
nancies were highest for women who were aged >35, not married, or Black, who
had <12 years of education or a parity of >3, whose prenatal care was paid for by
Medicaid, who experienced physical abuse during pregnancy, or who either had no
or late initiation of prenatal care. Although many of these attributes were also
associated with increased risks for mistimed pregnancies, patterns differed for age
and parity. The risk of mistimed pregnancy was highest for women aged <20, with
the next highest risk among women aged 20-24. The risk of mistimed pregnancy
was lowest among women with parities >1.

Characteristics of women with unintended pregnancies: In general, groups with
high pregnancy rates also have a high percentage of pregnancies that are unintend-
ed. For example, in the United States in 2001, women aged 15-44 whose income
was below the U.S. poverty level had a very high pregnancy rate — 182 per 1,000 —
compared with women >200% above the poverty level — 78 per 1,000. In addition
to experiencing higher pregnancy rates than their more economically advantaged
peers, women with income at or below the poverty line also had rates of unintended
pregnancy (112 per 1,000 women) that were more than 3 times higher than rates for
women with incomes that were at least twice the poverty line (62).

Most of the groups with high pregnancy rates include relatively few women and
thus account for relatively small portions of the overall number of pregnancies.
Exceptions are women aged 20-24 and 25-29 who have high overall pregnancy
rates and account for a substantial percentage of all unintended pregnancies.
Because of their predominance in the population, White, non-Hispanic, married
women in their twenties account for the largest portion of both intended and
unintended pregnancies.

2.4.3 Factors Influencing Occurrence, Related Public Health
Interventions, and Their Availability and Use

Among sexually active individuals, the availability of contraception is essential for
avoiding an unintended pregnancy. Section 2.6 describes factors that influence use
of and access to contraception. Among women who conceive, but do not want to
continue their pregnancies, the availability of legally induced abortion is essential.
The next section addresses this issue.

Among sexually active women, intervals of nonuse of contraception are
associated with high risk for pregnancy. Counseling by a health-care professional
has been proposed as a factor that influences use of contraception. However, a
recent review concluded: “Virtually no experimental or observational literature
reliably answers questions about the effectiveness of counseling in the clinical
setting to reduce rates of unintended pregnancies in this country” (71).

One study examined the effect of preconception care among women attending
health department clinics (72). The authors observed that, in subsequent pregnan-
cies, women who had received preconception care as part of a previous routine
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family planning visit had a higher percentage of intended pregnancies than those
who had not received preconception counseling. Despite this improvement, only
22% of the women in the preconception care group had an intended pregnancy.

2.5 Legal Induced Abortion

2.5.1 Definition, Measures, Data Sources,
and Measurement Issues

Definition: Legal induced abortion includes any pharmacologic or surgical treat-
ment with the aim of terminating a pregnancy. In the United States, a legal abortion
is one performed by a licensed physician or someone acting under the supervision
of a licensed physician. Abortions are usually performed during the first trimester of
pregnancy or early in the second trimester of pregnancy. In 2003, only 4.2% of all
abortions were performed at 16-20 weeks and 1.4% at >21 weeks (73). Therapeu-
tic abortions are induced abortions performed to protect the health of the mother.
Although abortion is legal in the United States, illegal or self-induced abortions
may occur, but probably are rare.

Measures: The legal abortion rate (number of abortions in a year per 1,000
females aged 15—44) estimates the likelihood that a woman of reproductive age will
have an abortion within a specified interval, usually a year. In the United States,
data are available only on the total number of abortions, not the number of women
who have abortions. Because a small number of women have more than one
abortion in a year, the legal abortion rate slightly overestimates a woman’s likeli-
hood of having at least one legal abortion. The legal abortion rate is influenced by
the general fertility rate and the unintended pregnancy rate. Groups with low
general fertility rates are likely to have low abortion rates, simply because few
pregnancies occur to be at risk of abortion. Groups with high unintended pregnancy
rates tend to have high abortion rates.

The abortion ratio (the number of induced abortions per 1,000 live births)
reflects the likelihood that, if a pregnancy occurs, it will end in abortion. Because
spontaneous abortions are not ascertained, analysts cannot count the total number of
pregnancies. Thus, analysts cannot compute the portion of pregnancies that ended
by induced abortion.

Data sources: In the United States, legal induced abortions are vital events,
subject to registration in most states (74). Although the NCHS collected vital
records for abortions from 15 states through 1993, budget constraints curtailed
this program. Since then, only the Division of Reproductive Health of the CDC and
the Alan Guttmacher Institute have collected national and state-specific abortion
data. Although the number of participating areas varies slightly from year-to-year,
the CDC annually collects tabulations (i.e., aggregate data, not individual reports)
of abortions from nearly all of the states and reporting areas. Data from the largest
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state, California, are not reported to the CDC. The Alan Guttmacher Institute
surveys all abortion providers directly and generally reports a higher (and possibly
more accurate) number of abortions than the CDC. Because of privacy concerns, no
abortion data include personally identifying information. Thus, repeat abortions
obtained by the same woman in one calendar year cannot be identified.

The number of induced abortions as well as the number of women who obtained
an abortion can also be estimated from the NSFG, which is conducted periodically
by the NCHS. In face-to-face interviews, women report their reproductive events
during the preceding 5 years. However, the value of these data are limited, because
women report only about half of their induced abortions (75, 76).

The denominator for the abortion rate derives from the mid-year population
estimate based on the Current Population Survey. This estimate is available from
the Web site for the U.S. Census.

Measurement issues: Abortion providers may underreport the number of legal
abortions, especially those performed pharmacologically. The availability and use
of pharmacologic means of inducing abortion greatly expanded in the 1990s.
Before the 1990s, abortions were performed surgically. Because of temporal differ-
ences in completeness of ascertainment of induced abortion, trends in abortion from
the 1970s through the 1990s may not be valid.

Underascertainment of induced abortions may result from respondents’ failure
to disclose past induced abortions (74—76). Thus, data from the NSFG underesti-
mate the true number of induced abortions as well as the number of women who
have obtained induced abortions. Aside from data from the NSFG, no data are
available to estimate the number of women who have obtained one, two, or multiple
induced abortions in a calendar year.

Because abortion providers are not available in all areas, women may travel
from their state of residence to another state to obtain abortion services. Abortion
rates computed by state of occurrence may overestimate rates for states with higher
numbers of abortion providers and underestimate rates for states with few or no
abortion providers (81).

2.5.2 Descriptive Epidemiology

Temporal trends: In recent years, the U.S. abortion rate has been stable. Using
available data from the United States, the District of Columbia and New York City,
the CDC computed a national abortion rate of 17 per 1,000 women aged 1544
years in 1999, unchanged from 1997 and 1998. The rate declined to 16 per 1,000 in
2003. The CDC computed national abortion ratios of 256 per 1,000 live births in
1999, 245 in 2000, and 241 per 1,000 in 2003, reflecting declines from the peak
ratio of 364 per 1,000 in 1984 (73, 77-79).

The Alan Guttmacher Institute, using data from surveys of abortion providers,
estimated that 1,287,000 abortions were performed in 2003, representing an annual
rate of 20.8 per 1,000 women aged 15—44 (80). In 2003, 23.8% of all pregnancies —
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Fig. 2.7 Abortion rate and ratio, United States, 1973-2000

excluding fetal losses — ended in abortion. Data from the Alan Guttmacher institute
showed similar trends to those observed by the CDC (Fig. 2.7).

CDC surveillance data show that abortions are not rare. This observation is rein-
forced by data from the NSFG showing that in 1992 an estimated 43% of women had at
least one abortion by age 35-39. This percentage is slightly lower than the estimated
45% of women in this age group who, in 1982, had one or more abortions (61).

Geographic variability: Within the United States for 2001, abortion rates vary
widely (Fig. 2.8). For 2003, Idaho, North Dakota, South Dakota, Kentucky, Wyom-
ing, and Utah had low abortion rates of 68 per 1,000 resident women aged 15-44.
New York had the highest abortion rate of 29 and the District of Columbia had the
next highest rate of 24, followed by rates of 19 in Delaware, Nevada, and Washing-
ton. Geographic variation in abortion ratios followed a similar pattern to that
observed for abortion rates (73).

Access to abortion services may influence abortion rates. Between 1992 and
2000 in the United States, the number of abortion providers declined 24% from
2,380 to 1,819. By 2000, 34% of women aged 1544 lived in a county without an
abortion provider (81). U.S. abortion providers who were surveyed in 2001-2002
estimated that approximately 25% of women who had abortions in non-hospital
facilities traveled more than 50 miles to the facility (82).

Data for 2003 for three related measures — the abortion, unintended pregnancy,
and general fertility rates — for selected states (Table 2.7) suggest that the relation-
ships between abortion, pregnancy intention, and fertility vary among states. For
example, Maine has relatively low rates of abortion, unintended pregnancy, and
general fertility. Despite its very high fertility rate, Utah also has low rates
of abortion and unintended pregnancy. Colorado has a low abortion rate despite a
mid-range rate of unintended pregnancy and Washington has a high abortion rate,
despite mid-range unintended pregnancy and general fertility rates.

International comparisons: During the 1990s, the United States had higher
abortion rates than nearly all comparable industrialized countries (83). In 1996,
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Table 2.7 Abortion,” unintended pregnancy, and general fertility rates, selected states, 2003
Abortion rate

(abortions per 1,000 Unintended General fertility rate (live births
State women aged pregnancy rate per 1,000 women aged 15-44
15-44 years) (%) years)
Colorado 9 39.7 68.8
West Virginia NA 39.6 58.3
Utah 6 337 92.3
Maine 9 34.0 52.4
Arkansas 10 49.6 68.3
Alabama 11 47.4 62.4
South Carolina 13 44.4 63.6
Ohio 14 413 62.7
New Mexico 16 43.6 71.9
Illinois 15 44.5 66.7
North Carolina 15 41.9 66.0
Washington 19 38.0 61.7

* Abortions counted by woman’s state of residence. NA: not available.
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when the U.S. abortion rate was 22.9 per 1,000 women aged 15-44, abortion rates
in other selected countries were:

Australia — 22.2

Canada — 16.4

Denmark — 16.5

England and Wales — 15.6

Germany — 7.6
Holland — 6.5
Sweden — 18.7

European countries have used mifepristone for early medical abortions for more
than a decade. This contrasts with the United States, where the Food and Drug
Administration approved mifepristone much more recently in 2000. In the United
States and France, it is approved for use up to 49 days from the onset of a woman’s
last menstrual period. In Great Britain and Sweden, this period extends to 63 days.
Experience from Europe shows wide variation in its use. In 2000 in England and
Wales, clinicians used mifepristone for slightly less than 20% of eligible abortions;
the comparable percentage in Scotland was 60%. Mifepristone appears not to have
influenced the overall rate of abortions in the United States (84).

Demographic variability: Abortion rates and ratios vary by the woman’s age,
marital status, and race (Table 2.8) (73). In 2003, abortion rates were highest for
women in their twenties, reflecting their overall high fertility. In comparison, rates
were lower for younger women and much lower for older women.

Table 2.8 Abortion rates and ratios by attributes of the woman, selected states, 2003 (source: (73))

Abortions per Abortions per
Maternal attribute 1,000 women 1,000 live births
Age (years) 15-19 16 374
20-24 31 300
25-29 23 195
30-34 14 144
35-39 7 173
>40 3 293
Race White 10 165
Black 29 491
Ethnicity Hispanic 23 228
Non-Hispanic 14 234
Marital Status Married - 63
Unmarried - 538
Number of previous live births 0 - 227
1 - 190
2 - 271
3 - 283
>4 - 234
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In contrast to abortion rates, abortion ratios were highest at the extremes of
maternal age. Thus, although fewer women in these age groups became pregnant,
those who became pregnant were more likely to end their pregnancies in abortion
than were women of other ages.

In 2003, the abortion ratio was more than eight times higher for unmarried
women (i.e., women who were never married, divorced, or widowed) than for
married women.

Abortion rates and ratios also vary strikingly by race. In 2003, the abortion ratio
for Black women was nearly 3 times greater than that for White women.

The abortion ratio varies modestly by the woman’s number of previous live births,
being lowest for women with either one previous live birth or more than three
previous births and highest for women with no, two, or three previous live births (73).

Characteristics of women having abortions: Available surveillance show that,
from the late 1990s through 2003 in the United States, women aged 25 and above
obtained approximately half of all legal abortions (21, 79). In 2003, 16% of the
women who obtained abortions were teens. More than half of the women who
obtained abortions from 1995 to 1999 were White, more than 80% of whom were
unmarried. In 1999, 41% of women obtaining abortions had no live births and 28%
had one live birth.

Abortions performed at shorter gestations have a lower risk for complications
than those performed at longer gestations, especially after 15 weeks (85). In the
United States, the percentage of women obtaining abortion at 8 or fewer weeks of
gestation has increased steadily from 52% in 1990 to 59% in 2003 (21). CDC data
for 2003 show that 19% of abortions occurred at 9—-10 weeks, and 10% at 11-12
weeks. Less than 2% occurred after 20 weeks of gestation. In recent years, nearly all
abortions (96%) were performed by suction curettage (78, 79).

A survey of a nationally representative sample of 10,683 women who received
abortions in 2000 showed that more than half (54%) used contraception in the cycle
they conceived. Among demographic subgroups, the percentage of women not using
contraception when they conceived was highest for women who were <25-years old,
not married, and Black or Hispanic as well as those whose income was <300% of the
poverty level, and who had <12 years of education. Overall, 14% of respondents
indicated that they conceived despite perfect contraceptive use (86).

2.5.3 Risk Factors, Related Public Health Interventions,
and Their Availability and Use

The key to preventing abortion is preventing unintended pregnancy. Public health
interventions to reduce unintended pregnancy are discussed in Section 2.6.
Promoting early recognition of pregnancy and insuring access to legal abortion
are essential for reducing morbidity and mortality associated with abortion. No
public health interventions aimed at promoting early recognition of pregnancy have
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been assessed rigorously. The widespread availability of over-the-counter home
test kits to detect pregnancy has doubtless increased early recognition.

The importance of maintaining legal access to abortion has been demonstrated
empirically by the marked drop in abortion-related mortality that followed national
legalization of abortion in 1974 (78). In 1972, 65 abortion-related deaths occurred,
of which 39 were attributed to illegal abortion. Of the 47 abortion-related deaths in
1973, 19 were attributed to illegal abortions. During the 1990s, 5-12 abortion-
related deaths occurred per year in the entire United States. Nearly all of these
deaths resulted from legal abortions, suggesting that mortality associated with
illegal abortions has been virtually eliminated.

Access to first trimester abortion, when the procedure is safest, can be limited by
procedural and financial barriers as well as a shrinking number of abortion provi-
ders. Minimizing these barriers promotes early abortions. A study in Mississippi
examined the effect of the introduction of a legal requirement for a 24 hour delay in
abortion after the initial request. This requirement increased the percentage of
abortions performed after 12 weeks of gestation (87). Reductions in federal and
state funding for abortion have limited the ability of low-income women to obtain
abortions. A study of health professionals who provided abortion in 2001 and 2002
noted that 56% reported experiencing anti-abortion harassment in 2000 (82). Such
harassment can deter providers from beginning or continuing to perform abortions.
Fewer providers can result in delays in obtaining abortions.

Figure 2.9 depicts the circumstances under which pregnancies originate and
relates these circumstances to ways that pregnancies can resolve. The distribution
of pregnancies by origin as well as the distribution of pregnancies by resolution
change over time, reflecting medical interventions and societal norms.

Why should public health practitioners care about contraception?

Lack of use of contraception is the single most important preventable factor in
the occurrence of unintended pregnancies. The risks for both maternal and
infant morbidity and mortality are higher for women whose pregnancies are
unintended than for women whose pregnancies are intended.

Unintended pregnancies resulting from lack of use of contraception are not
rare. Among active duty women in the U.S. Air Force during 2001, an
estimated 3.5% had an unintended pregnancy secondary to nonuse (88).
In California, from 1998 to 2001, approximately 4.5% of women of repro-
ductive age were at risk of unintended pregnancy, due to lack of use of
contraception (89).
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2.6 Contraception

2.6.1 Definition, Measures, Data Sources,
and Measurement Issues

Definition: Any intervention that has the goal of preventing conception or implan-
tation of a fertilized egg. Methods may be behavioral (e.g., coitus interruptus),
pharmacological (e.g., hormonal control of ovulation or prevention of implanta-
tion), mechanical (e.g., intrauterine device, diaphragm, condom), or surgical (e.g.,
tubal ligation, vasectomy). Contraception is often categorized as either reversible or
permanent (i.e., sterilization). One or both partners may use contraception.

In practice, studies consider the use of contraception among persons who are
sexually active, at risk of pregnancy (e.g., not currently pregnant or sterile), and not
desiring pregnancy. For a given interval, individuals may use contraception all of
the time, some of the time, or never. The manner in which they use contraception
may be correct always, some of the time, or never. “Ideal” use assumes consistent
and correct use. Because ideal use rarely occurs, most analysts refer to “typical”
use, which incorporates the concept of inconsistent and/or incorrect use some of
the time.

Measures: The most relevant measure is the percentage of sexually active
individuals not desiring pregnancy and at risk of pregnancy who consistently and
correctly use (or whose partner uses) one or more contraceptive methods during a
specified time interval. Measures of contraceptive use that include persons not at
risk for pregnancy will underestimate relevant contraceptive use because the
denominator will be inflated incorrectly.

Data sources: Use of a method is usually ascertained by questioning the respon-
dent about her or his current or past practices and the concurrent practices of her or
his partner. When asking about past practices, responses may be more accurate
when respondents first use a calendar to recall their life situation (e.g., where they
lived, their major activities, the people who were important in their lives, and their
health insurance). Researchers can then ask questions about contraceptive use in the
context of that situation.

The only nationally-representative survey to collect data on contraceptive use is
the NSFG, most recently conducted in 1995 and 2002. No comparable population-
wide, state-specific data are available. Survey data for selected states are available,
however, for their subpopulations of women who have recently had a live birth
(through CDC’s Pregnancy Risk Assessment Monitoring System, (PRAMS)) and
high school students (through CDC’s Youth Risk Behavioral Surveillance System
(YRBSS)).

Sales information (e.g., condom sales) and administrative records (e.g., prescrip-
tions for oral contraceptives, surgical sterilization procedures) provide data for
estimating rates of contraceptive use. However, these data are frequently difficult
to interpret.
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Measurement issues: For social or religious reasons, respondents may not
disclose contraceptive practices. Furthermore, a respondent may not be aware of
the true contraceptive status of her or his partner.

For contraceptive methods that are temporary, technique and consistency of use
may alter efficacy. Information about these aspects of use, however, is difficult to
obtain retrospectively. A respondent may not be knowledgeable about her or his
partner’s consistency of use or technique of use.

Although sterilization data provide a numerator, a corresponding denominator
equal to the number of persons eligible to be sterilized (i.e., persons who have not
already been sterilized or whose partner has not been sterilized) is unknown. Thus,
a true sterilization rate cannot be determined. Although an individual may fill a
prescription, she may not use it consistently, which, in the case of oral contra-
ceptives, can greatly reduce efficacy. Family planning programs that use federal
Title X funds collect data on the annual number of visits and selected characteristics
of persons served and their attributes (96). Analysts cannot use these data to
compute rates, however, because they cannot be linked to a denominator of people
eligible for and needing services.

2.6.2 Descriptive Epidemiology

Temporal trends: Data from the NSFG provide the only source of long-term
national trends in contraceptive use. State-specific data on trends in contraceptive
use are not available. During the past two decades, the percentage of all women
aged 15-44 using contraception during the 3 months before interview increased
from 56% (1982) to 64% (1995), subsequently declining to 62% (2002) (90).
Among sexually active women at risk of pregnancy, the percentage not using
contraception during the 3 months before interview decreased from 12% (1982)
to 7.5% (1995), but increased again to 11% (2002). In contrast, use of contraception
at first premarital intercourse has steadily increased during the past two decades.
Among women whose first intercourse occurred during the 1980s, 61% used
contraception. This percentage increased to 73% by 1995-1998 and 79% by
1999-2002.

Geographic variability: Although variations in survey methods preclude
precisely quantifying differences in contraceptive use among countries, general
patterns emerge. International data show wide variation in the prevalence of
contraceptive use, with rates generally — but not always — highest in developed
countries. For example, among developed countries, recent (1997-2003) preva-
lence rates of contraceptive use (6) among women aged 1544 are:

China — 87%
Egypt — 59%
India — 47%
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Japan — 56%
Mexico — 74%

Peru - 71%
Philippines — 49%
South Africa — 60%
UK - 84%

USA -76%

For many developing countries, rates range from less than 10% (e.g., Angola,
Ethiopia, Sierra Leone) to mid-range prevalences of 20-50% (e.g., Haiti — 28%,
Kenya — 39%, Malawi — 33%). Prevalence rates in less-developed countries vary
widely, ranging from 40-65% (e.g., India — 47%) to >70% (e.g., Brazil — 77%,
China — 87%, Columbia — 78%, Mexico — 74%, Viet Nam — 77%).

Demographic variability. In the United States in 2002, the prevalence of con-
traceptive use among sexually active women aged 15-44 who were at risk of
unintended pregnancy increased modestly with age from a low of 82.0%
for women aged 15-19 to 89.5% for those aged 25-29 and 90.2% for those aged
35-29 (90). Contraceptive use also varied modestly by marital status (lowest among
never married non-cohabitating women — 83.8%, and highest among married
women — 92.0%), race and ethnicity (lowest for non-Hispanic Blacks — 84.9%,
intermediate for Hispanics — 88.4, and highest for non-Hispanic Whites — 90.6), and
intention to have more children (lowest among those intending to have more
children — 85.7%, and highest among those not intending to have more children —
91.7%). Contraceptive use varied negligibly by education or income (90).

Patterns of contraceptive use. Data from the NSFG show that, of all women aged
15—44 who used contraception in 2002, the distribution of women by primary
method was:

® 30.6% — contraceptive pills,

e 27.0% — female sterilization,

e 18.0% — condoms,

e 9.2% — male sterilization,

® 5.3% — 3-month injectables (Depo-Provera), and
* 9.9% — other methods.

The percentages of women using contraceptive pills and female sterilization dif-
fered little between 1982 and 2002 (90). Specific information about postcoital
contraception (so-called “emergency contraception’) has not been reported from
the 2002 NSFG.

2.6.3 Factors Influencing Use and Related Public Health
Interventions, and Their Use and Availability

All methods of contraception, including emergency contraception, are cost-effective
in reducing unintended pregnancies (91-94). Although evidence to support the
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efficacy of counseling by health professionals to prevent unintended pregnancy is
inconsistent (71), in 1996 the U.S. Task Force on Clinical Preventive Services
recommended “periodic counseling about effective contraceptive methods” for all
men and women at risk of unintended pregnancy (101).

Among the myriad factors influencing use of contraception among women not
desiring pregnancy are occurrence of side effects as well as fears about potential
side effects, partner’s attitudes, availability, cost, awareness of contraceptive
options, and the woman’s own ability to use a method correctly and consistently.
Public health interventions have largely focused on decreasing financial barriers to
contraception and increasing knowledge of it. Nonetheless, a study of services
provided by publicly funded family planning agencies from 1995 through 2003
documented persistent increases in costs for services (95). Two studies examin-
ing the impact of publicly-funded family planning services concluded that the
widespread availability of these services decreases the rates of unintended
pregnancy and its sequelae: abortion and unintended birth (96, 97). No comparable
studies have examined the impact of insurance coverage for contraception among
privately insured women. One can expect that by decreasing financial barriers to
contraception, insurance coverage for it would be associated with greater rates of
use and lower rates of unintended pregnancy.

In 2001, seventeen states required private insurers to provide comprehensive
coverage for contraception (105). These mandates are often referred to as “con-
traceptive equity” laws. A study conducted in 2001-2002 compared insurance
coverage for contraceptives between states with and without contraceptive equity
laws. The results showed that, in states with such laws, the percentage of insurance
plans covering contraception was significantly higher (with coverage ranging from
87% to 92%, depending on type of insurance plan) than in states without these laws
(contraceptive coverage ranging from 47% to 61% of plans) (98).

Most public health interventions to increase contraceptive use among persons
not desiring pregnancy have focused on preventing teen pregnancy, with emphasis
on school-based sex education and youth development. Data from the 2002 NSFG
show that, among adolescents aged 15-19, 66.2% of boys and 69.9% of girls had
received formal instruction on methods of birth control (99). A trend toward
“abstinence only” sex education (i.e., education that presents only abstinence as
a way to prevent pregnancy) (100) and laws requiring parental notification before
minors can receive contraceptives may hinder public health efforts to increase
contraceptive use among sexually active youth (101, 102).

Providing postcoital (emergency) contraceptive services is an intervention that is
relevant regardless of a woman’s age. Emergency contraception involves treatment
with pills containing hormones. It is available in the United States by prescription
only. Many public health professionals judge that the general population’s knowl-
edge of emergency contraception is limited. The question of whether increasing the
public’s knowledge will increase their use of it, with a concomitant reduction in
unintended pregnancy, is unanswered. As a first step in addressing this issue, in
1997 and 1998, researchers examined whether a media campaign could increase the
public’s knowledge of emergency contraception (103). Using a pre—post evaluation
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design, they observed an increase in knowledge of emergency contraception as well
as an increase in calls to emergency contraception hot-lines. Equally important,
television advertisements for postcoital contraception did not spark public
controversy.

However, experience in Scotland suggests that attempts at widespread advance
distribution of emergency contraception may not reduce rates of unintended preg-
nancy — as long as emergency contraception is available by prescription only.
During 2000-2001, when emergency contraception was available by prescription
only, investigators conducted widespread media campaigns encouraging women to
request emergency contraception — which was available for free — from their health-
care providers. The investigators used the rate of induced abortions as a surrogate
measure of the rate of unintended pregnancy. They observed no difference in the
rate of abortion between the target area and other areas in Scotland. Qualitative
investigation showed that, despite the media campaigns, both providers and women
were reluctant to discuss emergency contraception (104, 105).

From these observations, one can conclude that the benefits of emergency
contraception are unlikely to be realized unless access to it is less restricted. This
conclusion is especially relevant to regulatory decisions in the United States.
In 2004, the U.S. Food and Drug Administration (FDA) considered whether
emergency contraception should be available “over the counter”, i.e., without
prescription. Although a nongovernmental advisory group recommended over the
counter availability, the FDA opted not to accept this recommendation (106).

2.7 Preconception Care

2.7.1 Definition, Measures, Data Sources,
and Measurement Issues

Definition: Care that is provided before conception and that has the aim of improving
maternal and/or infant health during and after pregnancy. This care includes a broad
range of behavioral, pharmacological, and counseling interventions (107-112).
Interventions may include treating acute and chronic maternal diseases (e.g., hyper-
tension, diabetes, or anemia); assessing immunization status; supporting smoking
cessation; providing folic acid supplementation; and counseling. Counseling may
inform prospective parents of pregnancy-related risks for the mother or fetus (e.g.,
advanced maternal age).

Measures: Perhaps the best measure is receipt of indicated components of
preconception care. Note that some of the components vary among couples,
reflecting variations in health status. For example, a woman with diabetes would
be asked if, before her pregnancy, she received care for her diabetes with the aim of
improving the outcome of her pregnancy for herself and her baby. Thus, investi-
gators must obtain sufficient information about the respondent’s preconception
health status to determine the components of preconception care that she should
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have received. Using this information, an investigator can ask whether each com-
ponent was received.

In addition to ascertaining treatment for medical conditions, measures of pre-
conception care should also assess receipt of counseling to optimize maternal
health, for example, counseling to achieve optimal body weight and stop tobacco
and alcohol use. Measures should assess components of preconception care that are
universally recommended (e.g. use of folic acid supplements).

Data sources: In general, data are sparse. Receipt of preconception care (includ-
ing periconceptional use of folic acid supplements) is usually ascertained retrospec-
tively by inquiry to pregnant or postpartum women. Some of the states participating
in PRAMS may collect limited data on preconception counseling. Internationally,
data are collected from periodic surveys.

Measurement issues: Accurate measurement is difficult because a uniform
definition of preconception care does not exist. In addition, respondents may not
recognize or remember that they received preconception care. Some aspects of
preconception care must be tailored to the woman’s preconception health status.
Without information about this status, the adequacy of preconception care cannot
be fully assessed. Recollection of preconception care is especially problematic
when the interval between receipt of preconception care and conception is long.
For example, a long interval may occur for women with infertility.

Use of administrative data to measure receipt of preconception care is limited by
the lack of a Current Procedural Terminology (CPT) code distinguishing visits for
this reason (CPT codes are industry-wide codes used for billing and insurance
reimbursement for outpatient health care). To measure the impact of preconception
care, investigators must ascertain the extent to which the respondent followed the
recommendations or treatment plan that she received.

2.7.2 Descriptive Epidemiology

Temporal trends: Except for information about periconceptional use of folic acid
supplements, data on preconception care are sparse. Data from the National Health
and Nutrition Examination Surveys (NHANES) show marked increases in the
median serum and red blood cell folate concentrations for women aged 15-44
from 1988-1994 to 1999-2000 (113). Most of this increase probably reflects food
fortification and so is independent of preconception counseling. According to
nationally representative surveys by the March of Dimes, the percentage of non-
pregnant women aged 18—45 who took a daily vitamin supplement containing folic
acid increased from 25% in 1995 to 32% in 2000 and 31% in 2002. Many of these
women may take the supplement to maintain general good health. This possibility is
consistent with the low level of awareness of the U.S. Public Health Services’
recommendation for folic acid supplementation among child-bearing women. In
2002 only 10% of such women knew that folic acid should be taken before
pregnancy (2002).
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Data from the national Behavioral Risk Factor Surveillance System for 2004
show that, among women aged 18-44 who were not pregnant, more than half had
behaviors that increased their risks for an adverse pregnancy outcome. Nearly half
of the nonpregnant reproductive-age women from 12 selected states in 2004 said
that they “didn’t know about folic acid for birth defects prevention” (114).

Geographic variability. In the absence of a uniform definition of preconception
care, comparisons among states or countries are difficult to interpret. Because
periconceptional supplementation with folic acid is universally recommended, it
provides a crude measure of at least one component of preconception care. Data for
1998 from 12 states participating in the Pregnancy Risk Assessment Monitoring
System show a relatively modest range in the percentage of new mothers who were
aware of folic acid and its benefits: 66.4%—83.4% (115). Most but not all of these
states showed an increasing trend in awareness.

Demographic variability: Recent reports have shown wide variation in aware-
ness of the benefits of folic acid supplementation (115, 116). In general, awareness
is lowest for women who are unmarried, aged less than 30, or in a minority group, or
who have less than 12 years of education, a low income, or an unintended pregnancy
(117).

2.7.3 Public Health Interventions and Their Availability and Use

Nearly all public health interventions related to preconception health have sought to
increase periconceptional folic acid intake, either by fortifying foods (primarily
cereals and breads) with folic acid or promoting intake of vitamin supplements that
contain folic acid. The benefits of food fortification have been marked. Investiga-
tors observed a 31% reduction in the United States in the prevalence of spina bifida
from 1995-1996 (pre-folic acid fortification) to 1998—1999 (post-folic acid fortifi-
cation) (118). Investigators reported a similar impact in Canada of food fortification
with folic acid (119).

In 1992, the U.S. Public Health Service recommended that women of reproduc-
tive age at risk of pregnancy take supplements that include folic acid (1992).
A report issued in 2003 by the Association of State and Territorial Health Officials
(“State Efforts to Increase Folic Acid Consumption and Reduce Neural Tube
Defects™) reviewed public health approaches to increasing periconceptional sup-
plementation with folic acid. These approaches include into those focusing on
women and those focusing on their health-care providers.

A study conducted in 1999-2000 in California evaluated the impact of mailing
multivitamin supplements containing folic acid to members of a health-care orga-
nization. After an initial increase in supplement use, the prevalence of use returned
to prestudy levels, showing no impact of the intervention (120). In the same study,
investigators also failed to observe an impact of education about the benefits of folic
acid supplementation that was administered by providers to female patients.
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State health departments have established media campaigns and school education
programs aimed at increasing women’s knowledge of the importance of folic acid
supplementation. Mass mailings to health-care providers have been implemented to
educate them about the need to counsel women regarding folic acid supplementation.
An assessment of an educational campaign aimed at health-care providers in Florida
showed improvements in their knowledge of periconceptional folic acid and the self-
reported frequency with which they recommended it to patients (35).

A Danish study examined the cost-effectiveness of preconception care aimed at
smoking cessation and folic acid supplementation. The researchers concluded that
preconception care was not cost effective when only smoking-related morbidity and
neural tube defects were considered. The researchers suggested that preconception
care may have a net positive benefit if prevention of other adverse pregnancy
outcomes is taken into account (121).

Discussion Topics

1. What factors likely influence whether an individual or couple seeks medical care
for infertility? How prevalent are they?

2. How could increased availability of treatment for infertility influence pregnancy

outcomes?

. What factors account for differences in fertility among developing countries?

. What are the implications of the fertility rate for pregnancy outcome?

5. Can demographic attributes account for state-specific differences in fertility, unin-
tended pregnancy, and abortion rates? If not, what other factors are important?

6. What factors could explain a discrepancy between the percentage of women with
infertility, as measured from population-based surveys, and the percentage of
women who have ever sought infertility services (as measured from the NSFG)?

7. Why are data on sales of contraceptives and prescriptions for contraceptives
difficult to interpret when considering (a) prevalence of contraceptive use and
(b) trends in contraceptive use?

B W

Promising Areas for Future Research

1. Development of methods to measure population-wide adverse effects to the
women of infertility treatment.

2. Surveys of male views on pregnancy intention.

3. Development of methods to measure population-wide provision and impact of
preconception care.
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Abbreviations

ART Assisted reproductive technology

CDC Centers for Disease Control and Prevention
CPT Current procedural terminology

IVF In vitro fertilization

NCHS National Center for Health Statistics
NSFG National Survey of Family Growth
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Chapter 3
Maternal Morbidity

Despite the popular notion that pregnancy is a time of heightened well-being for
women, the opposite is often true. The absolute risk of death from pregnancy is low
in developed countries. Risks for pregnancy-related mortality, however, continue to
be high for women in developing countries, who often have limited ability
to control their fertility and limited access to emergency obstetrical services. The
persistent loss of productivity as well as the suffering associated with maternal
morbidity and mortality justify the study of these problems. Recent clinical and
public health focus has been mostly on the infant, rather than on the mother.

This chapter presents pregnancy-related health conditions, which are of interest
not only by their own importance, but also because of their repercussions for fetal
and infant health. We emphasize the risk of a specific morbidity in each of a
woman’s pregnancies, rather than the risk of that morbidity for a woman in any
of her pregnancies. We focus on pregnancy-related conditions that occur most
frequently or that most severely compromise maternal health in the USA. We
begin by examining definitions of maternal morbidity in general, and then consider
specific conditions. We conclude by discussing public health interventions.
In Chap. 4, we apply the same format to maternal mortality.

3.1 Definitions, Measures, and Measurement Issues

Definition: Last defines morbidity as “any departure, subjective or objective, from a
state of physiologic or psychological well-being” (1). Table 3.1 presents our
definition of maternal morbidity, which parallels the currently most widely used
definition of maternal mortality (Sect. 4.1). Morbidity may have its onset during
pregnancy and delivery or an unlimited time after pregnancy termination. It
may resolve or result in long-term disability. For morbidities with onset during
pregnancy, the length of gestation at onset often indicates disease severity, with
earlier onset often corresponding to more severe disease (2).

Measuring all maternal morbidity is difficult. Severe, near-miss maternal mor-
bidity has emerged as a measure of importance in its own right as well as a sentinel
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Table 3.1 Definitions of maternal morbidity

1. Condition that is directly caused by pregnancy, regardless of whether it manifests during or
after pregnancy termination; or

2. Condition that existed before pregnancy, but is exacerbated by pregnancy; or

3. Condition whose causal relationship to pregnancy is undetermined.

for the level of general maternal morbidity (3—10). Near-miss morbidity comprises
acute conditions related to pregnancy that, if untreated or inadequately treated,
could result in death. Near-miss morbidity is a slight misnomer, because it actually
refers to a death (not a morbidity) that was nearly missed. Although researchers
have not established a standard, widely accepted definition of near-miss morbidity,
they use a combination of diseases (e.g., eclampsia), morbid events (e.g., stroke),
and procedures (e.g., transfusion) to identify it (4). Causes of near-miss morbidity
are diverse and include uterine atony, sepsis, severe hypotension, uterine rupture,
placenta accreta, pulmonary edema, and hypertensive disease. Empirical data
demonstrating a relationship between near-miss morbidity and either overall
maternal morbidity or overall mortality have not been published.

Near-miss morbidity comprises acute conditions related to pregnancy that, if
untreated or inadequately treated, could result in death.

Person-time combines the concepts of persons and time. It accounts for
variability in the length of observation among persons. An individual’s
person-time is the amount of time for which she is observed. Observation
may end when the event of interest occurs, the person is lost to follow-up, or
the study ends. For example, in a study of the occurrence of postpartum
depression during 8 weeks after delivery, a woman with onset of depression at
3 weeks postpartum contributes 3 weeks of person-time. A woman followed
to the end of the study without developing depression contributes 8 weeks of
person-time.

Measures: Analysts may compute the risk or rate of morbidity. When an entire
population is followed throughout pregnancy, the morbidity risk is computed as the
proportion of pregnancies complicated by the morbidity. Note that this definition
uses the pregnancy, rather the woman, as the unit of observation. Alternatively, an
analyst may compute the incidence rate for a morbidity, using the number of events
in the numerator and the number of weeks (or months) of person-time in the
denominator. If person-time is very short, such as the few hours or days surrounding
delivery, analysts may compute the rate as a risk, counting the denominator as the
number of pregnancies under observation. For example, the proportion of women
delivering by cesarean section in a given interval of time adequately describes the
rate of cesarean delivery.

When computing incidence rates for an event that may recur, such as urinary tract
infections (UTI), analysts use its first occurrence in the numerator and person-time in
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the denominator. For the incidence rate of second events, the numerator is the
number of second events and the denominator is the person-time of women who
have already had one event, beginning to count time from the onset of the first
event. This approach insures that only women who have the potential for being in
the numerator are included in the denominator.

Data from administrative sources, such as hospital discharge summaries, are
usually coded numerically using the International Classification of Diseases (ICD),
which is maintained by the WHO.

International Classification of Disease (ICD)

The ICD is a numerical coding system for all causes of morbidity and
mortality. The ICD is maintained by the WHO and reflects input from its
member countries. To reflect changes in knowledge, the WHO has revised the
ICD ten times since its inception in 1893.

The ICD-9 has been used since 1979. The ICD-10 became available in
1998. The ICD-9 continues to be widely used in the USA. Codes in the ICD-
10 use a letter and numbers; those in the ICD-9 use numbers only. Informa-
tion about ICD-9 and ICD-10 is available from the WHO’s web site. The
NCHS’ web site lists modifications of the ICD codes that are used in the USA.
Regardless of the ICD version, the ICD modification, ICD-CM (clinical
modification) is used widely.

Revisions in ICD codes complicate interpretation of disease trends, nota-
bly when conditions previously lumped into a catch-all category (e.g., other)
are moved into a specific category. For example, for pregnancy-related
hypertension, the ICD-10 is considerably more detailed than the ICD-9.

Data Sources: Potential sources for morbidity data include medical examination,
abstraction of medical records, electronic clinic or administrative databases (e.g.,
hospital discharge summaries), pharmacy and laboratory data, surveys of hospitals
or women, and certificates for fetal deaths or live births (Table 3.2).

Medical examinations prospectively ascertain morbidity. They are typically
performed on a convenience sample of women, such as those receiving prenatal
care at a clinic. They may be performed during and after pregnancy, when women
are likely to receive obstetrical services. For example, contact occurs at enrollment
for prenatal care and hospitalization for delivery. Medical examinations differ from
routine care, because they use a standard protocol for collecting data needed to
determine the presence or absence of morbidity. Medical examinations may also
provide data on postpartum morbidities.

Medical records abstraction requires review of records to identify diagnoses,
treatments, and their relevant dates. Hospital records for delivery usually include a
summary of prenatal care that lists diagnoses and procedures. These delivery-
related hospital records do not include outpatient postpartum care unless the
outpatient requires hospitalization and the hospitalization occurs at the same



Table 3.2 Sources of data on maternal morbidity

Data source Strengths

Limitations

Comments

« Consistent diagnostic criteria can be
applied.

Medical examination

« Usually provides data on morbidity from
start of prenatal care through final
postpartum visit, permitting estimation
of incidence and prevalence.

Medical record
abstraction

« Often automated and detailed.

* Usually provide data on morbidity from
start of prenatal care through final
postpartum visit, permitting estimation
of incidence and prevalence.

* May include repeat pregnancies for the
same woman, permitting longitudinal
study of morbidity for that woman.

« If data are gathered over time, useful for
assessing temporal changes in practice
patterns.

* May permit longitudinal assessment of
morbidity if women received all their
care at one institution.

Clinic databases

« Ascertainment completeness depends on use of
antepartum and postpartum care.

» Single exams provide data for prevalence, not
incidence.

» Repeat exams needed to estimate incidence.

« Costly, especially if exams repeated antepartum
and postpartum.

« Usually not population-based.

« Ascertainment completeness depends on use of
antepartum and postpartum care.

« Data needed to confirm or rule out a diagnosis
may be absent.

» For women receiving care at different sites from
different providers, data will be incomplete if
records from all providers are not available.

 Costly.

* Usually not population-based.

« Confidentiality concerns may preclude use for
research.

* Ascertainment completeness depends on use of
antepartum and postpartum care.

« Not population-based.

* Data needed to confirm or rule out a diagnosis
may be absent.

« Costly to implement data collection and
monitor its quality.

« Access often restricted to clinic staff.

+ Confidentiality concerns may preclude use for

research.

* Usually performed for special
studies.

* Usually performed for special
studies.

» Found most often at academic
medical centers.
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Administrative
databases

Pharmacy and
laboratory
databases

Surveys of
hospital-
discharges
summaries

» Automated.

» Low-cost.

« Often available for large numbers of
gravidas.

« Usually use standard codes for diagnoses
and procedures.

« Automated.

* Low-cost.

* Often available for large numbers of
gravidas.

« May be linked to administrative or clinic
data, providing a more complete
understanding of morbidity.

» Most comprehensive source for
morbidities that are present at delivery.

« If population-based, useful for
surveillance.

« Usually use standard codes for diagnoses
and procedures.

« Ascertainment completeness depends on use of
antepartum and postpartum care.

« Not population-based.

* Usually limited range of data.

« Data usually collected for another purpose;
limited or no quality control.

» Access often restricted to clinic staff.

* Confidentiality concerns may preclude use for
research.

« Ascertainment completeness depends on use of
antepartum and postpartum care.

 Not population-based.

» Range of data often limited.

» Access often restricted to clinic staff.

« Confidentiality concerns may preclude use for
research.

« Data usually collected for another purpose;
limited or no quality control.

« For pharmacy data, reason for use is unknown (a
single drug may be used to treat multiple
conditions).

 Costly.

* Not useful for antepartum and postpartum
conditions that do not require hospitalization.

« Trends in practice patterns may hamper
interpretation of findings.

» Demographic data are usually limited.

« Usually not possible to identify repeat

hospitalizations for the same woman.

* Typically available from
insurance companies, health
care organizations and

hospitals.

* Typically available from
insurance companies and health

care organizations.

« National Hospital Discharge
Survey provides national data.

« The State Inpatient Databases
(SID) provide state-wide
hospital discharges in a

uniform format from

approximately 28 states.

« Several states link hospital
discharge data with birth
certificates, permitting

detection of repeat

hospitalizations for an

individual woman.

(continued)
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Table 3.2 (continued)

Data source Strengths

Limitations

Comments

« Usually population-based, thus
providing generalizable data.

* Ascertains morbidity, regardless of
whether woman hospitalized for it.

« Useful for surveillance.

« Available in electronic format.

* Available for all women whose
pregnancies end in a delivery.

« Low-cost.

Surveys
based on
self-report

Fetal death and birth
certificates

« Costly.

* Bias due to non-response.

« Bias due to respondent’s inability or reluctance
to give accurate information.

* Underascertainment and probably bias.

* Not useful for postpartum conditions.

* Not useful for morbidity associated with
pregnancies that do not end in delivery.

¢ Delay in availability.

« PRAMS and BRFSS are
examples.

* May be linked with hospital
discharge data, providing more
comprehensive understanding of
morbidity.
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place as the delivery. Thus, postpartum morbidity must be obtained from outpatient
records. Complete ascertainment of morbidity usually requires review of inpatient
and outpatient records. Wider use of electronic medical records likely will provide a
readily accessible source of data on outpatient care.

Clinic databases are typically found at large academic medical centers. They
generally are collected for research purposes and include a standard set of detailed
data for all the women for whom the medical center provided obstetrical care.
These data are collected and managed in an electronic format suitable for analysis.

Electronic administrative databases are often developed for insurance reimburse-
ment. Healthcare insurers may accrue databases that include ante-, intra-, and postpar-
tum care diagnoses and treatments. Using standard forms for each patient encounter,
clinicians select diagnoses and treatments from a form that lists them and their
respective codes. The codes are then transformed to an electronic format. Insurers
typically maintain separate databases for outpatient and hospital care. For billing and
other purposes, hospitals maintain electronic databases of each patient’s diagnoses and
treatments (i.e., procedures). Most administrative databases use standard ICD and CPT
(Current Procedural Terminology) codes for diagnoses and treatments, respectively.

Insurers and large health care providers maintain electronic databases of med-
icines that are dispensed to patients. Laboratories maintain electronic databases of
results of laboratory tests. A single drug may be prescribed for a variety of
conditions and a laboratory test may be used to monitor or diagnose many condi-
tions. Thus, the utility of pharmacy and laboratory databases often depends on
success in linking them to clinic and hospital databases that include patients’
diagnoses. With such linkage, researchers can use pharmacy and laboratory data
to categorize disease severity. Electronic medical records typically include data on
medicines that are prescribed as well as laboratory results.

Hospital surveys may include partial or 100% samples of hospital discharge summa-
ries. The National Hospital Discharge Survey (NHDS) is a national probability sample of
discharges from nonfederal, short-stay hospitals. The National Center for Health Statis-
tics (NCHS) conducts it annually and includes hospital discharges for approximately
31,000 deliveries. Data include hospital characteristics, discharge diagnoses, procedures,
demographic and payment information, and status at discharge. Because the survey
samples hospitalizations rather than individuals, an individual may be sampled for an
antepartum hospitalization as well as the hospitalization for her delivery. This potential
double sampling limits the usefulness of the NHDS for measuring morbidity, except for
conditions that are present at delivery. For these morbidities, all deliveries serve as an
unduplicated denominator. Although the NHDS contains nearly complete data on
hospital attributes and payment source, a substantial portion of records lacks data for
marital status and race, diminishing the validity of analyses based on these variables. Over
more than three decades that the NHDS has been conducted, researchers have maintained
the overall representativeness of the sample by deleting or adding hospitals. The hospital
sample was most recently updated in 1991, 1994, 1997, and 2000. Rate changes in these
years may be due partly to changes in the composition of the hospital sample.

The State Inpatient Databases (SID) are part of the Health Care Cost and
Utilization Project sponsored by the federal Agency for Healthcare Quality and
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Research (AHRQ). The SID include statewide hospital discharge data, prepared in a
uniform format, for approximately 28 states (http://www.hcup-us.ahrq.gov/sidover-
view.jsp. Accessed December 20, 2007). Variables include principal and secondary
diagnoses, principal and secondary procedures, admission and discharge status,
patient demographics, expected payment source, total charges, length of stay and,
for selected states, hospital and county identifiers that permit linkage to the Ameri-
can Hospital Association Annual Survey file.

Several states obtain data for all hospital discharges in the state and link them to
birth and fetal death certificates, permitting assessment of antepartum and delivery-
related hospitalizations for individual women.

Self-reported data derive from surveys, which ask women about illness before
pregnancy and/or after delivery. The state-based Pregnancy Risk Assessment
Monitoring System (PRAMS) exemplifies such a survey (http://www.cdc.gov/
prams. Accessed December 20, 2007). The analysts who conduct PRAMS sample
new mothers from birth certificates. Mothers are contacted by mail or telephone and
asked about their experiences during and after pregnancy. The National Survey of
Family Growth (http://www.cdc.gov/nchs/nsfg.htm. Accessed December 20, 2007)
and the Medical Expenditure Survey (http://www.meps.ahrq.gov/mepsweb/
accessed December 20, 2007) also ascertain self-reported pregnancy-related illness.

The 1988 National Maternal and Infant Health Survey used a national, popula-
tion-based sample of more than 13,000 women whose pregnancies ended in live
births or late fetal deaths (11, 12). This survey obtained data from fetal death and
birth certificates, maternal questionnaires, and records for prenatal care and hospi-
talization for delivery. The low response rate for clinical data has limited the
generalizability of this one-time survey.

Self-reported data offer the potential for completely ascertaining the full scope
of mild to severe antepartum, intrapartum, and postpartum morbidities for an
individual woman. Attaining this potential depends on the respondent’s complete-
ness and accuracy of recall. Apart from data collected by health care organizations,
no single source provides data on the continuum of maternal experience from the
antepartum through the postpartum periods.

Population-based data for morbidity experienced by an individual woman across
her pregnancies are limited and available for a few populations. Working with a
state’s birth and fetal death certificates for 5 or more years, researchers have linked
successive deliveries. Birth and fetal death certificates, however, generally grossly
underascertain maternal morbidity. Hospital discharge summaries ascertain mater-
nal morbidity much more completely (13). Analysts in at least one state have linked
maternal hospital discharge summaries to birth and fetal death certificates, which
were linked across pregnancies. These linkages produce the best available popula-
tion-based data on maternal morbidity across pregnancies.

Certificates for fetal deaths or live births collect a wide range of information
about maternal conditions occurring during pregnancy and delivery (Table 3.3). In
some instances, severe morbidity, whose diagnosis is unspecified, is indicated by
provision of unanticipated care, such as admission to an intensive care unit.
Methods for completing birth certificates vary widely. The birth attendant, a clerk
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Table 3.3 Maternal morbidity data collected on the U.S. Standard Certificate of Birth, 2003
1. Prepregnancy: diabetes, hypertension
2. Gestational: diabetes, hypertension
3. Infections present during gestation: gonorrhea, syphilis, herpes simplex virus, chlamydia,
hepatitis B, hepatitis C
Prolonged labor
Clinical chorioamnionitis
Maternal transfusion
3rd or 4th-degree laceration
Ruptured uterus
Unplanned hysterectomy
10. Admission to intensive care unit
11. Unplanned operating room procedure following delivery

R A

Birth attendants check boxes to indicate which conditions are present (Source: http://www.cdc.
gov/nchs/vital_certs_rev.htm, accessed December 20, 2007)

who reviews the hospital record, or other personnel, may provide information for
these certificates.

Measurement Issues: Table 3.2 summarizes strengths and limitations of the
range of data on maternal morbidity. No source provides high-quality data on
antepartum, intrapartum, and postpartum pregnancy-related morbidity that is suit-
able for surveillance. The only exception is population-based maternal hospital
discharge data for deliveries, which provide information on intrapartum morbidity
and the small set of morbidities that persist until delivery, such as preeclampsia and
gestational diabetes. Transient morbidities as well as those for which most women
are treated as outpatients, such as nausea and vomiting, urinary tract infection, or
preterm labor remain difficult to ascertain accurately. No population-based surveil-
lance data are available about long-term pregnancy-related disabilities, such as
urinary incontinence.

When ascertainment is based on self-report, self-recognition of illness and
willingness to reveal illnesses may hinder ascertainment. This may be particularly
true for conditions that carry social stigma, for example, sexually transmitted
diseases and psychiatric conditions, such as depression.

A final challenge relates to temporal changes in diagnostic criteria, treatment
practices, and healthcare insurance, which may complicate interpretation of trends.
For example, the increased emphasis on cost containment that occurred during
the 1990s resulted in lower hospitalization rates for many maternal morbidities,
although the underlying incidence of these conditions may not have changed.
Another apparent trend during the 1990s is the increasing number of diagnoses
on hospital summaries. Scrutiny of hospitals’ and clinicians’ charges by managed
care organizations may have encouraged these providers to justify their charges by
recording diagnoses more completely.

This discussion focuses on morbidity occurring in pregnancies that result in
delivery. Very little data exist for morbidity related to ectopic pregnancy (14) and
spontaneous and induced abortion. Only small portions of women with these
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conditions are hospitalized. Population-based outpatient data for the remaining
majority of women are not widely available.

Measuring Maternal Morbidity Internationally: Developed countries with
national systems of health care and unique personal identifiers (e.g., Denmark,
Norway, Sweden) are virtual gold mines of information on maternal morbidity.
These countries often have large electronic databases that permit researchers to
identify women with specific morbidities and to observe recurrence patterns within
individual women. In contrast, many developing countries lack an infrastructure for
providing health care as well as the capacity to develop an electronic database to
track such care. In consequence, aside from special studies, ascertaining maternal
morbidity is very difficult.

Healthy People 2010 Objectives for Maternal Morbidity (15):

e 16-5a: Reduce maternal illness and complications during hospitalized
labor and delivery to 24 per 100 deliveries.

e 16-5b: Reduce ectopic pregnancies.

e 16-5c: Reduce postpartum complications, including postpartum depression.

The Healthy People 2010 Objectives comprise more than 400 health-related
objectives for the USA. They were developed and are monitored by federal
agencies with broad public consultation.

3.2 Overall Maternal Morbidity

Overall Occurrence: The baseline for Health People 2010 Objective 16-5a provides
the best current measure of overall maternal morbidity prevalence. It is measured
from the NHDS. Because this measure includes only pregnancy-related morbidities
that persist until delivery (e.g., gestational diabetes, preeclampsia, etc.) and none
that occurs after delivery, it grossly underestimates total maternal morbidity.
In 1998, 31.2 complications occurred during every 100 hospitalizations for labor
and delivery and this is the baseline rate (http://www.healthypeople.gov/document/
html/objectives/16-05.htm. Accessed December 20, 2007). The rate increased
in 1999 (31.4/100) and 2000 (32.2/100), then dropped slightly in 2001 (31.8/100).
By 2002, the rate was 4% below the baseline rate. Data for geographic variability
are not available. African-American women consistently have a higher rate than
white women. For example, in 2001, the rate for African-American women was
39.0 per 100 deliveries, but for white women it was 30.0 per 100 deliveries. The
complication rate is modestly lower for women in their twenties, compared with
older or younger women.

Diverse, etiologically heterogeneous conditions contribute to maternal morbidity.
To better understand these constituents of morbidity, we examine the most frequently
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occurring ones. We begin with antepartum conditions, continue with complications
of labor and delivery, and end with postpartum illnesses.

3.3 Antepartum Conditions

As judged by hospitalization rates, antepartum morbidity is common. A study of
maternal hospitalization during pregnancy among 46,179 women who were en-
rolled in managed care in 1997 showed that 8.7% were hospitalized (16). Of these
women, 12.5% had more than one hospitalization during pregnancy. Nearly a
quarter of all hospitalizations were related to pregnancy loss. Among women
whose pregnancies ended in a live birth, 5.8% were hospitalized and discharged
while still pregnant and 0.8% were hospitalized for >4 days before delivery. This
study did not include hospitalization for ectopic pregnancy, which is an important
cause of severe morbidity and mortality.

Computing the ratio of hospitalizations during pregnancy to deliveries for 1999
and 2000 in the USA, Bacek and colleagues reported a ratio of 12.8 per 100 deliveries.
These analysts used data from the NHDS (17). Studying the ratio of hospitalization
during pregnancy per 100 deliveries in Canada from 2002 to 2003, analysts reported a
rate of 13.6. They observed variations among provinces/territories (30 per 100 in
Yukon) and by maternal age (27.1 per 100 women aged <20 years) (18).

3.3.1 Ectopic Pregnancy

Occurrence: During the 1990s, clinical management of ectopic pregnancy switched
from predominately inpatient care to outpatient care. In the absence of reliable data
on outpatient care, accurate estimation of the rate of ectopic pregnancy in the USA
during the 1990s is virtually impossible (14). US data from the 1970s, 1980s, and
early 1990s show a consistent rise in the number of ectopic pregnancies (Fig. 3.1)
(19). Data from women in Northern California who were insured by Kaiser
Permanente from 1997 to 2000 show an annual rate of 20.7 ectopic pregnancies
per 1,000 reported pregnancies and a ratio of 1.03 per 1,000 women aged 15-44
years (20). These data are similar to the incidence of ectopic pregnancy observed
nationally during the early 1990s.

Data from a district in London show a decline in the rate of ectopic pregnancy
from 2.4 per 1,000 deliveries in 1990 to 1.6 per 1,000 in 1999 (21). Researchers
have observed declines during the 1990s of smaller magnitudes in France (22) and
New South Wales, Australia (23). A hospital-based study in Sweden reported
decreases in ectopic pregnancy from 1985 through 1995 (24).

More recent data from central France for 1992-2002 showed a 2% decrease in
the ratio of ectopic pregnancy per 1,000 women aged 15-44 years to 0.953 (25).

Demographic Variability and Characteristics of Women with Ectopic Pregnan-
cies: The characteristics of women who have ectopic pregnancies reflect the
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Fig. 3.1 Number of ectopic pregnancies — United States, 19701992 (Source: (18))

demographic distribution of women, variations in fertility among women, and
attributes associated with the underlying etiologies of ectopic pregnancy. Varia-
bility in risks associated with demographic attributes mirrors the underlying etiol-
ogies of ectopic pregnancy in a specific population. For example, ectopic pregnancy
is associated with tubal ligation (26). In the USA, a greater proportion of older
women are likely to have completed their childbearing and had tubal ligations.
Thus, older women in the USA are likely to have a higher risk of ectopic pregnancy
than younger women. Because fertility rates are highest among women in their
twenties, and women currently in their twenties have a higher likelihood of having
had a chlamydia infection (a risk factor for ectopic pregnancy) than older women, a
large portion of women with ectopic pregnancies are likely to be in this age group.

“The U.S. Preventive Services Task Force (USPSTF) recommends screening
for chlamydial infection for all sexually active nonpregnant young women
aged 24 and younger and for older nonpregnant women who are at increased
risk.”
(http://www.ahrq.gov/clinic/uspstf/uspschlm.htm. Accessed December 20,
2007)

Risk Factors and Related Public Health Interventions: Ectopic pregnancy
is etiologically associated with cigarette smoking; tubal ligation; current or past
use of an intrauterine device; vaginal douching; ovulation induction; congenital
malformations of the fallopian tubes, often secondary to the women’s in-utero
exposure to diethylstilbestrol; and history of pelvic inflammatory disease,
chlamydia infection, interrupted pregnancies or pelvic surgery (25, 27-32).
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Public health interventions include reducing cigarette smoking among women,
promoting targeted screening for sexually transmitted infections, especially
chlamydia, and discouraging vaginal douching.

Availability and Use of Public Health Interventions: Public health workers
have identified effective interventions to reduce cigarette smoking (33). Health
workers have implemented some — but not all — of these interventions (34, 35).
No public health interventions to discourage vaginal douching have been tested.
Public health activities to promote screening for sexually transmitted infections
include recommendations by the US Task Force for Clinical Preventive Services
for screening. The National Committee for Quality Assurance, which accredits
managed care organizations, uses an organization’s rate of chlamydia screening
as a health care quality measure. These actions encourage providing chlamydia
screening and insurance coverage for screening as well as measuring screening
rates.

3.3.2 Nausea and Vomiting (Hyperemesis of Pregnancy)

Occurrence: Nausea and vomiting occur initially at 4-8 weeks gestation and
spontaneously abate by 20-22 weeks (36, 37). Although frequent vomiting —
hyperemesis — is not life-threatening, it sometimes results in dehydration severe
enough to require hospitalization. Studies from the USA, Nova Scotia, Canada, and
Sweden have reported that approximately 1% of women with deliveries were
hospitalized for hyperemesis (16, 38, 39). The study from the USA was from a
managed care population. In this study, hospitalizations for hyperemesis repre-
sented 9.3% of all hospitalizations among women who had a live birth. In the
Swedish cohort, the overall rate of nausea and vomiting was 79%. Thus, many
women experienced nausea and vomiting, but very few required hospitalization.

Factors Influencing Occurrence: Although nausea and vomiting are nearly
ubiquitous during pregnancy, several factors modify its occurrence. The rate
of nausea and vomiting is lower among women who smoke, those who take
multivitamins early in pregnancy, and those aged >30 years. It is higher among
multiparous women, those with hyperthyroid disorders, psychiatric illness, previ-
ous molar pregnancy, preconception diabetes, gastrointestinal disorders, and asth-
ma as well as those with multiple gestations or a female fetus (38, 40, 41). Little is
known about trends in occurrence or preventive measures.

3.3.3 Urinary Tract Infections

UTI occur frequently during pregnancy, delivery, and the postpartum period.
Bacteriuria, bacteria in the urine, often precedes UTI. A study of women with
“untreated group B streptococcal bacteriuria in early pregnancy” showed that,
compared with uninfected women, they had an increased risk for “chorioamnionitis
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at delivery” (42). Investigators have reported a prevalence of bacteriuria at entry to
prenatal care of 2.7% among women who delivered at three hospitals in North
Carolina (43). Among Canadian women who were tested repeatedly in the first,
second, and third trimesters, 4.7% had asymptomatic bacteriuria (44). A hospital-
based study of pregnant Irish women reported prevalences of 4.7% for bacteriuria
and 3.2% for symptomatic UTI (45). A study of enrollees in a managed care plan
reported that, among women whose pregnancies ended in a live birth, 3.5% were
hospitalized during pregnancy at least once for UTI (16).

Trends: Data from the NHDS show an increase in the percentage of delivery-
associated discharges with a code for “infections of genitourinary tract in pregnan-
cy” (ICD 9 646.61 or 646.62) from 1.8% of discharges in 1990 to a peak of 3.7% in
1998, declining to 2.6% in 2000 and 2.5% in 2001. The increasing trend should be
interpreted cautiously, because it may reflect improved ascertainment or more
complete coding of diagnoses.

Geographic Variability: Data from the NHDS show that during the 1990s, the
West had the lowest percentage of delivery-associated discharges with diagnoses
coded as ICD-9 646.61 or 646.62. In most years during this decade, the highest
percentage was in the Northeast.

Demographic Variability: NHDS data also show that, throughout the 1990s
among delivery-associated discharges, a lower percentage of married women than
single women had diagnoses coded as IC9-9 646.61 or 646.62 (Fig. 3.2). This
pattern held across all maternal age groups. The impact of maternal race on the
association between marital status and UTI could not be assessed because race was
missing for a substantial proportion of women.

Factors Influencing Occurrence: Medical factors that increase the risk for UTI
after 20 weeks of gestation include a history of UTI, either before pregnancy or
earlier in pregnancy, a history of chlamydia infection, and preeclampsia (46, 47).
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A study found that ingesting supplements that included Vitamin C during pregnan-
cy substantially reduced the risk of UTI (48).

Influenza: Observations from the 1918 and 1957 influenza pandemics show
that pregnant women have increased risk for influenza-related morbidity (48).
Investigators have estimated that, during an average influenza season lasting
2.5 months, 25 of 10,000 third-trimester women will be hospitalized with
influenza-related morbidity (49). This rate is substantially higher than that for
first-trimester or postpartum women. Because of this increased risk for
influenza-related hospitalization, the Advisory Committee on Immunization
Practices recommends inactivated influenza vaccine for women who will be
in their second or third trimesters of pregnancy during influenza season (50).
To minimize risk to the fetus, immunization should occur after the first
trimester.

3.3.4 Gestational Diabetes

Gestational diabetes mellitus is defined as “the presence of carbohydrate intoler-
ance of varying degrees of severity with onset or first recognition during pregnan-
cy” (52). Screening for gestational diabetes is not recommended by the United
States Task Force on Clinical Preventive Services, because of the absence of
documented maternal or fetal benefits (53—56). Nonetheless, screening routinely
occurs, usually between 24 and 28 weeks of gestation.

In 2000, the American Diabetes Association decreased the plasma glucose
threshold for diagnosing gestational diabetes (57). Investigators observed that this
change increased the rate of gestational diabetes detected through screening from
3.2% (using the previous threshold) to 4.8%. Groups with low baseline rates of
gestational diabetes showed the greatest increase. For example, the detected rate
increased 70% for women <25 years of age and 58% for white women (58). The
change in diagnostic criteria will complicate interpretation of trends in gestational
diabetes. Increasing levels of preconception overweight and obesity as well as
increases in the proportion of women aged >35 who are bearing children are likely
to raise the rate of gestational diabetes.

Women with gestational diabetes have increased risks for preeclampsia, prema-
ture rupture of membranes, and cesarean section delivery (59). Their infants have
increased risks for macrosomia and preterm delivery (59, 60). Compared with
women without gestational diabetes, those who develop it face a 10-50% risk of
developing type 2 diabetes during the 5 years after they deliver (61).

Occurrence: Among women who received their prenatal care through a man-
aged care organization in California, 5.1% were diagnosed with gestational
diabetes in 1991. This percentage rose to 7.4% in 1997 and dropped to 6.9% in
2000 (62). Among women in Colorado who also received care from a managed
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care organization, the percentage diagnosed with gestational diabetes rose from
2.1% in 1994 to 4.1% in 2002 (63). Both of these studies used a consistent
diagnostic standard for gestational diabetes throughout the years of observation.
A study using the newer 2000 plasma glucose threshold for diagnosing gestational
diabetes found a prevalence of 4.8% among a cohort of more than 26,000 women
who were screened at a mean gestation of 27 weeks (58).

Trends: Data from the NHDS show that, during the 1990s, the percentage of
women diagnosed with gestational diabetes at delivery increased from 1.9% in
1990 and 1991 to 3.5% in 2000 and 3.7% in 2001. The increasing trend was evident
in strata defined by region of the USA and maternal age, race, and marital status.

Geographic Variability: NHDS data for the 1990s showed that the rate of
gestational diabetes at hospitalization for delivery was consistently higher in the
Northeast United States than in other regions.

Demographic Variability: The risk for gestational diabetes is highest among
women who are 35 years or older (64), have a low socioeconomic status, or are
Native American, Asian, or from the Indian subcontinent or Middle East (58, 59,
65-67). Data from the NHDS show consistently elevated rates of gestational
diabetes at hospital discharge among women aged 30 years and older (Fig. 3.3).
Relative to older women, women aged 19 years or younger have the lowest rates of
gestational diabetes. Of note are the high prevalences observed in Native Amer-
icans, such as Zunis (15.3%) (68), Cree (11.4%) (69), and those in Saskatoon,
Canada (11.5%) (70).

Factors Influencing Occurrence: Risk for gestational diabetes is increased
among women who are obese before conception, infrequently are physically active,
have a family history of gestational diabetes, or have a history of infertility,
gestational diabetes, cesarean delivery, or neonatal death (59, 65-67, 71). The
risk of recurrence of gestational diabetes ranges from 30 to 69%. One study
observed that women who experienced gestational diabetes in two preceding
pregnancies had a recurrence risk of 72% (72). A higher maternal preconception
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weight increases the risk for recurrence. The effectiveness of preconception weight
loss in lowering the recurrence risk is unknown. The recurrence pattern is consistent
with the possibility that some women have a strong inherent predisposition for
gestational diabetes.

Overweight, Obesity, and Maternal Morbidity

Preconception obesity increases the risk for a range of morbidities, with the
degree of increase relative to the extent of the obesity. Compared with
normal-weight women, obese women have increased risks for gestational
diabetes, pregnancy-induced hypertension, preeclampsia, labor induction,
unsuccessful attempted vaginal birth after cesarean delivery, nonelective
cesarean delivery, postcesarean infections, and endometritis (58, 72-76).
The length of perineal lacerations is positively associated with maternal
body mass index (BMI), after adjusting for infant head circumference (77).
Infants of overweight or obese women are more likely to be macrosomic and
require admission to a neonatal intensive care unit (58, 72, 75, 76). National
trends show an increasing prevalence of overweight and obesity and younger
ages at their occurrence (79-81). These trends will increase potentially
preventable maternal and infant morbidity. Preventing overweight and obesi-
ty is an important target for public health interventions.

3.3.5 Pregnancy-Related Hypertensive Disorders

We consider hypertensive disorders that are etiologically related to pregnancy includ-
ing transient gestational hypertension, mild and severe preeclampsia, and eclampsia.
Preeclampsia and eclampsia may occur before or after delivery and may be super-
imposed on hypertension that existed before pregnancy. These disorders likely have
multiple etiologies. At least one investigator has suggested dividing preeclampsia into
early (<34 weeks’ gestation) and late onset, a suggestion supported by differences in
fetal growth among preterm and term infants delivered to preeclampic women (82, 83).
Hypertensive disorders are associated with increased risk for placental abruption and
associated hemorrhage, acute renal dysfunction, disseminated intravascular coagula-
tion, HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets), mater-
nal death, and fetal and infant morbidity and mortality (84, 85). Women who
experience preeclampsia subsequently have higher risks for thromboembolism, hyper-
tension, and death from cardiovascular disease (86—89).

Occurrence: Inconsistencies in diagnostic criteria may account for at least part of
the temporal, geographic, and demographic variability in the occurrence of hyperten-
sive disorders. Pregnancy-associated hypertensive disorders are relatively common.
In a cohort of women who had a live birth in 1997 and were enrolled in a managed
care organization during their pregnancies, 9.1% were hospitalized at least once for a
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pregnancy-associated hypertensive disorder (16). The cohort’s prevalence of preg-
nancy-associated hypertensive disorders was undoubtedly higher than this hospi-
talization rate, because not all women with these disorders are hospitalized.

Among hypertensive disorders, transient hypertension of pregnancy is the most
prevalent and eclampsia the least prevalent. The most current and informative
American study of the occurrence of hypertensive disease associated with
pregnancy followed 4,302 nulliparae from the second trimester to delivery (90).
In this cohort, 16.6% developed mild pregnancy-associated hypertension, 5% mild
preeclampsia, 0.7% severe pregnancy-associated hypertension, and 2.5% severe
preeclampsia (85). Because nulliparae have a higher risk of hypertensive disorders
than multiparae, the incidences observed in this study are higher than one would
expect among all women who give birth.

Trends: NHDS data show that, during the 1990s, the combined prevalence of
hypertensive disorders at delivery increased, largely driven by increases in transient
hypertension of pregnancy (ICD-9 code 642.31), severe preeclampsia (ICD-9 code
642.51), and preeclampsia or eclampsia superimposed on preexisting hypertension
(ICD-9 code 642.71) (Fig. 3.4).

Geographic Variability: During the 1990s, the combined rate of preeclampsia
and eclampsia observed in NHDS data was highest in the South and lowest in the
West, with the Midwest and Northeast in between.

Data from the Medical Birth Register of Norway for 1967 through 1998 showed
that preeclampsia occurred among 3.9% of first pregnancies, 1.7% of second
pregnancies, and 1.8% of third pregnancies (91). Data from the Swedish Medical
Birth Registry for 1991-1992 showed a prevalence during pregnancy of eclampsia
of 0.03% (92). Data from the South East Thames region of England showed an
incidence of 0.4% for severe preeclampsia and 0.02% for eclampsia (93). Data for
the United Kingdom in 2005 and 2006 showed an incidence of 0.03% (94). Data
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from the NHDS for the USA from 1990 through 2001 show a similarly low
prevalence of eclampsia at hospitalization for delivery of 0.09%.

Demographic Variability. NDHS data also showed that during most years from
1990 through 2001, the rate of mild preeclampsia at hospitalization for delivery was
highest for women aged 15-19 years. The high proportion of women aged 15-19
years who were having their first birth likely contributes to their elevated rate. From
1990 through 2001, the NHDS rates for preeclampsia or eclampsia imposed on
existing hypertension were highest for women aged 35 years and older, most likely
reflecting a higher background rate of existing hypertension in these women
compared with younger women. Analyses of women in California in 1995 showed
that, compared with younger women, those aged >35 years had modestly increased
risks for severe preeclampsia, eclampsia, gestational hypertension, or mild pre-
eclampsia (64). These age-related risks were consistently higher across racial
groups (Blacks, Hispanics, Whites, and others).

Valid data on racial differences in the prevalence of pregnancy-related hyper-
tensive disorders are sparse, due either to incompleteness or inaccuracy of ascer-
tainment (e.g., birth certificates), or because race is unknown for a notable portion
of the study sample (e.g., NHDS). One study, based on birth certificate data,
reported a lower risk for black women than white women (95).

Factors Influencing Occurrence: The etiology of pregnancy-related hyperten-
sive disorders is poorly understood. Nonetheless, researchers have identified
numerous factors that influence their occurrence (Table 3.4). Genetic factors clearly
play a role, but their exact nature is unknown (87, 96). Abnormal placentation and
endothelial dysfunction may be the underlying problems leading to preeclampsia or
eclampsia (97, 98).

3.4 Peripartum Conditions

Peripartum morbidities occur immediately before or after delivery. They include
UTI, surgical infections, hemorrhage, perineal lacerations, uterine rupture, pre-
eclampsia and eclampsia, stroke, Bell’s palsy, and lumbosacral spine and lower
extremity nerve injuries (99, 100). He we focus on three conditions that occur
frequently and are associated with severe maternal morbidity: hemorrhage, perineal
lacerations, and operative delivery.

3.4.1 Hemorrhage

Severe maternal hemorrhage can result in an obstetrical emergency that leads to
near-miss or severe maternal morbidity (6, 101). Placenta previa, placental abrup-
tion, retained placenta, uterine rupture, and atonic uterus are the most frequent
causes of maternal hemorrhage. Among managed care enrollees who delivered a
live birth in 1997, 3.1% were hospitalized one or more times during pregnancy for
placenta previa and another 1.2% were hospitalized for abruption (102).
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Table 3.4 Factors that influence the occurrence of pregnancy-related hypertension and preeclamp-
sia, by consistency of findings

Relationship with occurrence of Factor
hypertensive disorder

Consistently increases risk Abnormal placentation (97)
Preeclampsia in a previous pregnancy (97)
Maternal obesity (75, 112, 222)
Prepregnancy diabetes, hypertension, or systemic lupus
(223)
Multiple gestation (97, 224, 225)
Male fetal sex (224)
History of preeclampsia in a first-degree relative

(226, 227)
Increases risk, as demonstrated in one ~ Paternal age >35 years (228)
or a small number of studies Low level of consumption of vitamin C (229)
Positive IgG seroprevalence to Chlamydia pneumoniae
(230-232)

History of hypertension and/or type 2 diabetes in a first-
degree relative (233)

Maternal periodontal disease (234)

Lengthy time to first pregnancy or interpregnancy
interval (possibly secondary to subfecundity)

(90, 235)
Increases risk in some, but not all Maternal thrombophilias (236-239)
studies Brief preconception exposure to paternal sperm or

change of partner between pregnancies. The

association with partner change may be confounded

by interpregnancy interval (94, 240-242).
Decreases risk, as demonstrated in one  Folic acid supplementation during pregnancy (231)

or a small number of studies Previous induced or spontaneous abortion (243)
Decreases risk in some, but not all Maternal cigarette smoking (94, 244-248)

studies Aspirin for women with prepregnancy risk (225, 249)
Decreases risk, as supported by strong  Calcium supplementation for women with low baseline

evidence calcium intake or high risk for preeclampsia (250)

Data from the NHDS for 1990 through 2001 showed that the prevalence of
hemorrhage during the 24 h after delivery increased more than twofold during the
1990s (Fig. 3.5). By the late 1990s, it was the most prevalent type of peripartum
hemorrhage. The prevalence of third-stage postpartum hemorrhage declined
modestly. The prevalences of other causes of hemorrhage at delivery were stable.
The numbers of admissions for both antepartum and postpartum hemorrhage
associated with coagulation defects were too small for meaningful analysis.

Geographic Variability: Sample sizes in the NHDS were sufficient to assess
regional differences for the two most frequent causes of hemorrhage. Although the
rate of immediate postpartum hemorrhage increased in all regions during the 1990s,
it was consistently highest in the West, with little difference among the rates for
other regions. NHDS data for premature separation of the placenta show similar,
fairly stable rates for all regions through the 1990s.
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Fig. 3.5. Prevalence of hemorrhage at delivery, NHDS, USA, 1990-2001

Among almost 49,000 women delivering during 1997-1998 in the South East
Thames region in England, 0.7% had severe postpartum hemorrhage and 0.02% had
uterine rupture (93). Comparable data for the USA are not available for the rate of
severe postpartum hemorrhage, but the rate of uterine rupture is much lower than
NHDS annual rates during the late 1990s, which ranged from 0.10 to 0.20%.

Factors Influencing Occurrence: The risk for placental abruption increases with
high maternal parity, maternal smoking, maternal experience of physical violence
during pregnancy, abdominal injury, maternal prepregnancy hypertension, HELLP
syndrome, and pregnancy-associated hypertensive disorders (103-109). An
increased risk for uterine rupture is associated with attempted vaginal birth after
cesarean delivery (110, 111) especially for births occurring after interpregnancy
intervals of 6 months or less (112). Among the factors that increase the risk for
postpartum hemorrhage are maternal obesity, postterm delivery, a second stage of
labor lasting >120 min, leiomyoma, previous postpartum hemorrhage, and mater-
nal age >35 years (93, 113-116). In one study, prepregnancy type 2 diabetes
increased the risk for postpartum hemorrhage sixfold (117). Lydon-Rochelle ob-
served that, in Washington state, assisted vaginal delivery increased the risk for
postpartum rehospitalization due to hemorrhage (118).

Where are babies born and who delivers them? (no, it’s not the stork!)

In 2004 in the USA, 99.1% of births occurred in hospitals, a percentage that
has been stable throughout the 1990s through 2004 (119-122). The percent-
age of births attended by physicians declined from 95.4% in 1989 to 91.7% in
2000 and 91.3% in 2001-2004. Concomitantly, the percentage of births
delivered by midwives (who were nearly all certified nurse midwives) more
than doubled from 3.4% in 1989 to 7.4% in 2000, 8.1% in 2002, and 7.9% in
2004. During the 1990s, Hispanic women were more likely to have a midwife
at their delivery than non-Hispanic white or black women.
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3.4.2 Perineal Laceration

Although many vaginal deliveries result in a small perineal laceration, extensive
laceration (categorized as third- and fourth-degree lacerations) is associated with
significant morbidity, including pain and incontinence for flatus and feces (123,
124). Only women who deliver vaginally experience risk for perineal laceration.
Thus, groups with high cesarean delivery rates have lower overall risks for lacera-
tion. In practice, most investigators compute laceration rates only for women who
deliver vaginally, as we do here. Because the risks for morbidity are highest for
third- and fourth-degree lacerations, our discussion focuses on these conditions,
which we refer to as severe lacerations.

Can mothers recall what happened to them during labor?

Researchers interviewed women approximately two and half months after
delivery regarding the medicine (oxytocin), procedures (artificial rupture
of membranes, episiotomy, forceps, vacuum, perineal sutures, cesarean),
and morbidity (external anal sphincter laceration). Seventy-one percent of
women correctly recalled having an operative delivery, 32% correctly
recalled having a external anal sphincter laceration, 77% correctly
recalled having an episiotomy, and 95% correctly recalled repair of a
laceration. Twenty-three percentage of women incorrectly said that they
had repair of a laceration, when no repair had occurred. Parity, length of
time since delivery, and ethnicity were associated with accuracy of recall
(124).

Occurrence: Domestically and internationally, hospital-based rates of severe
laceration vary widely over place and time (Table 3.5). This variation may reflect
differences in obstetric practices, such as the background rates of cesarean delivery,
episiotomy, and vacuum- or forceps-assisted delivery.

Temporal Trends: Data from the NHDS show that the rate of severe lacerations
declined from 7.4% of vaginal deliveries in 1990 to 5.2% in 1998 to 5.0% in 2001
(126). The decline occurred for third- and fourth-degree lacerations, women aged
<34 years, and all regions (Fig. 3.6). For women aged >35 years, sparse data limit
the ability to assess trends.

Factors Influencing Occurrence: Investigators have identified a range of risk
factors for severe perineal laceration (Table 3.6) (78, 127-140). Of particular
interest are factors related to obstetrical care, which may be more amenable to
change than maternal-, infant-, or labor-related factors. The relationship between
epidural anesthesia and severe laceration may be explained by the increase of
forceps-assisted delivery among women who receive epidural anesthesia (129).
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Trends in Episiotomy and Repair of Perineal Lacerations:

In the USA among women who delivered vaginally, the episiotomy rate has
steadily declined from 63.9% in 1980 to 55.4% in 1990 and 39.2% in 1998
(125). The decrease in the 1990s was most pronounced among women with
first- and second-degree lacerations. During the 1990s, as the episiotomy
rates dropped, the rate of repair of perineal lacerations increased, largely
due to an increase in the rate of repair of first- and second-degree lacerations.
By 2000, repair of a perineal laceration followed 39.2% of vaginal deliveries
(140).

NHDS data show that episiotomy rates in 1998 were highest for white
women (43.0%) and those with private insurance (43.7%) (125, 141). Rates
were lowest in the West (31.9%) and for women whose hospitalizations were
paid by Medicaid (33.3%), another government source (31.2%), or the
woman herself (30.5%). In these data, among women who delivered vaginal-
ly, the severe laceration rate was 7.8% for women who had an episiotomy and
3.6% for those without episiotomies.

Similarly, a hospital-based study found that women with episiotomies had
significantly longer perineal tears (median = 4.9 cm) than those without
episiotomy (median = 1.1 cm) (78).
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Table 3.5 Hospital-based rates of severe perineal laceration

Location and years Severe laceration rate References
USA
Miami, FL, 1989-1995 2.24% (126)
(academically affiliated
hospital)
Michigan, 1996-1998 Primiparas, aged >18 yrs, gestation >35 weeks (127)
(academically affiliated Black women — 10.4%
hospital) White women — 19.9%
Kansas, 1996-2000 6.38% (128)
(community-based
hospital)
18 of the largest hospitals in Primiparas without prolonged labor or obstructed  (129)
Philadelphia, 1994—1998 presentation with infants weighing 2,500—
4,000 g
Hospital range: 4-13%
International
England, 1991-1993 Third-degree laceration: 0.86% (219)
Sweden, 1995-1997 Third-degree laceration: 3.05% (220)
Fourth-degree laceration: 0.24%
Total severe: 3.29%
Austria, 1999 Third-degree laceration: 2.9% (221)
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Table 3.6 Common risk factors for severe perineal laceration

Maternal attributes

White race

Older maternal age

Nulliparity

History of severe laceration in a preceding pregnancy
Maternal circumcision

Infant attributes

Nonvertex presentation

Occiput posterior position

Birthweight >3,000 g

Labor attributes

Shoulder dystocia

Second stage of labor >120 min

Obstetrical care

Operative vaginal delivery (forceps or vacuum extraction)
Failed attempted vaginal operative delivery
Episiotomy (midline)

Epidural anesthesia

Delivery by an obstetrician rather than a midwife

3.4.3 Operative Delivery

Operative vaginal delivery procedures include forceps and vacuum extraction.
Operative abdominal delivery involves cesarean section. Operative delivery,
whether vaginal or cesarean, is associated with a decreased sense of postpartum
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well-being as well as increased risks for maternal morbidity and, for cesarean
delivery, maternal mortality (118, 127, 143—-147). Operative vaginal delivery also
increases the risk for infant morbidity and mortality, severe maternal perineal
laceration, and postpartum fecal incontinence (124, 138, 139, 148). Data for 28
states from the Agency for Healthcare Research and Quality’s Nationwide Inpatient
Sample (NIS) show that, in 2000, 24.5% of women who had an operative vaginal
delivery experienced obstetric trauma, compared with 8.6% of women who had
vaginal deliveries without instrumentation (Care of Women in US Hospitals, 2000.
HCUP Fact Book No. 3. AHRQ Publication No. 02-0044, October 2002. Agency
for Healthcare Research and Quality, Rockville, MD. http://www.ahrq.gov/data/
hcup/factbk3/factbk3.htm). Women who have operative deliveries have an
increased risk for rehospitalization during the 60 days after delivery (118).

A recent systematic literature review concluded that, compared with forceps
deliveries, vacuum deliveries are associated with less perineal trauma, less regional
and general anesthesia, and less likelihood of cesarean delivery (149). In contrast,
forceps deliveries were associated with less risk for neonatal cephalhematoma and
retinal hemorrhage.

Morbidities associated with cesarean delivery include postpartum depression,
UTI, surgical site infection, peripartum and postpartum stroke and intracranial
venous thrombosis, and puerperal fever and hemorrhage (100, 150-152). Cesarean
delivery involves longer hospital stays and is more costly than vaginal delivery
(Care of Women in US Hospitals, 2000. HCUP Fact Book No. 3. AHRQ Publica-
tion No. 02-0044, October 2002. Agency for Healthcare Research and Quality,
Rockville, MD. http://www.ahrq.gov/data/hcup/factbk3/factbk3.htm).

Over time, the rates of each type of operative delivery are related to each other,
with the rate rising for one type as it falls for another. For example, rates of vacuum
delivery tend to rise as those for forceps delivery fall (135, 141) and rates of primary
cesarean delivery rise as those for forceps delivery fall (153). Thus, studying all
types of operative delivery simultaneously is more informative than considering
each in isolation.

Information about the primary or repeat nature of cesarean delivery as well as
information on attempted vaginal delivery before cesarean section facilitates inter-
pretation of cesarean section trends. Women with previous cesarean deliveries have
an increased risk in subsequent deliveries for uterine rupture at the site of their
cesarean scar (absolute risk of approximately 1-2%) (154, 155), especially if the
scar is vertical rather than low horizontal or labor is induced (110, 154). Many
women with past cesarean deliveries opt for a repeat cesarean section delivery
rather than face the risk of uterine rupture associated with attempted vaginal
delivery. Among those who attempt vaginal delivery, reported success rates range
from 35-70% (155, 156). When comparing the cesarean delivery rates among
populations, ideally researchers would like to compare primary cesarean section
delivery rates (i.e, the rate among women without a previous cesarean section
delivery) and repeat cesarean section delivery rates (i.e, the rate among women
with a previous cesarean section delivery). Unfortunately, accurate population-
based information on history of cesarean section is often unavailable (157).
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Temporal Trends: Data from the NHDS show that the rate of forceps delivery
steadily decreased during the 1990s (1990 — 8.6% of vaginal deliveries, 1995 —5.8%,
2000 —4.0%), while the rate of vacuum extraction steadily increased through the late
1990s and dropped thereafter (1990 — 6.1% of vaginal deliveries, 1995 — 9.2%,
2000 —8.4%) (Table 3.7) (141). Both trends extend patterns that began in the 1980s.

Data from birth certificates for the USA show that the rates of primary cesarean
section delivery as well as total cesarean section delivery declined during the first
part of the 1990s and increased thereafter. The rate of vaginal birth after previous
cesarean had the opposite pattern, increasing during the first half of the 1990s and
decreasing thereafter (Fig. 3.7) (122). In 1991, the total cesarean section delivery
rate was 22.6%. It decreased to a low of 20.7% in 1996 and then rebounded to
22.9% in 2000. Comparable percentages for primary cesarean section delivery were
1991 — 15.9%, 1996 — 14.6%, and 2000 — 16.0%.

Geographic Variability: Data from the NHDS show that, during the 1990s,
overall rates of operative delivery were lowest in the Northeast and West. Although
all regions followed the same patterns throughout the 1990s as observed nationally,
the South consistently had the highest rates of forceps delivery and the lowest rates
of vacuum delivery, whereas the reverse was true for the West. During the 1990s,
both NHDS and birth certificate data show that the total cesarean section delivery
rate was generally lowest in western states, except for California and highest in
California and Southern states (Table 3.7 and Fig. 3.8) (141, 158).

International data on vaginal operative deliveries are sparse. Data from Australia
show similar pattern as observed in the USA. During the 1990s in New South
Wales, Australia, among all operative vaginal deliveries, the percentage involving
forceps declined from 58.1% in 1990 to 33.8% in 1997, when it nearly equaled the
rate of vacuum deliveries (159).

Cesarean section delivery rates in many developed as well as developing
countries are lower than in the USA. In Wales, Scotland, England, and Northern
Island during the mid-1990s, rates of cesarean section delivery steadily increased,
from a range of 14.3-16.6% in 1993 to 18.2-19.0% in 1997-1998 (160). Using a
stratified analysis of cesarean section delivery rates in Denmark during 1996,
researchers reported rates ranging from 13.2 to 15.2% (161). Swedish researchers
similarly reported a cesarean section delivery rate of 15% in 2000 (162). The
national rate of cesarean section delivery in Italy in 1996 was 22.4% (163),
comparable to the US rate. In Taiwan during 2000, 32.3% of pregnancies ended
in cesarean section delivery (164), markedly higher than the US rate.

Australian researchers studied the rates of operative deliveries during 1996—
1997 among low-risk women, defined as those who were 20-34 years of age, had no
medical or obstetric complications, had a singleton of normal size presenting in
cephalic position, and delivered at 37-41 weeks’ gestation (165). They observed
that women with private insurance who delivered in private hospitals had higher
rates of operative interventions.

Data from the Demographic and Health Surveys show that the percentage of
cesarean deliveries during the late 1990s varied widely among regions and, within
regions, among countries (Table 3.8). Rates were lowest in sub-Saharan Africa,



Table 3.7 Percentage of deliveries by year, operative method, region and hospital type, NHDS, United States, 1990-2001
Method of delivery

Cesarean section delivery Forceps Vacuum
Region Northeast Midwest South West Northeast Midwest South West Northeast Midwest South West
Year
1990-1992 228 22.1 27.1 20.2 33 54 7.8 3.7 42 5.0 4.0 79
1992-1995 21.3 21.0 24.6 18.9 2.6 4.3 6.2 3.0 5.9 6.4 49 9.9
1996-1998 22.4 20.4 24.0 20.0 2.4 32 52 1.9 6.1 7.7 5.4 10.3
1999-2001 249 213 25.2 21.4 2.0 2.4 3.8 1.3 5.1 6.9 49 8.4

Method of delivery

Cesarean section delivery Forceps Vacuum
Hospital type ~ Proprietary ~ Government  Nonprofit  Proprietary  Government  Nonprofit — Proprietary = Government Nonprofit
Year
1990-1992 29.2 21.4 23.1 9.2 4.3 52 3.7 3.0 59
1992-1995 26.4 21.1 21.3 6.0 4.6 4.1 5.4 5.1 7.1
1996-1998 26.7 21.8 21.2 3.7 53 32 7.6 5.4 7.5
1999-2001 27.6 232 22.8 3.0 33 2.5 6.4 5.3 6.3

Cesarean deliveries include all deliveries performed by cesarean section, with or without unsuccessful attempted operative vaginal delivery (i.e., forceps or
vacuum extraction); forceps deliveries include deliveries with forceps, with or without vacuum extraction; vacuum deliveries include deliveries with vacuum
extraction only
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except for South Africa (range 0.7-5.6%; South Africa — 15.5%) and South and
Southeast Asia (range 0.8-5.7%). Although rates in Latin America and the
Caribbean were as low as 1.6% (Haiti), other countries in the region had rates
that exceeded those in the USA (Columbia — 23.6%; Dominican Republic —27.9%).
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Other researchers have reported exceedingly high cesarean section delivery rates in
Mexico (national rate, 1996 — 24.1%; rate for in-hospital deliveries, 1997 — 31.3%),
Argentina (national rate, 1996 —25.4%), Brazil (national rate, 1994 —27.1%; rate for
in-hospital deliveries, 1997 — 31.3%), and Chile (national rate, 1997 —40.0%) (166).

Demographic Variability: NHDS data show that, during the 1990s, all mater-
nal age groups had the same pattern of decreasing rates of forceps delivery and

What is an optimal rate of cesarean section?

The optimal cesarean delivery rate has been discussed since at least 1978
(166, 167). Controversy stems from tradeoffs between maternal and neonatal
health, with concerns that lower cesarean rates will increase maternal mor-
bidity related to vaginal operative delivery and, for repeat cesarean delivery,
uterine rupture (168). Cesarean delivery of term, singleton breech pregnan-
cies markedly reduces the risk of neonatal adverse outcomes and modestly
increases the likelihood of maternal adverse outcomes (169). Cesarean deliv-
ery is very effective in reducing mother-to-child transmission of HIV (170).
Evidence supporting cesarean delivery for many other clinical presentations
is sparse or contradictory (171-174).

Variations in practitioner-specific and hospital-specific cesarean delivery
rates suggest opportunities for reducing rates (175, 176). Evidence-based
methods to reduce cesarean rates include external cephalic version, vaginal
birth after cesarean, and individual psychological support for the mother during
labor (177). In the USA in 1995, 28 health care organizations collaborated in a
demonstration project intended to reduce cesarean delivery rates safely (178).
Their approach included these elements: (1) preventing cesarean deliveries for
failed induction of labor, (2) avoiding hospital admissions for false labor, and
(3) managing pain more effectively to help women tolerate labor. More than
half of the participating hospitals reduced their cesarean rates.

Use of a standard treatment protocol at a tertiary hospital in Italy reduced
cesarean rates from 26.4% (1982) to 12% (1996), with no increase in neonatal
mortality. Rates of vaginal operative delivery in 1996 were low at 1.5%
(162). Through active management of labor, a hospital in Washington state
lowered the primary cesarean delivery rate from 9.2% in 1989 to 7.1% in
1998 and the repeat cesarean delivery rate from 7.4% to 3.8%. Neonatal
morbidity and mortality rates were stable (179, 180).

Despite the Year 2010 health objective for 15% of full-term, singleton,
vertex deliveries by cesarean, no clear evidence points to an organized
national effort to achieve this goal. The Year 2010 objective for women
with a prior cesarean is 63%. (www.healthypeople.gov/document/html/
objectives/16-09.htm). If current concerns persist regarding uterine rupture
associated with attempted vaginal birth after cesarean delivery, the percent-
age of cesarean delivery will not decrease and may increase.
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Table 3.8 Percentage of cesarean deliveries, by country

3 Maternal Morbidity

Country and date of survey

Cesarean delivery
rate during the 5
years before the survey

Sub-Saharan Africa
Benin 2001

Burkina Faso 1998/99
Cote d’Ivoire 1998/99
Ethiopia 2000

Gabon 2000

Ghana 1998

Guinea 1999

Malawi 2000

Mali 2001

Mauritania 2000/01
Rwanda 2000

South Africa 1998
Tanzania 1999

Uganda 2000/01
Zambia 2001/02
Zimbabwe 1999

North AfricalWest AsialEurope
Armenia 2000

Egypt 2000

Turkey 199

Central Asia
Kazakhstan 1999
Turkmenistan 2000
South & Southeast Asia
Bangladesh 1999/2000
Cambodia 2000

Nepal 2001

Philippines 1998

Latin America & Caribbean
Colombia 2000
Dominican Republic 1999
Guatemala 1998/99
Haiti 2000

Peru 2000

3.3
1.1
2.5
0.7
5.6
4
2
2.8
1.1
3.2
2.1
15.5
2.9
2.5
2.1
6.7

6.6
10.3
13.9

9.6
3.1

2.4
0.8
0.8
5.7

23.6
27.9
10.8

1.6
12.7

Source: Demographic and Health Surveys

increasing rates of vacuum delivery. However, among women with operative
deliveries, the distribution of method varied by age, with women aged 30 years
and older more likely to have cesarean section delivery and less likely to have
forceps or vacuum delivery than younger women. In the USA during the 1990s,
total and primary cesarean section delivery rates were lowest for women aged <25
years and increased with advancing maternal age thereafter (141). Throughout the
decade and within most age groups, the total and primary cesarean section delivery
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rates among non-Hispanic whites were modestly lower than those for non-Hispanic
blacks (141). Total cesarean section delivery rates were modestly higher for first
births than for second or third births, even though these higher-order births included
primary and repeat cesarean deliveries. Women with <12 years of education had
lower cesarean rates than those with more education (141).

Attributes of Women with Cesarean Deliveries: The 28-state dataset of NIS
shows that, in 2000 in the USA, among women with primary cesarean section
delivery, 29.9% were aged 18-24 years, 52.7% were 25-34 years, and 17.4%
were >34 years. The comparable percentages for those with repeat cesarean
deliveries were 18-24 — 18.6%, 25-34 — 57.3%, and >34 — 24.1%. Among
women with vaginal deliveries, excluding those with a history of cesarean
section delivery, 35.6% were aged 18-24 years, 51.7% were 25-34 years, and
12.7% were >34 years (Care of Women in US Hospitals, 2000. HCUP Fact
Book No. 3. AHRQ Publication No. 02-0044, October 2002. Agency for Health-
care Research and Quality, Rockville, MD. http://www.ahrq.gov/data/hcup/
factbk3/factbk3.htm).

Factors Influencing Occurrence: A diverse range of maternal, fetal, and prac-
tice-related factors influence the occurrence of operative deliveries (Table 3.9).
Results regarding the risks for cesarean section delivery associated with induction
of labor and epidural anesthesia are inconsistent, with some studies showing an
increased risk and others showing no association (159, 165, 182-184). If an
association with induction is substantiated, the on-going increases in induction
rates (which more than doubled from 9.5% in 1990 to 19.4% in 1998) may
contribute to future increases in cesarean section delivery rates (185).

Clinical and public health efforts to reduce cesarean section delivery rates have
focused on hospital- and practitioner-related practice patterns, because many
other risk factors, such as fetal presentation, are immutable. Variations in cesarean
section delivery rates among practitioners, hospitals, and countries are consistent
with the possibility that practice patterns are a strong determinant of cesarean rates.
A study of cesarean section delivery rates in Latin American showed strong, direct
ecologic associations between the national cesarean rate and gross national product

Illness caused by obstetrical care:

A recent study used NIS hospital discharge data from 28 states during 2000 to
examine medical injuries resulting from care for a wide range of conditions
(185). The investigators estimated a rate of obstetrically induced trauma of
7.0% for cesarean deliveries, 8.7% for vaginal births without instrumentation,
and a strikingly high rate of 22.4% for vaginal births with instrumentation.
Although Patient Safety Indicators (164, 186) have been developed for
obstetrical care, virtually no systematic investigations have explored the
causes of and remedies for injury due to failed obstetrical care. Such study
is especially warranted for operative vaginal deliveries.
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Table 3.9 Factors that increase the risk of operative delivery, by type of delivery

Delivery type Factor References

Vaginal <24-years old
Midline episiotomy (134)
Regional anesthesia (134)

Primary cesarean Diabetes (Types 1 and 2 and gestational) (251)
Maternal age <16 years (252)
Maternal age >30 years (158, 181, 253)
Short maternal height (254)
Maternal bulimia or anorexia nervosa (255)
Congenital uterine malformations (256)
Maternal preconception high BMI or excessive (257)

weight gain during pregnancy
Maternal birthweight <2,500 g or >4,000 g (258, 259)
Placenta previa or placental abruption (260)
Physical violence during pregnancy (105)
Multiple gestation (176)
Among nulliparas aged >40, infertility treatment (261)
Breech presentation (262)
Prolonged gestation (181)
Hospital type (176, 262, 263)
Delivery on a weekday (not a weekend) (264, 265)
Delivery by an obstetrician (compared with (266)
midwife)

Obstetrician’s practice patterns for management (175, 267)

of labor

Induced or augmented labor (158, 181, 268, 269)
Decreased use of forceps delivery (152)

per capita, number of doctors per 10,000, the proportion of urban population, and
the proportion of institutional deliveries (166). All of these factors are likely to
influence obstetric practices.

3.5 Postpartum Morbidity

Many postpartum morbidities stem from problems associated with delivery, particu-
larly infection, perineal trauma, hypertension-related conditions, and hemorrhage (118,
188, 189). Others, notably mastitis, stem from postpartum changes. Less frequently
occurring are thromboembolic conditions and cardiac myopathies. In this section we
focus on one of the most prevalent postpartum morbidities, depression.

3.5.1 Depression

Although antepartum and postpartum depression occur frequently, they are
commonly unrecognized by the depressed women or her health care providers
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(190-192). Not surprisingly, women with antepartum or postpartum depression
usually do not receive treatment for it (193), despite the risk for suicide that
accompanies severe depression, regardless of pregnancy status (194). Anxiety
frequently accompanies pregnancy-related depression (195). Some women who
experience pregnancy-related depression may have an underlying propensity for
depression, regardless of pregnancy status. The findings that women who experi-
ence pregnancy-related depression are more likely to have a personal history of
depression as well as a family history of psychiatric illness are consistent with this
possibility (196-198).

Whether pregnancy itself increases the risk for depression is uncertain.
A longitudinal study of child-bearing and nonchild-bearing women observed that
child-bearing women had a higher rate of depression only late in pregnancy and shortly
after delivery (199). Another study followed women during 12 months following
delivery and compared them with a control group of women who were not pregnant,
had not delivered during the same 12 months, and were matched to postpartum women
by age, marital status, and number of children (200). At 6-months postpartum, the
authors observed a similar point prevalence of depression for postnatal women (9.1%)
and controls (8.2%). However, postpartum women had a threefold higher onset of
depression during the 5 weeks after delivery than control women.

Although several studies suggest that maternal antepartum depression may increase
the risk for adverse pregnancy outcomes, including impaired fetal growth and preterm
delivery (201-203), the causal nature of this relationship is unclear. One could expect
that women at risk of adverse pregnancy are more psychologically stressed than
women without this risk and that the stress predisposes the gravida to depression.

Occurrence: Data on temporal trends are lacking and reported rates of depres-
sion depend on ascertainment methods. The Edinburgh Postnatal Depression
Scale (EPDS) is a validated, widely-used instrument to detect antenatal as well as
postnatal depression that can be administered by interview or by the woman herself
(204). Other instruments used to measure depression include the National Institute
of Health Diagnostic Interview Scale (205), the Center for Epidemiologic Studies
Depression Scale (206), and the Primary Care Evaluation of Mental Disorders
(205). In comparing reports of depression prevalence, one must consider not only
the instrument used to detect depression, but the cutoff used to declare its presence.
For example, scores >13 on the EPDS are usually considered to indicate
depression, but some investigators use lower cutoffs to identify women with
depressive symptoms.

Table 3.10 displays the range of prevalence of depression during pregnancy and
postpartum. Although rates are grouped by their timing relative to pregnancy,
repeated measures over time are presented for some cohorts (207). Most investigators
have observed similar antepartum and postpartum rates of depression, but some have
observed peaks either before or after delivery. A longitudinal study of more than
9,000 women found that depression peaked at 8.3% at 32-weeks gestation, declining
thereafter to 6.4% at 8-weeks postpartum and 5.4% at 32-weeks postpartum (207).
This finding contradicts conventional wisdom that depression is more prevalent after
delivery than before it. These investigators further observed that, of women depressed



Table 3.10 Prevalence of pregnancy-related depression

Population and method of detecting depression Time period Depression References
prevalence
9,316 women, Bristol, England, EPDS, 1991-1992 18-weeks gestation 11.9% (206)
1,795 women in Northern Sweden, PRIME-MD Second trimester 3.3% (125, 192)
391 pregnant Finnish women, EPDS 14-37-weeks gestation 7.7% (270)
9,316 women, Bristol, England, EPDS, 1991-1992 32-weeks gestation 13.7% (206)
1558 Swedish women, EDPS 35-36-weeks gestation 17% 271)
417 women in West Midlands, UK, EPDS Antepartum 9.8% (272)
1,558 Swedish women, EDPS At delivery 18% 271)
327 Israeli women, EPDS 1-2-days postpartum 10-22% (273)
959 Chinese women in Hong Kong, structured clinical 1-month postpartum 5.5% (274)
interview for DSM-III-R
222 South Australian women, EPDS 6-weeks postpartum 9% (275)
909 women in Olmsted County, Minnesota, EPDS, 1997-1998 6-weeks postpartum 11.4% (276)
1,558 Swedish women, EDPS 6-8-weeks postpartum 13% (271)
9,316 women, Bristol, England, EPDS, 1991-1992 8-weeks postpartum 8.4% (206)
327 Israeli women, EPDS 6—12-weeks postpartum 5-12% (273)
359 women in rural South India 6—-12 weeks postpartum 11% 277)
959 Chinese women in Hong Kong, Structured clinical 3-months postpartum 6.1% (274)
interview for DSM-III-R
417 women in West Midlands, UK, EPDS 3-months postpartum 7.4% (272)
570 women, EPDS 3-months postpartum 10.2% (278)
396 Lebanese women, EPDS 3—5-months postpartum 21% (urban — 16%, (279)

rural — 26%)
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465 women in Wisconsin, DIS or CES-D

5,252 women delivering at an academic hospital in Denmark, EPDS,
1994-1995

222 South Australian women, EPDS

1,558 Swedish women, EDPS

1,336 Australian women, EDPS, 1993

1,330 women, Christchurch, New Zealand, EPDS

9,316 women, Bristol, England, EPDS, 1991-1992

403 women in Olmsted County, Minnesota, medical chart review

Incidence of depression
between
1 and 4 months
postpartum
4-months postpartum

6-months postpartum
6-months postpartum
6—7-months postpartum
6-9-months postpartum
32-weeks postpartum
1-year postpartum

5.8%

5.5%

10%
13%
16.9%
13%
9.2%
3.7%

(280)

(281)

(275)
@271)
(125, 145)
(189, 190)
(206)
(282)
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at 32-weeks gestation, 62% remained depressed at 8-weeks postpartum, whereas of
women not depressed at 32-weeks gestation, 4% were depressed at 8-weeks post-
partum. This suggests that antepartum depression is likely to persist postpartum, but
that the postpartum risk of developing depression is low among women who were
not depressed during pregnancy. A longitudinal study of 293 women observed a
peak prevalence at 10-weeks postpartum of 14% (208).

Factors Influencing Occurrence: Investigators have associated psychological,
demographic, and obstetrical factors with the risk for postpartum depression
(Table 3.11). Data regarding the relationship between obstetric morbidity and
subsequent risk for postpartum depression are inconsistent, with some reports
showing increased risk (209) and others showing no association (210). No interven-
tions to prevent antepartum or postpartum depression have been rigorously evaluated.
Although the presence of thyroid antibodies has been associated with increased risk
for postpartum depression, a randomized clinical trial did not find that postpartum
administration of thyroxine reduced the risk of postpartum depression (211).

Table 3.11 Risk factors associated with postpartum depression

Psychological factors References

Previous affective disorder, including depression (189, 196, 197, 281-283)

Antenatal depression (272, 279)

Self-perceived antepartum isolation (281)

Lack of social support postpartum (279)

Difficulties in relationship with partner or spouse (189, 190)

Marital disharmony (272, 284)

Family history of psychiatric illness 197)

Low level of religious belief (196)

Demographic factors

Low maternal education (189, 190)

Low maternal income (189, 190, 284)

Single marital status (282)

Maternal postpartum unemployment (285)

Paternal postpartum unemployment (285)

Obstetric and medical factors

Maternal chronic health problem (279)

High parity (281)

Unplanned pregnancy (285)

Infant gender (usually associated with female (284)
when male desired)

Presence of thyroid peroxidase antibodies at (286)
12-weeks gestation

Severe antepartum obstetric complications (208)

High body mass index at 4-months postpartum (287)

Not breastfeeding (285)

Low level of docosahexanenoic acid in maternal (288)

milk and low fish consumption
High use of emergency services (282)
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3.6 Public Health Interventions: Their Availability and Use

In this section, we discuss public health interventions that reduce maternal morbid-
ity and consequently often reduce maternal mortality. Additional public health
interventions to reduce maternal mortality are discussed at the end of Chap. 4.

Ensuring access to prenatal care is likely to reduce morbidity and mortality from
anemia, pyleonephritis, preeclampsia, eclampsia, hemorrhage, operative delivery,
and infection. Among the prenatal interventions and their related impacts
on maternal morbidity and mortality are the following:

e Providing iron and folate supplements and screening for and treating anemia,
which reduces anemia and shows promise for reducing the need for postpartum
blood transfusion (212).

e Among women with either high risk of developing hypertension or low baseline
dietary calcium intake, providing calcium supplements, which reduces the risk
of preeclampsia (212).

e Screening for proteinuria and increases in blood pressure can detect preeclamp-
sia, enabling treatment, including magnesium sulfate to reduce mortality and
induced delivery for severe disease. Treatment lowers the risk for hemorrhage
that is associated with gestational hypertension (213).

e Screening for asymptomatic bacteriuria and treating appropriately, which pre-
vents pyelonephritis from ascending infections (213).

Providing tetanus immunization prevents maternal and neonatal tetanus
Among women with rupture of membranes at or near term, inducing labor,
which prevents maternal infection (213).

e Among women with breech presentation at term, external cephalic version,

which reduces the risk of cesarean section delivery (213).

In populations with vitamin A deficiency, B-carotene supplementation holds prom-
ise for reducing maternal mortality (212, 214). However, vitamin A deficiency is
uncommon in the USA (215, 216). Although supplementation with iron and folate
may reduce pregnancy-associated morbidity, its impact on reducing maternal
mortality is uncertain (217, 218).

Optimizing nutrition during childhood to maximize adult stature (212, 213) and
achieving a preconception weight that is appropriate for height are likely to reduce
operative delivery due to obstructed labor (Table 3.12).

Notably absent from this list of prenatal clinical interventions are risk-scoring
systems. These systems categorize women based on obstetric history and
other attributes. Women with higher risk scores receive more intensive and/or
specialized obstetrical care. The effectiveness of these approaches for reducing peri-
natal morbidity has not been established through randomized controlled trials (213).

Secondary Prevention: In developed countries, access to hygienic delivery
facilities and availability of tertiary-level care and emergency transport to it are
much less of a problem than in developing countries. The FIGO (International



Table 3.12 Public health interventions aimed at decreasing maternal morbidity and mortality

Maternal problem(s)

Public health intervention

Rationale

Ectopic pregnancy

Morbidity or mortality related to
induced abortion

Anemia

Pyelonephritis

Preeclampsia

Eclampsia

Hemorrhage

Cesarean delivery

Endometritis

Tetanus

Operative delivery or death secondary
to cephalopelvic disproportion
(CPD)

Death from obstructed labor,
hemorrhage, preeclampsia, or
eclampsia

Puerpural infection

Maternal postpartum tetanus infection

Reducing the prevalence of chlamydia
infections through screening and
treatment

Reducing cigarette smoking among women

Ensuring easy access to abortion

Removing barriers to prenatal care

Ensuring adequate nutrition during
childhood

Reducing preconception overweight/obesity

Maintaining a rapid transport system to a
hospital capable
of cesarean section deliveries (in
developing countries, usually a referral
hospital)

Providing trained birth attendant and
hygienic delivery facilities

Providing population-based immunization
programs

Chlamydia infections can damage the fallopian tubes

Smoking increases the risk for ectopic pregnancy
Easy access enables women to obtain abortions at earlier

gestations, when risks are lowest

Prenatal care reduces the risk of adverse outcomes

(see text)

Short maternal stature increases the risk of CPD. Providing
adequate nutrition during pregnancy helps to maximize adult

stature

Maternal overweight/obesity is associated with increased risk for

operative delivery.

Treatment of hemorrhage, severe preeclampsia, or eclampsia

requires prompt care at tertiary facility

Trained attendants and adequate facilities minimize the risk of

ascending infection and endometritis
Immunization prevents tetanus
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Federation of Obstetrics and Gynecology) initiative (213, 219), which aims to
reduce maternal mortality in developing countries, includes four components:

Skilled attendants at all births

Basic emergency care in primary-level health facilities
Comprehensive obstetrical care in referral hospitals
Rapid transport of women in need of special care

Training a workforce of skilled birth attendants, establishing a network of primary
and referral health care facilities, and maintaining a rapid transport system all fall
within the realm of public health interventions.

Discussion Topics

. How could pharmacy or laboratory records be used to categorize the severity of

maternal morbidity?

. For a state or country, what is likely to be the most cost-effective way to reduce

maternal morbidity and mortality? How could you test the effectiveness of an
intervention to reduce maternal morbidity and mortality? What ethical issues
would you need to consider?

. Define a cohort of women as women born in the same time period, for example,

1974-1979 or 1980-1984. What could you learn from monitoring a cohort’s
cumulative rate of cesarean section over time (i.e., the percentage of women with
>1 cesarean delivery)? What factors would likely influence the cumulative rate?

. Cephalopelvic disproportion often necessitates operative delivery. How can

obstetric trauma resulting from the cephalopelvic disproportion itself be
distinguished from trauma resulting from the operative methods used during
delivery?

Promising Areas for Future Research

1.

2.

What methods can be developed to use administrative data to monitor severe
maternal morbidity?

How can the comparability of rates of severe maternal morbidity among devel-
oped countries be assessed?

. What are the best methods to evaluate the impact of interventions to reduce

maternal morbidity?

Abbreviations

BMI Body Mass Index
CPD Cephalopelvic disproportion
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CPT Current procedural terminology

EPDS Edinburgh Postnatal Depression Scale
HELLP  Hemolysis, elevated liver enzymes

ICD International Classification of Diseases
NCHS National Center for Health Statistics
NHDS National Hospital Discharge Survey
PMSS Pregnancy Mortality Surveillance System

SID
UTI

State inpatient databases
Urinary tract infection

WHO World Health Organization
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Chapter 4
Maternal Mortality

4.1 Definitions, Measures, and Measurement Issues

Definition: The definition of maternal death has evolved along with progress in
understanding the role of pregnancy in causing death. Differences in the definition
of maternal death persist, as demonstrated in Table 4.1 (1, 2).

The most recent definitions reflect the understanding that deaths that are caused
by pregnancy may occur well beyond 6 weeks after pregnancy termination. The
length of time after pregnancy termination when pregnancy-related deaths do not
occur has not been assessed empirically. For convenience, more recent definitions
of maternal death use 365 days. We use pregnancy termination to encompass all
pregnancy outcomes: ectopic pregnancies, induced and spontaneous abortions, fetal
deaths, live births, and on-going pregnancies. The World Health Organization
(WHO) definition does not account for potential advances in our understanding of
the role of pregnancy in causing death. In contrast, the ACOG/CDC definition
allows for this possibility by including pregnancy-associated deaths. These deaths
are temporally associated with pregnancy, but pregnancy’s role in causing them
cannot be determined. As our understanding of the role of pregnancy in causing
death evolves in the future, these deaths may be definitively reclassified as preg-
nancy-related or not pregnancy-related.

Direct maternal deaths are those that result directly from the pregnancy itself.
Indirect maternal deaths are those that occur because pregnancy exacerbates an
illness that existed before conception.

An important rationale for monitoring maternal mortality is its use as a sentinel
for maternal morbidity. Experts judge that higher levels of maternal mortality
correspond to higher levels of maternal morbidity. Empirical evidence supporting
this assumption is sparse, especially when the maternal mortality ratio (MMR) is at
the low level currently observed in developed countries. One study of maternal
mortality in Europe — an area with low overall maternal mortality — reports that
cause-of-death patterns are consistent with this assumption (3). Other investigators
have found that analysis of maternal mortality and severe acute maternal morbidity
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Table 4.1 Definitions of death in relation to pregnancy (Source: (72))

Relationship between pregnancy Source of definition
and cause of death ACOG/CDC? ICD-9° ICD-10°

When death and pregnancy
are causally related:

Death during pregnancy or Pregnancy-related  Maternal death Maternal death
within 42 days postpartum death
Death 43-365 days postpartum Pregnancy-related  Not defined Late maternal
death death

When death and pregnancy
are not causally related.:

Death during pregnancy or within Not pregnancy- Not defined Not defined
365 days postpartum related death

When death and pregnancy may or
may not be causally related:

Death during pregnancy or within 42  Pregnancy- Not defined Pregnancy-
days postpartum associated related
death death
Death 43-365 days postpartum Pregnancy- Not defined Not defined
associated
death

#American College of Obstetricians and Gynecologists/Centers for Disease Control and
Prevention Maternal Mortality Study Group
"WHO 1977

(akin to “near-miss” morbidity) provide more useful information for monitoring
trends and targeting interventions than mortality alone (4).

Measures: Table 4.2 lists the most frequently used measures of maternal
mortality.

Data sources — developed countries: Maternal deaths are difficult to completely
ascertain, because the pregnancy-related etiology of a death is not always apparent.
Typically, maternal deaths are ascertained from review of the causes of death on the
death certificate, which are assigned International Classification of Diseases (ICD)
codes. Although the ICD includes specific codes for pregnancy-related conditions
(ICD-9: 630-676; ICD-10: O10-099 [“O” is a letter]), certifiers of death may
neglect to note that the cause of death was related to pregnancy or nosologists may
use ICD codes that do not convey the condition’s pregnancy-related nature.

Identifying maternal deaths solely from pregnancy-related codes on death certi-
ficates will miss many pregnancy-related deaths (10, 11). Thus, many states use
additional strategies to identify maternal deaths. By 1997, 12 states and New York
City had modified their death certificates to include a pregnancy-related check box
on the certificate. Certifiers were requested to mark in it if the death occurred either
while the decedent was pregnant or within a specified interval after a pregnancy
termination. The interval ranged among states from 42 days to 18 months.



Table 4.2 Common measures of maternal mortality

Measure

Interpretation

Computation

Pregnancy related
mortality ratio;
maternal mortality
ratio (MMR)

Pregnancy-related
mortality rate

Proportional mortality
ratio

Cause-specific mortality
ratio

Likelihood of death per
pregnancy; case fatality
rate for pregnancy.

Frequency of maternal
death among
reproductive-age
women

Contribution of pregnancy-
related death to all
deaths among
reproductive-age
women

Proportion of all pregnancy-
related deaths due to a
specific cause

Number of pregnancy—related deaths in a year « 100.000
Number of live births in a year ’

Number of pregnancy—related deaths in a year % 100. 000
Number of women of reproductive age ’

Number of pregnancy—related deaths in an interval
Number of deaths to women of reproductive age in an interval

Number of pregnancy—related deaths due to a specific cause in an interval
Number of pregnancy—related deaths due to all causes in an interval
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Many states routinely attempt to match the names on death certificates of
reproductive-age women to mothers’ names on certificates for fetal deaths and
live births that occurred in the preceding 12 months. Matches are then further
investigated to determine if the woman’s death was due to her pregnancy or another
cause. This matching approach is also used in Finland (12). In view of the
difficulties of distinguishing deaths that are pregnancy-related from those that are
not, most surveillance experts recommend identifying all deaths that are temporally
associated with pregnancy. Using additional data collected for each death, surveil-
lance personnel can then determine whether pregnancy contributed to or caused
death. If the death becomes the subject of malpractice litigation, additional infor-
mation may be severely restricted or unavailable. Less frequently used supplemen-
tal sources for pregnancy-related deaths are hospital discharge data, autopsy, and
medical examiner data. Often these sources are not available in an electronic format
or are not available for an entire population, limiting their utility.

Data sources — developing countries: In areas without reliable on-going vital
record systems, deaths are ascertained by survey interviews. In the “sisterhood”
method, analysts estimate the maternal mortality rate by using the proportion of
deaths due to pregnancy for all deaths among respondents’ reproductive-age sisters
(13). Estimates take into account the age of the decedent relative to the respondent.
The primary measure is lifetime risk of pregnancy-related death.

A modification of the sisterhood approach that avoids the need for a population-
based survey is the clinic-based approach (14). In this method, individuals attend-
ing clinics are queried about pregnancy-related deaths.

Case—case control studies can be used to estimate the population proportional
attributable risk, which is the proportion of deaths among reproductive-age women
attributable to pregnancy. Cases are deaths among reproductive-age women that
occurred during a defined interval and controls are reproductive-age women alive at
the end of the interval. Pregnancy history is compared for cases and controls (15).

Measurement issues: The biggest measurement problem is underascertainment
of pregnancy-related deaths (16-18). Despite the use of multiple methods to
ascertain pregnancy-related deaths, researchers estimate that approximately half
of pregnancy-related deaths in the United States are not ascertained (17, 19). In a
study of maternal deaths from 1988 through 1992 in Canada, investigators found
that one-third of total direct maternal deaths were not identified as such (18). The
greatest underreporting was for deaths from cerebrovascular disorders, pulmonary
embolism, and causes indirectly related to pregnancy. These investigators extended
their study to compare identification of maternal deaths using ICD-9 and ICD-10.
They found that the maximum number of direct maternal deaths was 20% less using
ICD-10. Contributing to this difference is that deaths from cerebrovascular dis-
orders during pregnancy or within 42 days after its termination are classified as
direct maternal deaths in ICD-9, but not in ICD-10.

A study of pregnancy-associated deaths in 13 European countries showed
substantial variability among countries in the completeness and accuracy of ascer-
tainment of maternal deaths from vital records (20). Official statistics correctly
identified 215 (83%) of 260 deaths from obstetrical causes. They also incorrectly
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identified 14 (14%) of 99 nonobstetric deaths as having obstetric causes. The
percentage of correctly identified obstetric deaths ranged from 59% in Hungary
and 60% in Austria to 100% in Belgium and France.

Problems in accurately counting the appropriate denominator also impede accu-
rate assessment of MMRs. Ideally, the denominator for the pregnancy-related
mortality rate should be the number of pregnancies, rather than the number of
women. Counting the number of pregnancies in a population is difficult, but not
impossible (21, 22). Alternative measures for the denominator are the number of
women of reproductive age and the number of live births. Because nearly all
countries have a system for registering live births, live births are a surrogate for
the number of pregnancies. Because live births do not include all pregnancies (i.e.,
the denominator), we calculate the MMR rather than the maternal mortality rate. In
countries where a relatively high proportion of pregnancies end in spontaneous or
induced abortion, the number of live births may substantially underestimate the
number of pregnancies. As a result, the MMR may appear higher than in a country
with a comparable mortality experience, but where more of the pregnancies end in
live birth. Similarly, changes over time within a country in the percentage of
pregnancies that end in live births will confound temporal trends in the MMR.

The sisterhood method has several disadvantages. Because it typically ascertains
deaths during the past 5 or 10 years, it provides historical, rather than current
information about maternal deaths. Furthermore, the sisterhood requires the ex-
pense and effort of a survey (15, 23). It is limited by the accuracy of the respon-
dent’s understanding of the decedent’s cause of death. Investigators have noted
underacertainment of maternal deaths due to respondents’ failure to recognize the
pregnancy-related nature of a death (23). At least one analyst has voiced concern
that, as used for international comparisons of maternal mortality rates, the sister-
hood method underestimates variability (24).

In view of the difficulties of accurately measuring maternal mortality, the WHO
and United Nations’ Children’s Fund (UNICEF) recently recommended using obstet-
ric process indicators in place of the MMR (25, 26). Such measures include the
availability of essential obstetric care, proportion of births by Cesarean section, and
the proportion of deliveries assisted by skilled attendants. Analysts recommend
process indicators because they may increase the validity of international comparisons
and may be more immediately useful for needs assessment and program evaluation.

Maternal Mortality Review

Case-by-case review of detailed information for each maternal death con-
tinues to be at the heart of maternal mortality surveillance domestically and
internationally (5-9). Typically, review committees include local clinicians
(obstetricians, midwives, and nurses), as well as public health and hospital
staff. In reviewing deaths, committee members aim to identify potentially
preventable factors that contributed to death (8). Using this knowledge, they
propose approaches to avert future deaths. Often these approaches involve
improving the quality of clinical care. They may also involve public health
interventions, such as improving access to prenatal or assuring the availability
of emergency transport to referral facilities.
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4.2 Overall Maternal Mortality

Occurrence and trends. Maternal mortality declined markedly during the twentieth
century from ~600-900 deaths per 100,000 live births in 1900 to 10 per 100,000
live births in 1999 (Fig. 4.1). From 1900 to the mid-1930s, puerperal infections
caused by virulent streptococcal and poor obstetric delivery practices, due largely
to inadequately trained practitioners or unnecessary obstetric procedures,
accounted for most of the deaths (27, 28). From 1938 to 1948, the percentage of
deliveries occurring in hospitals shifted from 55% to 90% and maternal mortality
declined by 71% (29). Concomitantly, obstetric training improved, technical
advances increased treatment options (e.g., antibiotics, safer anesthesia, and trans-
fusion), and hospitals restricted delivery privileges to qualified practitioners.
Maternal mortality continued to decline during the 1950s and 1960s (89% decline
from 1950 through 1973 (30), accompanied by continuing improvements in obstet-
ric practice as well as the introduction of oral contraceptives and the legalization of
abortion. A mortality study in North Carolina from 1963 through 1992 demon-
strates the reduction in maternal mortality that followed the legalization of abortion
(31). From 1973-1977, immediately following legalization of abortion in North
Carolina, the MMR dropped by 85%. A decrease in abortion-related mortality
accounted for about 46% of this total decline.

Since the 1980s, the national trend in the MMR has been essentially flat or
slightly increasing (18, 32, 33). States report similar experience (31). The lack of
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Fig. 4.1 Maternal mortality ratio, by year, United States, 1990-1997
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change, however, may conceal a true decrease that has been offset by improved
reporting of maternal deaths (34). Analysts have estimated that up to 50% of
maternal deaths from 1987 through 1990 were not reported (19).

Using data from death certificates, the National Center for Health Statistics
(NCHS) computes the MMR for the United States (34). During the 1990s, the
NCHS’s MMR ranged from 8.2 per 100,000 live births in 1990 to 7.1 in 1995 and
1998, ending the decade at 9.9. Before 1999, data for the MMR included only
deaths occurring within 42 days after pregnancy termination. Reflecting the 1999
transition to ICD-10, since 1999, the MMR has included pregnancy-related deaths
that occurred up to 1 year following pregnancy termination. The annual number of
pregnancy-related deaths ranged from a low of 294 in 1996 to a high of 391 in 1999.
During the 1990s, data from death certificates showed that direct obstetric causes
(such as hemorrhage, embolism, or pregnancy-induced hypertension) accounted for
the majority of deaths (overall 81%), followed by deaths related to pregnancies
ending in abortive outcomes (11%) and indirect obstetric causes (8%).

Healthy People 2010 Objective for Maternal Mortality (1)

e Reduce maternal deaths to 3.3 per 100,000 live births (objective un-
changed from 2000)

The Healthy People 2010 Objectives comprise more than 400 health-related
objectives for the United States. They were developed and are monitored by
federal agencies with broad public consultation.

The Pregnancy Mortality Surveillance System (PMSS) reports a higher MMR
for the 1990s than the NCHS. The PMSS uses multiple sources to ascertain
maternal deaths and includes deaths that occur within 1 year after pregnancy
termination (32). From 1991 through 1999, 4,200 deaths were identified, yielding
an overall 9-year MMR of 11.8. The MMR increased from 10.3 in 1991 to 13.2 in
1999, probably due to improved ascertainment. Overall, 60% of deaths followed a
live birth, 7% a stillbirth, 6% an ectopic pregnancy, 4% an abortion, and 10% of
decedents had not delivered when they died. Pregnancy outcome was unknown for
13% of decedents.

In the United States from 1991 to 1999, risk of pregnancy-related death varied
by pregnancy outcome (35). It was lowest following legal abortion (0.6 per 100,000
legal abortions) or spontaneous abortion (1.2 per 100,000 spontaneous abortions),
followed by live birth (7.1 per 100,000 pregnancies ending in live birth) and ectopic
pregnancy (31.9 per 100,000 ectopic pregnancies). It was highest after pregnancies
ending in fetal death (96.3 per 100,000 pregnancies ending in fetal death). The risk
also varied by method of delivery. Some authors reported a risk of maternal
mortality that was 3.6 times higher for Cesarean deliveries compared with vaginal
deliveries (36). Other authors, however, did not detect this increase (37).
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Table 4.3 Percentage distribution and pregnancy-related mortality ratio for causes of pregnancy-
related death, United States, 1991-1999 (Source: (32))

Cause Percent Deaths per
distribution 100,000
(n=4,200) live births
Embolism 19.6 2.3
Hemorrhage 17.2 2.0
Pregnancy-induced 15.7 1.8
hypertension
Infection 12.6 1.5
Cardiomyopathy 8.3 1.0
Cerebrovascular accidents 5.0 0.6
Anesthesia 1.6 0.6
Others 9.2 2.3
Unknown 0.7 0.1
Total 100.0 11.8

In the United States during the 1990s, the most frequent causes of maternal death
were hemorrhage and embolism, followed by hypertensive disorders, infection, and
cardiomyopathy (Table 4.3) (32).

Cause of death varied by pregnancy outcome (32). Among pregnancies that
ended in live birth, embolism accounted for 21% of deaths, pregnancy-induced
hypertension for 19.3%, infection for 11.7%, and cardiomyopathy for 10.1%.
Deaths following pregnancies that ended in stillbirth showed a similar overall
pattern, except hemorrhage accounted for a notable portion of deaths (21.1%) and
cardiomyopathy accounted for a smaller portion of deaths (5.1%). Nearly all deaths
(93.3%) associated with ectopic pregnancy were caused by hemorrhage. Compared
with deaths following all other pregnancy outcomes, deaths following spontaneous
or induced abortions had the highest portion attributed to infection (33.9%).
Embolism and hemorrhage accounted for 13.9% and 21.8% of deaths following
abortion, respectively.

Describing specific causes of death may conceal factors that contribute to their
underlying etiologies. Such factors include the trends toward delayed childbearing
and increased use of reproductive technology (38). The latter often results in
multifetal pregnancies, which themselves are related to a higher risk of maternal
mortality (39).

PMSS data concerning the length of time from pregnancy termination to
maternal death were available for 3,400 decedents (32). Overall, relative to
pregnancy termination, 34% died within 24 h, 55% during 1-42 days afterwards,
and 11% during 43-365 days afterwards. The length of time between pregnancy
termination and maternal death varied by cause of death and pregnancy out-
come. More than half of the deaths from hemorrhage and embolism occurred
within 48 h after pregnancy termination. In contrast, more than half of the
deaths from infection and pregnancy-induced hypertension occurred from 3
through 42 days after delivery. Deaths from cardiomyopathy occurred at the
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longest interval after pregnancy termination: 45% occurred from 43 through 365
days after pregnancy termination.

International findings: The WHO and UNICEF estimated maternal mortality in
188 countries for 1995 (26). Because of changes in estimation methods, assessment
of trends is difficult. Nonetheless, 1995 data show large variation in MMRs among
regions and countries. An estimated 515,000 deaths occurred worldwide, with more
than half (273,000) occurring in Africa. Although the global MMR was estimated
as 397 per 100,000 live births (95% confidence interval, 234, 635), the estimated
MMR in Africa exceeded 1,000 (i.e., one maternal death occurred for every 100
live births). The estimated MMRs for developed countries with 500,000 or more
live births annually ranged from 84 in Argentina, to 74 in the Russian Federation,
45 in Ukraine, 20 in France, 12 in Germany, Japan, and the United States, 11 in
Italy, and 10 in the United Kingdom. The estimated MMRs were high in several of
the most populated countries: China — 62, India — 437, Indonesia — 472, Brazil —
262, and Mexico — 67.

Analyses performed by WHO, UNICEF, and UNFPA estimate that, in 2000,
529,000 maternal deaths occurred globally (http://www.childinfo.org/maternal_
mortality_in_2000.pdf). In developed countries, an estimated one out of 2,800
women died from a pregnancy-related cause. The highest lifetime risks occurred
in sub-Saharan Africa, where an estimated one out of 16 women died from a
pregnancy-related cause.

A report of the Maternal Mortality Working Group, which calculated the MMR
using improved methods, estimated that, in 2005, 535,900 maternal deaths occurred
worldwide, of which 533,100 were in developing regions (40). This Group also
reported that MMRs in sub-Saharan Africa remained very high in 2005.

Demographic variability. During the 1990s in the United States, the MMR
varied by:

e Maternal race (lowest for Whites),

e Marital status (lowest for married women),

e Age (lowest for women <19 years),

¢ Education (lowest for women with >12 years education, after accounting for age),
e Use of prenatal care initiation (lowest for any care compared with no care), and
e Live-birth order (highest for fifth and higher-order births) (32).

Of these characteristics, disparities are the largest and most consistent for race and
maternal age. In general, African-American women have a three-to-four-fold
higher risk of pregnancy-related death than White women, depending on the
cause of death (32). Exceptions are deaths from ectopic pregnancy and cardiomy-
opathy, for which African-Americans have a six-fold higher risk of death than
Whites (32, 41, 42). Analyses of state-specific MMRs also reveal a higher risk for
African-American women during 1987-1996 (43), 1992—-1998 (44), and 1994—
1998 (45). For maternal deaths following pregnancies that ended in live birth, the
excess mortality among African-Americans is not explained by racial differences in
maternal age, marital status, education, use of prenatal care, urban or rural resi-
dence, infant weight, gestation, or live birth order (46). One author has attributed
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the excess risk of maternal mortality for African-American women to infection
and microvascular dysfunction (47). Other authors attribute the excess risk of
African-American women to their more severe comorbidities and differentials in
pregnancy-related care (44).

Advanced maternal age (>35 years for Whites; >30 years for Blacks) also
increases the risk of maternal death due to medical causes (48-51). For Black
women aged 30 and above, the risk of pregnancy-related death is especially
elevated compared with either younger Black women or White women of any age.

Apart from deaths due to pregnancy-related conditions, studies in Georgia and
Finland found that, during the year after delivery, women who have recently given
birth generally have a lower risk of death than women who have not been pregnant
or given birth (52, 53). An exception occurred for women aged 15—-19, who have 2.6
times the risk of postpartum death due to homicide than women who have not been
pregnant (52). Researchers examining data from Massachusetts, the United States,
and Mozambique also have reported elevated numbers of homicides among young
women who have recently delivered (5, 54, 55).

4.3 Cause-Specific Mortality

4.3.1. Abortion

Occurrence: In the United States, the number of deaths related to legal abortion was
10 in 1998 and 4 in 1999 (56). The legal abortion-related case fatality rate during
the 1990s ranged from 8 deaths per 1,000,000 abortions to 3 deaths per 1,000,000
abortions. No deaths related to illegal abortions occurred from 1995 through 1999.
The number of maternal deaths related to spontaneous abortion was 11 in 1998 and
10 in 1999 (56). From 1991 through 1999 in the United States, deaths related to
induced or spontaneous abortion accounted for 4% of all pregnancy-related deaths
and occurred at a rate of 0.5 per 100,000 births (32). Of abortion-related deaths,
34% were caused by infection and 22% by hemorrhage.

Abortion-related mortality is a much bigger problem in developing countries
than in developed countries. This is particularly true in Africa, where access to legal
abortion is limited. For example, in Nigeria, 20,000 deaths annually are attributed
to unsafe induced abortion (57). In a study of maternal deaths in Benin, Ivory Coast,
and Senegal during 1999, induced abortion-related deaths accounted for just under
half of all pregnancy-related deaths and were 37 times more frequent than deaths
associated with spontaneous abortion (58).

Factors influencing occurrence: The most important cause of death from in-
duced abortion is the safety of the procedure itself. The rates of unsafe abortion vary
by location: Latin America and the Caribbean — one unsafe abortion per three live
births; Asia (excluding east Asia) — one per five live births; Africa — one per seven
live births; and developed countries — one per 25 live births (59).



4.4 Public Health Interventions, their Availability, and Use 113

4.4 Public Health Interventions, their Availability, and Use

Here, we focus on interventions to reduce maternal morbidity and mortality that are
implemented immediately before or during pregnancy. Interventions range in when
they need to occur from preconception (e.g., family planning), to during pregnancy
as well as to during and after delivery (60). Many interventions involve clinical
practice, rather than public health practice. Furthermore, many public health inter-
ventions have their impact by directly or indirectly supporting clinical care. Few
public health interventions have been rigorously evaluated through randomized
clinical trials, although many hold the potential for positive benefits.

Primary prevention: Although the effectiveness of preconception care has not
been evaluated in randomized controlled trials, helping women to have pregnancies
when they want to have them and are in good health likely would have substantial
impact on reducing maternal as well as neonatal morbidity. As discussed in Chap. 2,
we are far from achieving this goal. Broadly based public health interventions, such
as eliminating barriers to family planning services, encouraging pregnancy
planning, and ensuring universal access to health, are needed to achieve it. Com-
pared with other developed countries, the United States has achieved only moderate
success in applying these interventions.

Reducing cigarette smoking and the prevalence of chlamydia infections are
likely to reduce ectopic pregnancy (Table 4.4). Methods to reduce smoking that
have strong evidence of their effectiveness include smoking bans and restrictions;
increasing the unit price for tobacco; media campaigns with interventions; and
quitter telephone support with interventions (61). An ecologic study in Sweden
found a correlation between temporal trends of lower rates of chlamydial infection
detected on screening and lower rates of ectopic pregnancy (62). Community rates
of chlamydia infection can be lowered by screening and treatment of infected
individuals and their partners.

The risks for complications from abortion are lowest early in gestation. Ensuring
women’s easy access to safe, legal abortion is associated with shorter lengths
of gestation when abortions are performed (63). Although death from induced
abortion is rare in developed countries, it accounts for a substantial number of
deaths in developing countries. In contrast with an estimated death rate from
abortions of 0.2—1.2 per 100,000 abortions in the developed world, the rate is 680
deaths per 100,000 abortions in Africa, 283 in South and Southeast Asia, and 119 in
Latin America (63). At least five public health actions improve access to abortions:

e Making abortion available at an affordable price;

e Providing abortion facilities in geographically accessible locations,

e Insuring adequate capacity to perform abortions, so that waiting time is
minimized;

¢ Eliminating legally prescribed waiting periods before the procedure as well as
psychological harassment of women seeking abortions; and

¢ Training an adequate number of clinicians skilled in abortion procedures.
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Table 4.4 Public health interventions aimed at decreasing maternal morbidity and mortality

Maternal problem(s)

Public health intervention

Rationale

Ectopic pregnancy

Morbidity or mortality related
to induced abortion

Anemia; pyelonephritis;
preeclampsia; eclampsia;
hemorrhage; Cesarean
delivery; endometritis;
tetanus

Operative delivery or death
secondary to cephalopelvic
disproportion (CPD)

Death from obstructed labor,
hemorrhage, preeclampsia,
or eclampsia

Puerpural infection

Maternal postpartum tetanus
infection

Reducing the prevalence of
chlamydia infections
through screening and
treatment

Reducing cigarette smoking
among women

Ensuring easy access to
abortion

Removing barriers to
prenatal care

Ensuring adequate nutrition
during childhood

Reducing preconception
overweight/obesity

Maintaining a rapid transport
system to a hospital
capable of Cesarean
section deliveries (in
developing countries,
usually a referral hospital)

Providing trained birth
attendant and hygienic
delivery facilities

Providing population-based
immunization programs

Chlamydia infections can
damage the fallopian tubes

Smoking increases the risk for
ectopic pregnancy

Easy access enables women to
obtain abortions at earlier
gestations, when risks are
lowest

Prenatal care reduces the risk
of adverse outcomes (see
text)

Short maternal stature
increases the risk of CPD.
Providing adequate
nutrition during pregnancy
helps to maximize adult
stature

Maternal overweight/obesity is
associated with increased
risk for operative delivery

Treatment of hemorrhage,
severe preeclampsia, or
eclampsia requires prompt
care at tertiary facility

Trained attendants and
adequate facilities
minimize the risk of
ascending infection and
endometritis

Immunization prevents tetanus

Ensuring access to prenatal care is likely to reduce morbidity and mortality from
anemia, pyleonephritis, preeclampsia, eclampsia, hemorrhage, operative delivery,
and infection. Among the prenatal interventions and their related impacts on
maternal morbidity and mortality are:

¢ Providing iron and folate supplements and screening for and treating anemia,
which reduces anemia and shows promise for reducing the need for postpartum

blood transfusion (64);

e Among women with either high risk of developing hypertension or low baseline
dietary calcium intake, providing calcium supplements reduces the risk of

preeclampsia (64);
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e Screening for proteinuria and increases in blood pressure can detect preeclamp-
sia, enabling treatment, including magnesium sulfate to reduce mortality and
induced delivery for severe disease. Treatment lowers the risk for hemorrhage
that is associated with gestational hypertension (65);

e Screening for asymptomatic bacteriuria and treating appropriately, which pre-
vents pyelonephritis from ascending infections (65);

¢ Providing tetanus immunization prevents maternal and neonatal tetanus;

e Among women with rupture of membranes at or near term, inducing labor,
which prevents maternal infection (65); and

e Among women with breech presentation at term, external cephalic version,
which reduces the risk of Cesarean section delivery (65).

In populations with vitamin A deficiency, -carotene supplementation holds prom-
ise for reducing maternal mortality (64, 66). However, vitamin A deficiency is
uncommon in the United States (67, 68). Although supplementation with iron and
folate may reduce pregnancy-associated morbidity, its impact on reducing maternal
mortality is uncertain (69, 70).

Optimizing nutrition during childhood to maximize adult stature (64, 65) and
achieving a preconception weight that is appropriate for height are likely to reduce
operative delivery due to obstructed labor (Table 4.4).

Notably absent from this list of prenatal clinical interventions is risk-scoring
systems. These systems categorize women based on obstetric history and other
attributes. Women with higher risk scores receive more intensive and/or specialized
obstetrical care. The effectiveness of this approach for reducing perinatal morbidity
has not been established through randomized controlled trials (65).

Secondary prevention: In developed countries, access to hygienic delivery
facilities and availability of tertiary-level care and emergency transport to it are
much less of a problem than in developing countries. The FIGO (International
Federation of Obstetrics and Gynecology) initiative (65, 71), which aims to reduce
maternal mortality in developing countries, includes four components:

Skilled attendants at all births;

e Basic emergency care in primary-level health facilities;
Comprehensive obstetrical care in referral hospitals; and
Rapid transport of women in need of special care.

Training a workforce of skilled birth attendants, establishing a network of primary
and referral health care facilities, and maintaining a rapid transport system all fall
within the realm of public health interventions.

Discussion Topics

1. What is the best balance between spending funds to prevent maternal mortality
and funds to conduct surveillance of maternal mortality? What factors could
change this balance?
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2. Would one expect that the rate of “near-miss” maternal morbidity will increase
as the rate of maternal mortality decreases? Are the two outcomes directly
related to each other?

3. How can persistent racial disparities in maternal mortality be reduced in the
United States? What impact are these disparities likely to have on other preg-
nancy outcomes?

Promising Areas for Future Research

1. How can changes in the rates of maternal mortality in developing countries be
assessed when accounting for improvements in ascertainment of maternal deaths?

2. What are the best methods for assessing the comparability of rates of maternal
mortality among developed countries with differing methods of ascertainment
and differing health-care systems?

3. What are the best methods to evaluate the impact of interventions to reduce
maternal mortality?

Abbreviations

ICD International Classification of Diseases
MMR Maternal mortality ratio

NCHS National Center for Health Statistics
PMSS Pregnancy Mortality Surveillance System
UNICEF  United Nations’ Children’s Fund

WHO World Health Organization
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Chapter 5
Infant Morbidity

While epidemiologic research occasionally results in identification of novel associations
between exposures and disease, more often it is the astute clinician who makes the initial
observations that begin the process. Such was the case in the late 1950s, when a German
pediatrician, Dr. Widikund Lenz, began to observe a very unusual pattern of birth defects
involving phocomelia. Fetuses affected by this extremely rare condition have limb reduc-
tion defects including the absence of hands and|or feet, together with other abnormalities.
Dr. Lenz queried colleagues, and compiled a case series with more than 50 cases by late
1961. The common exposure was the use of a new anti-nausea medication, thalidomide.
Additional studies demonstrated the power teratogenic effect of this drug, and the timing of
fetal development during which its effects were most pronounced. Thalidomide was
removed for the market for several decades, but is now prescribed for patients suffering
terminal illness.

Rajkumar (1)

Most babies are born healthy and experience growth and development within
typical limits. However, normative growth and development differs for very small
infants with underlying disease and those who are not provided sufficient nutrition
and developmental stimulation. In the United States, standards exist for routine
infant care and immunization, under the rubric of Bright Futures (2).

From an epidemiologic perspective, opportunities exist to assess the association
between adverse perinatal outcomes or infant health problems and use of health
care services by race and ethnicity, socioeconomic status, and insurance or mem-
bership in specific health programs or plans. Sources of infant morbidity may
originate in the perinatal period, or arise from insults or infections postnatally
acquired in the family or community.

This chapter begins by defining infant morbidity, and then it describes general
measures, data sources, and measurement issues. Subsequent sections examine
specific types of morbidity, focusing on epidemiology, risk factors, and protective
factors, as well as public health interventions.

M.M. Adams et al., Perinatal Epidemiology for Public Health Practice. 121
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5.1 General Issues of Infant Morbidity

5.1.1 Definitions, Measures, Data Sources,
and Measurement Issues

5.1.1.1 Definitions

Infant morbidity is defined as any physiologic or structural departure from a state of
well-being that is manifest during the infant’s first year of life. This broad definition
covers conditions with a broad range of etiologies, including those that are deter-
mined genetically (e.g., phenylketonuria — PKU), those that arise from adverse
exposures while in utero (e.g., birth defects), those that are consequences of
shortened gestation and/or abnormal fetal growth, those related to infections, and
those stemming from injuries. We have not included most developmental disorders,
largely because they typically do not manifest until after the first year of life nor
have we included psychological disorders, because of the difficulty of diagnosing
them during infancy.

5.1.1.2 Measures

The frequency of infant morbidity may be assessed by prevalence at birth, proportion
of affected infants, or proportion of infants experiencing a first episode of a morbidity
(Table 5.1). Typically, birth defects are measured by prevalence at birth (3).
Birth defects occur early in gestation and many affected fetuses do not survive.
Thus, the number of infants with birth defects at delivery is only a portion of all

Table 5.1 Measures of infant morbidity

Measure Computation Comment and example
Prevalence rate Number of live born infants with the morbidity ~ Suitable for conditions
at birth Total number of live births that arise during

gestation
Example: Rate of spina
bifida
Incidence rate during ~ Number of infants with the morbidity Suitable for conditions
infancy Total Number of live births that can occur only
once
Example: Retinopathy
of prematurity
Incidence rate of first Infants with first occurrence of the morbidity Suitable for conditions
occurrence during Total number of live births that can occur more
infancy than once

Example: Rate of motor
vehicle-associated
injuries
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occurrences of birth defects. These affected infants represent prevalent (i.e.,
existing), rather than incident (i.e., newly occurring) cases.

Some morbidities, including some viral illnesses, can occur only once, because
affected individuals develop immunity. In this case, occurrence can be measured
accurately by counting the number of infants who have the illness, regardless of
when during infancy it occurs. In contrast, other morbidities, notably injuries, may
recur. In computing the rates of morbidities that can recur, one must count the first
occurrences of the illness, not the total number of episodes of illness. (Using the
total number of occurrences of illness is fine, however, for computing the ratio of
morbidity occurrences to the number of infants.) To further refine the available
information, one can compute the rate of first occurrences of the morbidity, the rate
of second occurrences, and so on. Along with the total number of times that the
morbidity occurs, these computations help to show whether the morbidity occurs
repeatedly in a small group of infants or usually just once among the overall
population of infants.

5.1.1.3 Data Sources

Sources for the study of infant morbidity are similar to those enumerated for
maternal morbidity in Chap. 3, and range from vital statistics to service utilization
records — including hospital discharge data, emergency room, outpatient care visits,
and claims databases such as Medicaid, to data from public health programs. The
latter include results from newborn screening for metabolic disorders and inborn
errors of metabolism, newborn hearing screening, birth defects surveillance, and
communicable disease surveillance. Additional programs that may collect clinical
data of relevance to infant morbidity include early intervention, children with
special health care needs, blood lead screening, WIC, and child protective services.

Figure 5.1 provides a conceptual framework for data integration to investigate
the epidemiology of infant morbidity from a population-based perspective. At the
center is the population reference base, typically the database of birth certificates
(this database may be enhanced by adding records for infants entering the popula-
tion after birth but during the first year of life). Although birth certificates contain
some information concerning infant health status, these observations relate only to
infant characteristics at birth or during the first few days of life at best. However,
birth certificates serve as the population reference base and can enable record
linkages between administrative, surveillance, or public health services databases.

All of the data sources surrounding the certificates of live birth in Fig. 5.1
contain sufficient personal identifiers to link individual records from health services
programs to their birth certificates, if not directly to records on the same infant in
the other data sources shown. The examples shown in this diagram include the most
commonly analyzed databases as well as several that have been utilized less
infrequently by perinatal epidemiologists.

Databases specific to infancy include newborn metabolic screening, newborn
hearing screening, neonatal intensive care unit (NICU) discharge data, and to a
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greater extent birth defects surveillance data. Public health programs in all states
have been designed to screen all newborns, shortly after birth, for a growing list of
disorders (PKU, congenital hypothyroidism, galactosemia, biotinidase deficiency,
medium chain acyl CoA dehydrogenase (MCAD) disorder and sickle cell disease,
among others) (4-6).

Screening for conditions such as cystic fibrosis has recently been added to state
newborn screening panels in most U.S. (7). Most states have implemented manda-
tory or voluntary programs for early hearing detection and screening to ensure that
infants born with congenital hearing loss receive treatment and follow-up to
minimize the developmental sequelae of moderate to severe hearing loss (8, 9).
Several regions have maintained databases that collect systematic information at
discharge from the NICU, which can be linked to birth certificates for risk factor
epidemiologic studies and to examine the efficiency of the perinatal health care
system (10, 11). Unfortunately these data systems have been difficult to sustain
(12); in their place, newer programs such as the Vermont-Oxford Network and the
National Institutes of Child Health and Human Development (NICHD) Neonatal
Network collect standardized data on NICU diagnoses, treatments, and outcomes
from participating hospitals. These data have the limitation of not being population-
based (13-15). In contrast many European nations have collaborated in the
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development of regional measures of the quality of perinatal care services (e.g., 16).
Population-based birth defects surveillance programs have been implemented in
most states; these data must be linked to birth certificates to provide unduplicated
counts of individuals and the resultant linked files can be used for a variety of
epidemiologic analyses and health services research studies (17).

Several databases (early intervention — birth to three, immunization, blood lead
screening, developmental disabilities services and children with special health care
needs, and child abuse and neglect/child protective services) collect information
concerning issues affecting infant and child health that have become foci of public
health attention, but are not limited to events during the first year of life. Research
using these databases often provides information specific to infant morbidity, but
the data must be used with caution and attention to detail (e.g., 18-20).

Three databases included in Fig. 5.1 cover the entire age span, but include
records of special interest for perinatal epidemiology. Reports of communicable
disease must be filed with state epidemiologists whenever physicians diagnose
reportable conditions. Many of these conditions (syphilis, pertussis) can have
devastating consequences for the infant. However, communicable disease reporting
is imperfect, and many perinatal infections are not reportable or are highly under-
reported. Hospital discharge databases potentially can identify these cases as well
as other infant morbidities requiring hospitalization. This source is described in
more detail in Chap. 3. Here we note not only that all infants should have a newborn
hospital discharge, but also that when properly designed and implemented
subsequent discharges also can be linked for the same infant, and these records
can be linked to the infant’s birth certificate. Two projects that demonstrate the
potential value of these data are the Birth Event Record Database (BERD) main-
tained by the state of Washington and the Pregnancy and Early Life Longitudinal
Study (PELL), at Boston University. Methods for linking vital statistics with
hospital discharge records should include scientific analysis of data quality and
validation (21, 22).

Medicaid data are another potential source for perinatal epidemiologists. These
data can provide information on eligibility for Medicaid services, as well as
diagnoses, procedures, and source of care. When linked with birth certificates and
other population-based infant health data sources, many aspects of infant morbidity
can be studied, both within the Medicaid service population and comparing
Medicaid recipients with other infants.

5.1.1.4 Measurement Issues

For most of the data sources described in Fig. 5.1 and discussed in the previous
section, programs are maintained at the state level, and obtaining national data is
difficult, even for programs that exist in most or all states, such as newborn
metabolic screening, newborn hearing screening, and birth defects surveillance.
Vital statistics are an exception, most useful as a reference data set for the study of
infant morbidities. Other data sources are administrative program databases, which
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often are not maintained and frequently not designed for use in epidemiologic or
evaluation research. While the databases may be population-based, records are
frequently duplicated, may or may not match the population of resident live births
in the jurisdiction, and can have clerical or coding errors that may prove impossible
to correct (23).

Hospital discharge data, when linked to vital statistics and unduplicated or
linked across subsequent hospital stays, are a potential source, but only for condi-
tions requiring hospitalization (e.g., intussusception, certain birth defects, or respi-
ratory infections among neonates with lung disease). These data have been
underutilized in perinatal epidemiology in the past, but have received considerable
attention since the development of the Agency for Healthcare Research and Quality
(AHRQ) databases and the creation of linked vital statistics-hospital discharge
databases in several states, including California, Massachusetts, Michigan,
Missouri, New Jersey, New York, and Washington, among others.

Researchers utilizing Medicaid databases should recognize that these data are
not population-based. Medicaid data are often used for health services research, in
particular, to measure perinatal outcomes before and after the implementation of
policy changes (i.e., presumptive eligibility, Temporary Assistance to Needy
Families (TANF), changes in eligibility based on the federal poverty level in
specific states). Particularly when linked with birth certificates and other
public health program administrative databases, Medicaid data can be a rich
source of information concerning infant morbidity and health services utilization
(e.g., 24, 25).

Race/ethnicity data have tended to be unreliable when reported in hospital
sources, and there is the additional problem of whose race to use in classifying
and analyzing the data: mother or child. Recent work summarizing these issues and
their implications for research in public health include (26) and (27).

Although the fields of public and population health informatics (28-31) are in
their infancy, developments in computational methods, data storage and retrieval
capacity, and system integration will facilitate the rapid development of child
health information systems (32, 33), building on earlier concepts of child health
profiles (34) in the coming years. While limited opportunities for systematic
population-based study of infant morbidity currently exist, we anticipate rapid
advances in both epidemiologic research and application to public health practice.

5.2 Morbidity Associated with Shortened Gestation,
Near-Term Intrauterine Growth Restriction,
and Sequelae of Prematurity

In this section we focus on infant morbidity associated with preterm birth and
intrauterine growth restriction (IUGR) among neonates born moderately preterm or
very preterm. While these outcomes are often referred to as sequelae of prematurity,
some infant diseases and health conditions in the sequelae of prematurity are
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acquired postnatally rather than perinatally and could be considered a developmen-
tal burden in preterm infants compared with their term peers.

5.2.1 Definitions, Measures, Data Sources,
and Measurement Issues

5.2.1.1 Definitions

Preterm birth is discussed in considerable detail in Chap. 7. The generally accepted
definition is birth at less than 37-weeks gestation, but variants on this definition
occasionally occur in the research literature. [UGR (see Chap. 7) is also subject to
varying definitions, with the most commonly accepted being birth weight at less
than the 10th percentile for gestational age at delivery. The term small-for-gestational
age is often used synonymously with [UGR. We focus on neurodevelopmental
outcomes in infants born preterm and/or IUGR.

5.2.1.2 Measures

While some analyses study patterns of morbidity among preterm and [UGR infants
overall, gestational age-specific or birth weight-specific analyses are much more
common. Most perinatal sequelae show strong inverse associations with gestational
age prior to term. IUGR, on the other hand, is more commonly analyzed as a
category, typically comparing small-for-gestational age (SGA, less than 10th per-
centile of birth weight for given gestational age) with appropriate-for-gestational
age (AGA, 10th—90th percentile) and large-for-gestational age (LGA, greater than
90th percentile). Measures utilized are more commonly rate-based rather than
incidence-density measures, although the latter are sometimes used in hospital-
based research.

5.2.1.3 Data Sources

Many preterm and virtually all very low birth weight or very preterm infants
surviving the first 24 h of life receive care in NICUs. Most studies examining the
characteristics of infants with NICU stays draw from the experiences of single
hospitals or research networks, with limited research examining morbidity during
NICU stays or postdischarge from a population-based perspective. Few studies
provide a comprehensive overview, focusing instead on specific birth weight or
gestational age subgroups, or clinical treatments and outcomes. While population-
based studies in US samples are infrequent, numerous studies in the international
literature are available. Although birth certificates are limited as a source for data on
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infant morbidity in general and outcomes for high-risk neonates in particular, these
data are essential to population-based research. Hospital discharge summaries also
provide information concerning diagnoses and procedures during initial and
subsequent inpatient hospitalizations, but these data often fail to provide sufficient
clinical details, and long-term outcomes beyond the index hospital stay are not
reported.

5.2.1.4 Measurement Issues

The most serious challenge in population-based epidemiologic analysis of sequelae
of preterm birth and/or IUGR stems from the difficulty involved in identifying the
birth cohort and following all cases systematically through infancy or into early
childhood. By no means are all high-risk infants enrolled in infant follow-up
programs, and even when they do receive these services, clinical practices and
diagnostic criteria differ considerably from program to program. Perinatal sequelae
that occur early in infancy, during NICU stays or rehospitalizations, may be more
readily identified. However, conditions such as retinopathy of prematurity (ROP)
and intraventricular hemorrhage (IVH) vary in severity and ICD-9-CM codes lack
the specificity to classify these cases appropriately. Additionally, unless records for
preterm or IUGR infants are linked to vital statistics, demographic information
concerning the infant’s race/ethnicity and maternal characteristics may be incom-
plete or subject to reporting bias.

International and state-to-state comparisons in incidence of sequelae of prema-
turity may be hampered by variations in NICU care resulting in greater or lesser
rates of mortality. Since many assessments of these morbidities are conducted only
on infants surviving the neonatal period, or the NICU stay, regional variations in
mortality rates can materially affect these comparisons.

5.2.2 Descriptive Epidemiology

5.2.2.1 Temporal Trends

Since their inception in the 1960s, NICUs have been the focal point for improve-
ments in high-risk infant treatment and management, resulting in dramatic
improvements in survival and gradual downward shifts to earlier gestational ages
in the limits of neonatal viability. Carter and Stahlman recently reviewed this
history from the perspective of clinical ethics (2001).

One recent study examined in-hospital morbidity among less than 25-week
gestation infants surviving at least 12 h, comparing those born between 1991 and
1994 with those born between 1995 and 1998, using NICHD neonatal research
network data (35). Controlling for use of antenatal steroids, antibiotics, and neona-
tal surfactant, mortality decreased in the more recent cohort. This decrease occurred
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concomitantly with increased major morbidity (defined for this study as necrotizing
enterocolitis (NEC), IVH grade 3 or 4, periventricular leukomalacia (PVL), or
bronchopulmonary dysplasia (BPD)).

Infant morbidity varies with gestational age. Acute and chronic morbidities
present in well over half of all extremely preterm neonatal survivors (23-26
weeks) include respiratory distress syndrome (RDS), BPD, and ROP. Less preva-
lent although very frequently present are neonatal sepsis (early or late) and IVH
(grades III or IV), while PVL occurs in approximately 10% of cases and NEC in
approximately 5% (36). The prevalence of these conditions, all of which generally
manifest during the early stages of extended NICU stays, declines with increasing
gestational age. Neurological and developmental sequelae of preterm birth — such
as cerebral palsy, cognitive deficits, neurosensory, and gross/fine motor impairment —
also are modified to some extent by external factors. These factors include parenting,
home environment, early intervention, and community-acquired infections, among
others.

Although survival of infants at the lowest birth weights and earliest gestational
ages has improved throughout the 1980s and 1990s, rates of cerebral palsy, blind-
ness, deafness, and neurosensory disability have not decreased. For example, a
recent study of survivors to age 2 found similar rates among those born in 1991—
1992 and 1997 (37). Several meta-analyses examining studies over longer time
intervals have made similar observations (38, 39, 40). In general, although mortali-
ty has decreased dramatically, especially at shorter gestations, and rates of intact
central nervous system (CNS) have increased, the shift of the birth distribution
to shorter gestations increases the burden on the perinatal health care system
and society.

At the other end of the spectrum of low birth weight infants are those born
moderately low birth weight (1,500-2,499 g). While there are at least four times as
many of these infants as there are VLBW infants, they receive considerably less
public health attention (41, 42). These infants are much less likely to experience
NICU stays, yet they account for perhaps 25% of all cases of cerebral palsy as well
as a disproportionate share of neonatal deaths and mental retardation.

Infants born preterm are significantly more likely than term infants to require
rehospitalization, at higher cost, as are multiple births, which are frequently deliv-
ered preterm (43, 44).

5.2.2.2 Geographic Variability

While there are definite differences in patterns of perinatal sequelae in cross-
national comparisons, differences observed in the United States are based primarily
on analyses using hospital NICUs as the units of analysis, especially with data from
the Vermont-Oxford Neonatal Network. Extreme variations have been observed in
patterns of ROP, grade III-IV IVH, and related outcomes. These variations have led
to implementation of quality improvement and quality monitoring programs (45)
that have reduced the hospital variability. Infants born at facilities with NICUs tend
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to have better outcomes than those born elsewhere and transferred after delivery;
access to care and availability of tertiary perinatal services clearly plays some role
(46-48). Available data do not support comprehensive regional or state level
comparisons within the United States.

5.2.3 Factors That Influence Occurrence and the Availability
and Effectiveness of Related Public Health Interventions

5.2.3.1 Interventions

Prevention of infant morbidity among high-risk infants requires the joining of hands
between health care delivery systems and public health programs. Although public
health agencies no longer have sufficient funds to support long-term multidisciplin-
ary follow-up clinics for high-risk infants, these babies need developmental assess-
ments at regular intervals during the first 2 years of life. These assessments include
neurological, intellectual, speech/language, growth and developmental, and psycho-
social aspects of the child and the family/home environment. Many of these infants
are at-risk for or have identified developmental delays. Referrals from NICUs and
follow-up programs to publicly funded Birth—to-Three programs and programs for
CSHCN can implement care arrangements. Public health agencies can support the
development of family-centered NICU services, and aid in the transition from
hospital to caregiving in the family home. Developmentally sensitive approaches
to nursing care for high-risk infants may play an important role in supporting the
abilities of parents to act as primary caregivers. Insufficient evidence presently
supports the assertion that individualized developmental care programs such as the
Newborn Individualized Developmental Care and Assessment Program (NIDCAP)
are effective in improving short-term medical and neurodevelopmental or long-
term neurodevelopmental outcomes in preterm or low birth weight infants (49, 50).

Determining which infants are at highest risk for adverse neurodevelopmental
outcomes remains elusive. While a number of indices and measures have been
developed over the years, beginning with Dr. Virginia Apgar’s eponymously
named score (51), measures of acuity of the condition of the ill neonate such
as the CRIB (clinical risk index for babies) and SNAP (score for neonatal acute
physiology) have been generally more effective at predicting mortality or severe
central nervous system deficits than for predicting short- or long-term develop-
mental outcomes (52-54). These and other proposed neonatal disease severity
scores are summarized in (55).

Infants born preterm, with SGA, or adverse perinatal outcomes are especially
vulnerable, and at greatest need for linkages to pediatric health care services
through the medical home (56, 57). Special attention can also be paid to preventive
health measures, including immunizations, and hearing and vision screening, as
well as early intervention and prompt treatment of infections such as otitis media.
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Developmental Delay/Disabilities

Pediatricians recognize that infant development is a moving target within
which developmental and behavioral abilities develop over time. Normal
development is generally defined by achievement of developmental mile-
stones within specified age ranges (58). Developmental disabilities include
neurosensory deficits or impairments (especially vision and hearing), neuro-
logical disorders including gross and fine motor development, and physical
disabilities that limit intellectual development.

The term developmental delay is used in a variety of settings, with
different definitions and intentions. In infancy, some use it to refer to neuro-
developmental disabilities, while others use it to identify at-risk infants who
test lower on developmental assessments than established norms or control
groups (59). Developmental disorders are somewhat less likely to be diag-
nosed in infancy. Pediatricians prefer not to diagnose mental retardation or
cognitive or neurological deficits at young ages, choosing less specific terms
wherever possible (e.g., delayed milestones). However, routine developmen-
tal assessments recommended for all infants at well-child visits, utilizing
validated screening instruments and with referral to specialists for more
careful assessment would uncover many of these (2). Although developmen-
tal disabilities can occur among any group of infants, those born preterm or
requiring extended stays in the NICU are at increased risk.

Public health interventions include screening at well-child visits with refer-
rals, the Early Periodic Screening Diagnosis and Treatment (EPSDT) in the
Medicaid program, Birth-to-Three early intervention services, CSHCN, devel-
opmental disabilities services, and high-risk infant follow-up services. Ideally
these services are provided within the context of a pediatric medical home,
focused on family-centered, community-based, culturally appropriate care.

5.3 Infection

Infectious diseases were the principal cause of infant morbidity and mortality at the
beginning of the twentieth century (60). While their role has been greatly reduced,
especially in developed countries, babies continue to die from infectious diseases,
and infections may result in permanent disability or impairment. Some infections
affect the fetus in utero, particularly when the mother contracts a primary infection
at critical stages of fetal growth and development. Fetuses exposed to rubella early
in the pregnancy (before the 16th week) may have serious birth defects or result in
spontaneous abortion, while those affected later in pregnancy develop ear malfor-
mations or hearing impairments — this spectrum of perinatal morbidity has been
termed the congenital rubella syndrome (CRS). In many ways this disease process
and its sequelae are a paradigm for a clinical and public health approach to primary
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prevention. Prior to the 1930s, the association of rubella with congenital hearing
loss and birth defects was not known. Once it was identified, researchers developed
vaccines to immunize children against this formerly common childhood disease,
and today women are routinely tested for antibodies to rubella early in their
pregnancies, and some health services quality experts regard the occurrence of
CRS as a sentinel event indicating vaccine failure, failure of health care access, or
poor quality prenatal care (61).

5.3.1 Definitions, Measures, Data Sources,
and Measurement Issues

5.3.1.1 Definitions

Infectious diseases affecting infants can be classified in several ways. For example,
some have advocated the categorization of infections among infants into endoge-
nous (those arising congenitally or during the perinatal period) and exogenous
(those occurring after the first month of life), paralleling the classification of infant
deaths into neonatal and postneonatal categories (62). Here we chose to differenti-
ate among congenital infections, acquired in utero or during the perinatal course,
other typical infections of infants. This classification is helpful for focusing on the
public health implications of infectious disease during infancy.

5.3.1.2 Measures

Measures useful for assessing infections in infancy include incidence and preva-
lence, as well as co-occurrence with other infant morbidities and specific measures
stratified by birth characteristics and other factors. While mortality is not the subject
of the present chapter, case fatality rates are also commonly used measures, as well
as developmental sequelae secondary to the infectious disease process.

5.3.1.3 Data Sources

While infants are susceptible to a variety of common infections, most of these have
a short duration, are managed at home, and have limited effects on growth and
development. Thus, most are not reportable, do not require hospitalization, and do
not require health services utilization. Many are not captured by our data systems.
Here we focus on infections with developmental sequelae, including otitis media,
retrosynctial virus (RSV) and related respiratory infections that require health
care utilization, and group B streptococcus (GBS), congenital (acquired in utero/
perinatally): e.g., rubella, syphilis, HIV. While some infectious diseases affecting
infants are reportable communicable diseases (e.g., congenital syphilis), despite
their potentially serious effects and sequelae most are not directly under public
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health surveillance. Data on specific organisms affecting infants hospitalized in the
NICU can be obtained from the Vermont-Oxford Network, and some data on
infections occurring in hospitals can be obtained from the National Nosocomial
Infection Surveillance System maintained by the Centers for Disease Control and
Prevention (http://www.cdc.gov/ncidod/dhgp/nnis.html). Data on infections occur-
ring during infant hospitalizations that warrant diagnosis and treatment can be
obtained from hospital discharge databases as well. Data on infant infectious
disease diagnosed and treated outside hospital settings are much more difficult to
obtain.

5.3.1.4 Measurement Issues

Because most of these infections are not carefully monitored on a population basis,
available data may be subject to significant reporting bias and incomplete or
selective ascertainment, rendering comparisons across geographic areas or over
time difficult to interpret.

5.3.2 Descriptive Epidemiology

Pathogens capable of infecting the placenta and damaging the development of the
fetus have traditionally been classed as toxoplasmosis, other pathogens (including
varicella and parvovirus), rubella, cytomegalovirus (CMV), and herpes simplex
under the mnemonic TORCH infections. These infections, particularly CMV, are
important causes of sensorineural impairment in infants and children worldwide,
and continue to play a role in infant morbidity in the United States (63).

Acquired CMV infections typically produce no recognizable symptoms in
healthy infants. Even among CMV-infected neonates, most show no symptoms at
birth. Some 10% of affected newborns do show systemic signs, ranging from
jaundice, hepato- or splenomegaly, petechiae, [IUGR, or RDS to microcephaly,
seizures, sensorineural hearing loss, and abnormal tone. Approximately 5% of
infants who are symptomatic may die (64). Neonates with silent CMV infections
have no neurodevelopmental sequelae, but some may later develop sensorineural
hearing loss. According to one estimate, annually approximately 9,000 infants in
the United States have either audiologic or neurologic deficits as a result of
congenital CMV infection (65, 66).

There are two primary opportunities for prevention of congenital CMV expo-
sure. CMV vaccines are progressing through clinical trials, and may reduce
exposure to some extent; however, it is possible for seropositive women to become
reinfected with new CMYV strains, suggesting that vaccines may be of limited
efficacy for prevention of transmission from mother via placenta to the developing
fetus. Avoidance of direct contact with urine and saliva of young children during
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pregnancy, with immediate hand washing with soap and water in the event of
exposure, is an important precautionary measure.

Toxoplasma gondii infection, caused by a protozoan, can cause central nervous
system damage with primary exposure during pregnancy. Infected cats are the
primary host, although T. gondii can be found in undercooked meats and in some
fruits and vegetables contaminated with the oocyst form of the T. gondii organism.
In the US, perhaps 15% of women of reproductive age show evidence of prior
infection. Estimates of rates of congenital infection in the US are in the range of
0.8-10/10,000 live births. This suggests that perhaps 400—4,000 infants are born
with congenital toxoplasmosis in this country each year (63). Infants with congeni-
tal toxoplasmosis may present with neonatal clinical features similar to congenital
CMV, including microcephaly, IUGR, hydrocephaly, jaundice, and chorioretinitis
toxoplasmosis or with no clinical symptoms at birth. The best clinical practice is to
establish the seropositivity of the mother early in pregnancy, and treat with anti-
biotics those who seroconvert within 4 weeks of the diagnosis of intrauterine
exposure (63). Infants with proven congenital toxoplasmosis treated have lower
risk for epilepsy, cerebral palsy, visual impairment, and mental retardation.

While as many as 2% of pregnant women become infected with herpes simplex
virus (HSV) during pregnancy, most infections do not result in disease in the fetus
or newborn. Fetuses exposed to genital infections near the time of delivery are more
likely to have neonatal disease. Cesarean sections have been advocated to avoid
neonatal exposure to herpes in the birth canal.

CRS is caused by maternal rubella (German measles) infection. Severity of
outcomes is associated with timing of infection — exposures in the first 8 weeks
of gestation can result in congenital heart defects and cataracts, and hearing loss.
CRS can also cause stillbirth or spontaneous abortion. Maternal infections after
16 weeks of gestation may result in sensorineural hearing loss (63). Since 1969
and the introduction of the rubella vaccine, incidence of CRS in the United States
has declined dramatically to rates of less than 0.1 per 100,000 live births. Most
cases today occur among infants of immigrants from countries that have not
implemented compulsory immunization; however, epidemiologists should care-
fully monitor the incidence of CRS as a sentinel event for vaccine-preventable
neurodevelopmental sequelae.

Similarly, congenital syphilis is caused by untreated maternal syphilis infections
during pregnancy. Perhaps as many as one million infants worldwide are born with
congenital syphilis each year (67). Although the incidence of congenital syphilis
was much higher in the late 1980s and early 1990s, in recent years fewer than 600
cases have been reported annually in the United States (CDC 2004). Laws
concerning the testing and reporting of prenatal syphilis infection vary by state
(68). Most reported cases are untreated or have inadequate or undocumented
treatment, and occur much more commonly among Black non-Hispanic and His-
panic women. From 1992 to 1998, the case-fatality rate for congenital syphilis was
6.4%, with approximately 60% of cases reported as stillbirths (69).

Group B streptococci (GBS) emerged as a leading cause of neonatal infection in
the United States since 1970. Perhaps 20-30% of all pregnant women are carriers of
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GBS, and GBS colonization rates are higher among African-American than among
White or Asian women (70). Maternal GBS infection can manifest as urinary tract
infection, chorioamnionitis, bacteremia, and postpartum endometritis. In the neo-
nate, early-onset disease is defined as onset in the first week of life, and most
typically is seen within 72 h of birth. Early onset GBS infections, typically
transmitted from mother to infant can cause sepsis, meningitis, and pneumonia,
among others. Late-onset disease first manifests after 7 days of life, and can result in
similar symptoms but may have different sources. Improved screening of mothers
and clinical management techniques have dramatically reduced the incidence of
early-onset neonatal GBS (71). Overall incidence of early-onset disease was 0.4
cases per 1,000 live births during 2002 (71). Case fatality rates have fallen below
5%, but mortality increases with decreasing gestational age (72).

Neonatal nosocomial infections also fall under the rubric of perinatally
acquired infections. Bloodstream infections are the most common site recognized
among NICU patients, with higher incidence with decreasing birth weight (73,
74). These infections were most commonly associated with umbilical or central
intravenous catheters. Most bloodstream infections were acquired after birth, as
were the large majority of nosocomial pneumonias and reflect the length of time
in intensive care. NEC affects preterm infants (75). Some nosocomial outbreaks
have occurred (76), pathogens vary, and in several outbreaks no significant
pathogen could be identified.

Respiratory infections are extremely common in infants. Most are of little
consequence in otherwise healthy infants. Approximately one in five infants may
have RSV-associated wheezing during the first year of life (77). An analysis of
National Hospital Discharge Survey (NHDS) data for 1997-2000 identified bron-
chiolitis due to RSV, unspecified bronchiolitis, and unspecified pneumonia as the
top three primary diagnoses among hospitalized infants under the age of 1 in the
United States. When both primary and secondary diagnoses of RSV are included,
24.3 hospitalizations for RSV per 1,000 infants occurred (78). Most infants hospi-
talized for bronchiolitis or RSV pneumonia have complications, with serious
complications in 24% of cases in one multicenter study (79). Available data thus
suggest that RSV leads to hospitalization of 2-3% of otherwise healthy infants
hospitalized per year. Incidence of RSV is higher in the first 6 months of life (4.4
per 100 child-years compared with 1.5 in the second 6 months). Severity of RSV
infection is much higher among preterm infants and those with congenital heart
disease or BPD (77, 80).

Pertussis is a respiratory illness caused by Bordetella pertussis, with a paroxys-
mal cough that may last several weeks. Prior to the 1940s when a pertussis vaccine
became commonly available, later combined with vaccines for diphtheria and
tetanus into the diptheria—tetanus—pertussis (DTP) vaccine, pertussis was a major
cause of morbidity and mortality in infants and young children in the United States.
Reported cases of pertussis among infants still occur and the incidence appears to
be rising (81). Infants with fewer than recommended doses of DTP vaccine were at
greater risk of pertussis-associated hospitalization. Newer vaccine strategies may
target infant caretakers.
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Otitis media is a very common infection that may accompany respiratory infec-
tion. An analysis of National Health and Nutrition Examination Survey (NHANES)
data for 1988—1994 estimated the prevalence of otitis media among infants in the
United States at 34.1%, with 8.2% of infants having recurrence of otitis media (110).
The prevalence among children under age 6 was higher among White children (also
confirmed by Vernacchio et al. (83) in a study focusing on infants), increased with
increasing education level of the head of household, among children attending child
care, and with family income above the federal poverty level.

Diarrheal illnesses of infancy were once a leading cause of mortality in
developed countries and remain an important cause of morbidity. Diarrhea is
influenced by feeding practices, almost unknown in breastfed infants without
supplementary feedings. Among infants, incidence of diarrheal illness rises with
supplemental feeds, particularly where sanitary conditions are not good. Common
reported pathogens causing infectious diarrhea include rotavirus, enteric adenovi-
rus, salmonella, camplyobacter, yersinia, and giardia. Diarrhea in the newborn is
more likely the result of a systemic infection or urinary tract infection than
infectious diarrhea (84).

Salmonellosis resulted in 120.8 reported cases, and 25.0 hospitalizations per
100,000 person-years among infants in California during the 1990s, with gastroen-
teritis the most common site of infection (85). Data from the FoodNet study area,
comprised of several states and metropolitan areas in the United States, show higher
incidence of invasive Salmonella infections among male infants and among Black
infants (86). Approximately 25% of infants with Salmonella infections were hospi-
talized, with a case-fatality rate of 0.1% (87).

A review of the world literature suggests that exclusive breastfeeding provides a
protective effect against diarrhea or gastroenteritis, with odds ratios of 3.0 or more
compared with infants fed non-breast milk (88). This observation was confirmed in
a case-control study of sporadic Salmonellosis derived from the FoodNet surveil-
lance data (89).

Intussusception, the most common cause of intestinal obstruction in infants and
young children, gained attention with the introduction of the rotavirus vaccine in
1999 (90). While the etiology is unknown and possibly multifactorial, some chil-
dren have anatomical predisposition (e.g., everted Meckel’s diverticulum) and
pathogens such as respiratory adenoviruses may be involved (91). Intussuscep-
tion-associated hospitalization rates in infancy are 1.2—1.7 times higher among
males, but do not appear to differ among white and black infants while infants of
other races have higher incidence (91).

5.3.2.1 Temporal Trends and Geographic Variability

While there is evidence for declining patterns of specific infectious diseases in
infancy following development and widespread implementation of vaccines (e.g.,
Haemophilus influenzae) available data in the United States are insufficient to
enable careful consideration of geographic or temporal variation in the incidence
of specific diseases affecting infants.
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5.3.3 Factors That Influence Occurrence and the Availability
and Effectiveness of Related Public Health Interventions

5.3.3.1 Interventions

Public health interventions to prevent infections in infancy focus on primary
prevention with vaccines, good hygiene, breastfeeding, and avoidance of opportu-
nities for exposure. Invasive pneumococcal disease could be dramatically reduced,
including many infections causing otitis media, with widespread use of the hepta-
valent pneumococcal conjugate vaccine. Vaccines have also been developed and
are in a testing phase for Neisseria meningitides and rotavirus (92). For RSV, while
there is hope for an eventual vaccine, avoidance of day care, crowding, and
effective hand washing are good precautionary measures. While vaccines for
rubella are available, maternal seropositivity for each of the infectious agents in
the TORCH mnemonic should be assessed early in pregnancy, and precautionary
measures should be taken as indicated. Avoidance of environmental tobacco smoke
exposure for infants will reduce the likelihood of respiratory disease as well as
acute and chronic otitis media, and environmental tobacco smoke has also been
associated with developmental delay.

Oral rehydration therapy has proven especially effective in preventing infant and
child mortality associated with diarrheal diseases. While life-threatening cases of
severe dehydration are infrequent in the United States, this therapy saves thousands
of lives each year in developing nations.

5.4 Birth Defects

Birth defects occur in 3-5% of all live births, with higher frequencies at earlier
gestations, among stillbirths, and among spontaneous pregnancy losses (93). Birth
defects are a leading cause of infant mortality, and contribute to deaths in early
childhood (94, 95). Birth defects also contribute disproportionately to infant mor-
bidity and health services utilization. Next to cancers, birth defects are the most
common source of public concerns for community-level environmental exposures.
In this section, we will review common definitions, methods for identification of
pregnancies and infants affected by birth defects, risk factors and etiology for
common birth defects, and opportunities for public health intervention.

5.4.1 Definitions, Measures, Data Sources,
and Measurement Issues

5.4.1.1 Definitions

Birth defects include “abnormalities of structure or function, including metabolism,
which are present from birth. Serious birth defects are life threatening or have
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the potential to disability (physical, intellectual, visual or hearing impairment or
epilepsy)” (96). Structural or functional anomalies include malformations, defor-
mations, disruptions of normal embryonic/fetal growth, and development.

5.4.1.2 Measures

Identification of fetuses affected by birth defects often occurs antenatally, but the
full extent and severity may not be known until after delivery. Improvements in
laboratory methods, screening techniques, and imaging technology have increased
the range of birth defects that can be diagnosed in utero, including anueploidy
(especially Down syndrome — Trisomy 21, Trisomy 18, Trisomy 13), other
chromosomal abnormalities, central nervous system defects, ventral wall defects
(including gastroschisis and omphalocele), facial clefts, limb reduction defects, and
congenital heart defects and other conditions affecting major organ systems. How-
ever, many birth defects go undetected until well after birth, with some congenital
heart defects diagnosed only in adolescence or even adulthood. Surveillance and
measurement of birth defects are complicated by the perception that existing public
health data systems (vital statistics, hospital discharge summaries, program data for
early intervention services, and children with special health care needs) are suffi-
cient to provide comprehensive population-based data. Studies of the reliability and
validity of these sources demonstrate that birth and death certificates have extreme-
ly poor sensitivity and unacceptable positive predictive value, with limited diag-
nostic specificity (97); while hospital discharge data fare somewhat better this
source misses significant numbers of cases diagnosed outside the context of inpa-
tient hospital stays (98). In most states, public health program data from programs
that provide services to children with special health care needs or for early inter-
vention are incomplete because some families do not utilize these services or
because public funding is inadequate to make these services available to all eligible
children.

Independent, focused programs for birth defects surveillance are necessary for
adequate monitoring, surveillance, and descriptive epidemiologic analysis of trends
in the prevalence of specific conditions, syndromes, and their outcomes. In the
United States, population-based programs have been established in most states
since the creation of the model surveillance program in the metropolitan Atlanta
area in the late 1960s (99). Guidelines for the implementation and operation of
birth defects surveillance programs in the United States have recently been pub-
lished (108).

Birth prevalence is the preferred measure for assessing the relative frequency of
specific birth defects (3); these measures are typically calculated after including all
confirmed cases whether diagnosed prenatally, identified at birth or reported in
infancy in the numerator, using the total number of live births as the denominator.
Case fatality rates for specific birth defects can be calculated following linkage to
infant or child death certificate data (100).
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5.4.1.3 Data Sources

Birth defects registries typically utilize multisource data acquisition strategies to
identify cases for inclusion in their databases. The preferred methodology involves
active case-finding with records reviewed and abstracted at clinical sites by trained
staff (see 92 for more detailed discussion of public health surveillance methods;
(17, 102) Some programs utilize passive case-finding, requiring health facilities
or providers to file case reports when birth defects diagnoses are made. When
conducted with diligence, these programs yield prevalence rates that are compara-
ble to those from active case-finding and appear valid for use in descriptive
epidemiology and case-control studies. Programs that accept all case reports,
while failing to interact with providers to improve reporting compliance or to
review the accuracy of reported information, have results that are less than valid
for epidemiologic research or to support public health programmatic activities.
Some databases are populated through automated record linkage methods, without
any birth defects diagnoses reported specifically to the registry; this case-ascertain-
ment methodology has been termed impassive case-finding (103).

While most birth defects are not life-threatening, birth defects are a leading
cause of infant and child mortality. Most birth defects surveillance programs link
their records to birth and infant death certificates, providing the necessary database
for analysis of both case fatality rates and the contribution of birth defects to infant
mortality. Many birth defects lead to disabilities and limitations of daily activity
(104-106); however, population-based surveillance of developmental disabilities in
the United States is quite limited.

5.4.1.4 Measurement Issues

In the United States, although birth defects surveillance programs exist in approxi-
mately 40 states (107), numerous variations in methodology create complexities for
the calculation of national estimates of the prevalence of birth defects. Some
researchers prefer to focus on the prevalence of specific birth defects, rather than
the overall prevalence, due to the heterogeneity of etiologies involved. Infants with a
specific birth defect may have an isolated condition, or several birth defects that may
be associated manifestations of a genetic disease, sequence, or syndrome. While
there are some notable examples of specific exposures associated with particular
syndromes or patterns of birth defects manifestations (e.g., fetal alcohol syndrome,
thalidomide embryopathy), most birth defects probably result from complex gene—
environment interactions, even among disorders primarily genetic in origin.

5.4.2 Descriptive Epidemiology

5.4.2.1 Temporal Trends

Because population-based birth defects surveillance is largely a late twentieth
century phenomenon, limited data on which to base analyses of long-term secular
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trends are available. Data on secular trends are regularly published by the Interna-
tional Clearinghouse for Birth Defects Surveillance and Research (108), and ana-
lyses of data from metropolitan Atlanta demonstrate declining trends for neural
tube defects (109), while gastroschisis appears to be increasing in prevalence in the
United States and elsewhere (110).

5.4.2.2 Geographic Variability

Because of differences in surveillance methods, comparisons across US states may
result in invalid inferences concerning specific defects. A recent study identified 11
states with similar methods, and calculated national prevalence estimates from
these data (111). Even within this limited group of states, the range of reported
prevalence varied by an order of magnitude or more for some birth defects,
suggesting that differences in diagnosis, documentation, or surveillance methods
may remain even after carefully selecting states with the most similar case ascer-
tainment methods.

5.4.2.3 Demographic Variability

Racial/Ethnic Variation: Overall rates of birth defects in the United States are
similar among White non-Hispanic and Black non-Hispanic infants, and lower
among infants born to Asian mothers. Hispanic infants have higher prevalence
of selected birth defects, with prevalence similar to that for White non-
Hispanics for many others, as demonstrated in two multistate collaborative
studies (112, 113).

Maternal/Paternal Age: Although some birth defects increase in prevalence with
increasing age of mother, e.g., chromosomal abnormalities, especially Down syn-
drome (114), others have higher prevalence among younger mothers, e.g., gastro-
schisis (110, 115, 116). Paternal age effects have been less well studied, but
research does suggest that older paternal age influences the risk for chromosomal
abnormalities independent of maternal age (117).

Multiple Births: Infants born of multiple gestation pregnancies have higher
prevalence of birth defects than do singleton infants (118). Multiple gestations
are frequently discordant for specific birth defects. Most population-based data
sources do not explicitly measure zygosity, chorionicity, or amnionicity of each set
of multiple births. There is a need for perinatally ascertained multiple birth registers
(119), through which these important characteristics of multiple gestations would
be documented prospectively.
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5.4.3 Factors That Influence Occurrence and the Availability
and Effectiveness of Related Public Health Interventions

5.4.3.1 Risk and Protective Factors

The epidemiologic research literature on maternal, environmental, and behavioral
risk and protective factors for birth defects is voluminous. Readers interested in risk
factors for specific birth defects will find numerous condition-specific monographs
as well as review papers in the periodical literature. Here we note only a few
observations. Increasing birth order is associated with some birth defects, including
oral clefts and spina bifida (120, 121). Maternal weight and stature appears to play
some role in birth defect causation (122). High pregravid body mass index (BMI)
(obesity) has been implicated as a risk factor for neural tube defects, possibly other
birth defects (e.g., 123, 124). Hyperthermia, whether caused by fever or thermal
exposure (hot tub use) shows an approximately twofold increased risk for neural
tube defects in a recent systematic review (125). Many other hypotheses concerning
diet, use of over-the-counter medications, electric blankets, proximity of maternal
residence to sources of environmental exposure, to name only a few, have been
examined. Interested readers should consult textbooks on specific birth defects (i.e.,
126, 127), as well as the PubMed database of health research publications.

5.4.3.2 Interventions

Primary prevention of birth defects involves preconception care for women with
chronic health conditions that may affect embryologic or fetal development as well
as avoidance of risky behaviors and reduction of exposure to known teratogens
including prescription drugs. Opportunities for preventive interventions include,
but are not limited to, folic acid, maternal PKU, avoidance of alcohol consumption,
genetic disorders associated with specific populations (i.e., Tay-Sachs), manage-
ment of maternal diabetes, epilepsy, heart disease, and autoimmune disorders (i.e.,
lupus). Women considering pregnancy should reduce exposure to known drug
teratogens (e.g., thalidomide, accutane, antiepileptic medications); this topic is
comprehensively reviewed in (128).

For secondary prevention, infants with specific birth defects should be referred
to comprehensive treatment and follow-up clinics for their condition (e.g., spina
bifida, Down syndrome, PKU, craniofacial anomalies), and linked with Birth-to-
Three, DD services, CSHCN programs, and educational interventions. Families
with previously affected pregnancies should be offered genetics counseling and
linked to preconception care services.

For primary prevention, preconceptional care, perinatal risk assessment in
subsequent pregnancies, and avoidance of medications and known teratogens during
preconception and pregnancy are recommended. For women with a previous history
of neural tube defect-affected pregnancy, 4 mg per day of folic acid supplementa-
tion periconceptionally is recommended, with follow-up and preconceptional care.
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5.5 Infant Morbidity Due to Injuries

5.5.1 Definition, Measures, and Measurement Issues

5.5.1.1 Definition

An injury is defined generally as a wound, hurt, or harm to the structure or function
of the body. Injuries are often categorized into two groups by their intentionality:
unintentional and intentional. Violence is defined by the CDC as “intentional use of
physical force or power against oneself, another person, or against a group or
community” (129). Causes differ for fatal and nonfatal infant injuries (130).

5.5.1.2 Measures

The occurrence of nonfatal injuries is measured often by medical visits for an injury
during the first year of life per 1,000 or 10,000 infants at risk. Medical visits include
visits to a doctor’s office or a hospital emergency department. Much less frequently,
occurrence is measured by surveying parents and asking them to report information
about injuries that occurred to their infants.

Why Should We Care About Nonfatal Injuries in Infants?

Nonfatal injuries are not rare and are much more common than fatal injuries
(130). Nonfatal injuries are associated with substantial costs for immediate
treatment and for rehabilitative care during childhood (131).

5.5.1.3 Data Sources

Several federal surveys provide information about the occurrence of injuries. Some
of these surveys are listed in Table 5.2.

5.5.1.4 Measurement Issues

The rate of medical visits for injuries does not permit one to know the percentage of
infants who had one or more injuries during their first year of life. This occurs
because an infant can have multiple medical visits for different injuries. Not all
injuries result in a visit for medical care.
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Table 5.2 Selected systems providing data about the national occurrence of nonfatal injuries

in infants

Type of injury

Name of system

Sponsor of system

All

Cause-specific

National Health Interview Survey

Injury Control & Risk of Injury Survey

National Ambulatory Medical Care
Survey

National Hospital Ambulatory Medical
Care Survey

National Hospital Discharge Survey

Medical Expenditure Panel Survey

National EMS Information System

National Electronic Injury Surveillance
System

National Automotive Sampling System —
General Estimates System

National Child Abuse and Neglect Data
System

National Incidence Study of Child Abuse
and Neglect

National Fire Incident Reporting System

Federal government
Federal government
Federal government
Federal government
Federal government
Federal government
Multiple sponsors

Federal government
Federal government
Federal government

Federal Government

Federal Government

National Trauma Data Bank
Toxic Exposure Surveillance System

American College of Surgeons

American Association of
Poisoning Control Centers

American Society of Ocular
Trauma

United States Eye Injury Registry

Source: CDC. http://www.cdc.gov/ncipc/osp/InventoryInjuryDataSys.htm (accessed November
10, 2007).

5.5.2 Descriptive Epidemiology

5.5.2.1 Occurrence and Trends

In 2006, infants accounted for 244,444 visits to hospital emergency departments for
nonfatal injuries. Nearly all (98%) of these visits were for unintentional injuries.
These visits occurred at a rate of 5.9 visits per 100 infants. From 2001 through 2006,
the rate of visits to hospital emergency departments for nonfatal injuries ranged
from a low of 5.8 per 100 infants (2005) to a high of 6.3 per 100 infants (2002)
(http://www.cdc.gov/ncipc/wisqars/nonfatal/datasources.htm. Accessed November
11, 2007). Table 5.3 shows the ten leading causes of nonfatal injuries among infants
in the United States in 2006. Falls were the most frequently occurring injury.

5.5.2.2 Geographic Variability

CDC’s Web-based Injury Statistics Query and Reporting System provides data on
fatal and nonfatal injuries. Mortality data, however, may shed the best light
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Table 5.3 Ten leading causes of nonfatal injuries among infants in the United States

in 2006
Cause Visits to hospital emergency
departments
Unintentional fall 124,747
Unintentional struck by/against 30,872
Unintentional other bite/sting 12,456
Unintentional foreign body 10.903
Unintentional fire/burn 10,378
Unintentional other specified 7,965
Unintentional overexertion 7,531
Unintentional motor vehicle occupant 6,885
Unintentional poisoning 6.877
Unintentional cut/pierce 6,479

Source: http://www.cdc.gov/ncipc/wisqars/nonfatal/datasources.htm (accessed No-
vember 11, 2007).

on regional differences. Examination of race-specific postneonatal mortality rates
due to injuries in the United States for 1988 and 1998 showed the highest rates in
Midwest for Black postneonates (77.8 per 100,000 in 1988; 86.6 per 100,000 in
1998) and in the South for Whites (27.8; 25.6). The lowest rates occurred in the
Northeast for Blacks (39.3; 33.3) and Whites (16.4; 11.8) (132).

5.5.2.3 International Comparisons

The World Health Organization (WHO) reported for children aged 0—4 years,
injuries were the twelfth (falls) and thirteenth (drowning) leading causes of the
global burden of disease for both sexes in 2000 (133).

5.5.2.4 Demographic Variability

For 2006, the rate of visits by infants to hospital emergency departments for
nonfatal injuries was higher overall among males compared with that among
females. This pattern was true for non-Hispanic White as well as Hispanic infants,
but not for Black infants (http://www.cdc.gov/ncipc/wisqars/nonfatal/datasources.
htm. Accessed November 11, 2007). From 2001-2006, the rate of visits to hospital
emergency departments for nonfatal injuries was consistently the highest for Black
infants. White infants had the next highest rate and Hispanic infants the lowest rate.
For example, in 2006 the rate of visits to hospital emergency departments for
nonfatal injuries was 5.5 per 100 Black infants, followed by 4.4 for non-Hispanic
White infants and 3.4 for Hispanic infants.

Studies from Canada reported an inverse relationship between the risk of
nonfatal childhood and socioeconomic status. Children from lower socioeconomic
useholds had higher rates of injuries than their peers with higher socioeconomic
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Table 5.4 Cause-specific rates of hospitalization or death per 100,000 infants, by age, California,
1996-1998 (source: (138))

Age (months)

Cause
0-2 3-5 6-8 9-11

Fall 92 80 114 101
Poisoning 35 18 23 64
Transportation 20 23 22 21
Foreign Body 33 15 45 84
Burn/fire 15 14 32 50
Assault and neglect 76 62 36 22
Submersion/drowning - 4 17 26
All injuries 337 262 333 423

status (134, 135). A similar relationship was observed for Dutch young children
(136). This pattern was not found in Sweden, however, where little variation in
injury rates by socioeconomic status was observed for children aged 0—4 years
(137).

Dutch children living in rural areas as well as those with three or more siblings
had a higher risk for injuries (136).

Data for infants in California during 1996, 1997, and 1998 showed the age- and
cause-specific rates of hospitalization or death displayed in Table 5.4 (138). Over-
all, falls account for the highest injury rate. Cause-specific rates vary by age during
injury. For example, the highest rates for abuse and neglect occur during the
infant’s first 0-5 months of life. Another report has shown that the highest risk
for homicide before age 17 years occurs during the first 4 months of life (139).

5.5.3 Factors Influencing Occurrence and the Availability
and Use of Public Health Interventions

Factors influencing occurrence: unintentional injuries. Pickett et al. observed that
“infant injuries. . .all involve unplanned contact between a physical or other force
and an unprotected child” (140). Inadequate parental supervision has been often
identified as an important contributor to unintentional injuries (141). A recent study
from Brazil identified low maternal involvement with or responsiveness as risk
factor for unintentional injuries to her infant (142).

Factors influencing occurrence: intentional injuries. Parents who themselves
experienced abuse as children have increased risk for abusing their infants (143).
Poverty, family disorganization, and parental stress have also been identified as risk
factors. One study reported that children living in households with adults who were
not biologically related to them had an increased risk for fatal injuries (144).

Public health interventions: unintentional injuries. Pickett et al. state that
“...given that it is more difficult to modify circumstances and adult behaviors,
prevention efforts should be focused on environmental modifications., [i.e.,] plac-
ing limits on infant mobility through the use of passive safety devices, and similarly
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limiting contact between physical hazards and children via other forms of environ-
mental vigilance” (140). Child safety seats are an excellent example of a safety
device. Currently, 50 states mandate use of infant safety seats. Parental education
about the proper use of seats and stricter enforcement of state laws are important
public health interventions to prevent infant morbidity and mortality due to motor
vehicle crashes (145). Parental training on the importance of providing adequate
supervision and home visiting aimed at supporting parental supervision offer the
promise of preventing injuries. Neither the efficacy nor cost-effectiveness of these
strategies has been evaluated.

Shaken Baby Syndrome

Shaken Baby Syndrome occurs when a baby is violently shaken by the baby’s
parent or caregiver (146). The abuse may cause intracranial injury, retinal
hemorrhage, or long bone fractures (146). An effective intervention provided
education to parents of newborns concerning the dangers of violent shaking
and alternative strategies for persistent infant crying (147).

Public Health Interventions: Intentional Injuries: Few prevention interventions
have been assessed adequately (148). The interventions that investigators currently
are evaluating include parenting programs and home visiting — especially for
parents with substance abuse problems, mental illness, disabilities, or histories of
intimate partner violence (145).

5.6 Conclusion

While infant mortality has been a primary focus for research and prevention
activities in the US and internationally, diseases and health conditions affecting
infants in the first year of life contribute to the population disease burden. Oppor-
tunities for primary prevention exist for some birth defects, injuries, and infectious
diseases, and preventive interventions can improve outcomes for many infants
affected by sequelae of prematurity and less than optimal growth and development.
Primary and secondary prevention of infant morbidity will require collaborative
strategies involving both primary care providers and public health agencies work-
ing together on the local level to implement best practices identified through
research and developed through state/national public policies.

Abbreviations
BPD bronchopulmonary dysplasia
CDC Centers for Disease Control and Prevention

CMV cytomegalovirus
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CRS
CSHCN
DTP
GBS
IUGR
IVH
NEC
PKU
PVL
ROP
RSV
SGA
NICU
WIC
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congenital rubella syndrome

Children with Special Health Care Needs
diphtheria-tetanus-pertussis

Group B Streptococcus

intrauterine growth restriction
intraventricular hemorrhage

necrotizing enterocolitis

phenylketonuria

periventricular leukomalacia

retinopathy of prematurity

retrosynctial virus

small-for-gestational age

neonatal intensive care unit

Special Supplemental Food Program for Women, Infants
and Children

Discussion Topics

1. Why is prevalence the preferred measure for examining the frequency of birth
defects among deliveries?

2. From a population perspective, how should high-risk infant be defined? What
data resources are needed to study high-risk infant health outcomes?

3. How might studies focusing on environmental exposures associated with infant
morbidity best be designed?

Promising Areas for Future Research

1. Development of methods for population-based assessment of infectious disease
affecting infants, both congenital and community-acquired.

2. Are infants with adverse reproductive outcomes at greater risk for injury during
the first year of life?
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Chapter 6
The Continuum of Reproductive Loss
from Pregnancy Through Infancy

The death of a child is perhaps the most emotionally devastating event a couple can
face, invariably permanently altering the course of their lives and their family’s life.
On a societal level, loss of a child is also damaging because, for both individuals
and societies, the loss of a child represents the loss of the future. In this section, we
consider pregnancy loss from the conception through the first year of life. We begin
by describing epidemiologic measures used to describe rates of loss. We then
separately consider the epidemiology of losses during early pregnancy, late preg-
nancy, and infancy. We end by presenting public health interventions aimed at
reducing pregnancy loss and infant mortality.

6.1 Definitions, Measures, Data Sources,
and Measurement Issues

Definitions. An early spontaneous abortion is the spontaneous loss of an embryo or
fetus due to natural causes before the twelfth week of pregnancy. (Weeks of
gestation are counted starting from the first day of the last normal menstrual period.)
A late spontaneous abortion is a spontaneous loss from the twelfth through
nineteenth weeks of pregnancy (2).

An early pregnancy loss is the spontaneous loss of an embryo or fetus due to
natural causes up through 41 days after the first day of the last normal menstrual
period. These early losses may occur before implantation, after implantation, or
shortly after the next expected menstrual period.

Spontaneous abortions rarely from molar pregnancies. Most of these losses
occur as expulsion from the uterus of the products of conception, also termed
miscarriages. They occur much less frequently as ectopic pregnancies.

Women who experience three or more consecutive spontaneous abortions are
considered to have recurrent or habitual spontaneous abortions (2). A threatened
abortion occurs when a woman experiences vaginal bleeding or uterine cramping in

M.M. Adams et al., Perinatal Epidemiology for Public Health Practice. 155
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WHO definition of a fetal death

“...death before the complete expulsion or extraction from its mother of a
product of conception, irrespective of the duration of pregnancy; the death is
indicated by the fact that after such separation, the fetus does not breathe or
show any other evidence of life, such as beating of the heart, pulsation of the
umbilical cord, or definite movement of voluntary muscles.” (1)

the first half of pregnancy (2). Less than two-thirds of these women subsequently
have a spontaneous abortion. An incomplete abortion occurs after the embryo or
fetus has died, but the products of conception have not been completely expelled
from the uterus.

Fetal deaths are also spontaneous pregnancy losses. In practice, public health
workers distinguish between fetal deaths and spontaneous abortions by defining
fetal deaths as losses that occur at 20 or more weeks of gestation. Late fetal deaths
are fetal deaths that occur at 28 or more weeks of gestation. Clinicians further
distinguish antepartum fetal deaths, which occur before labor, from intrapartum
fetal deaths, which occur during labor.

The legal requirements for reporting fetal deaths vary among states (Table 6.1)
(3, 4) and among countries (5, 6). The U.S. 1992 Model State Vital Statistics Act
and Regulation recommends reporting “each fetal death of 350 g or more or if
weight is unknown, of 20 completed weeks gestation or more” (7).

WHO'’s definition of a live birth

“...the complete expulsion or extraction from its mother of a product of
conception, regardless of the duration of pregnancy, which, after such sepa-
ration, breathes or shows any evidence of life, such as beating of the heart,
pulsation of the umbilical cord, or definite movement of voluntary muscles,
whether or not the umbilical cord has been cut or the placenta is attached;
each product of such a birth is considered liveborn” (8)

Babies who die during infancy must have been born alive. Thus, the definition of a
live birth influences identification of fetal and infant deaths, especially very early infant
deaths. Although many countries use the World Health Organization’s (WHO) defini-
tion of a live birth, some modify the WHO definition and others use alternate defini-
tions. Beginning in 1988, the United States added the following clarification to WHO’s
definition: “Heartbeats are to be distinguished from transient cardiac contractions;
respirations are to be distinguished from fleeting respiratory efforts or gasps.” (3).

International differences in registration practices limit comparability of fetal and
perinatal mortality rates (9). Several countries do not register fetuses that are
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Table 6.1 Legal standards for vital registration of a fetal death and number of states using them,
United States, 1997 (3)

Legal standard for vital registration of a fetal death Number of states using
this standard

All products of conception (i.e., all pregnancy losses reported, 7
regardless of length of gestation when loss occurred)

Gestation > 16 weeks 1

Gestation > 20 weeks 25

Birth weight > 350 g 1

Birth weight > 350 g or gestation > 20 weeks 12

Birth weight > 400 g or gestation > 20 weeks
Birth weight > 500 g
Birth weight > 500 g or gestation > 20 weeks

_— L) =

States and the District of Columbia

stillborn before 28 weeks’ gestation or babies who are live born, but very small or
very preterm and die shortly after birth. These countries require that live born
infants with less than a specified length of gestation or birth weight survive at least
24 h (5). Because nearly half of the fetal and infant deaths in the United States occur
among babies delivered before 28 weeks’ gestation, countries that exclude babies
with these very short gestations will have lower fetal and infant mortality rates than
those that include them.

The shifting limits of viability

Improvements in resuscitation and neonatal care during the 1990s have led to
survival of fetuses delivered after as little as 23 weeks of gestation (see the
University of Iowa’s registry of “the tiniest babies,” http://www.medicine.
uiowa.edu/tiniestbabies/index.htm). In additional to substantial risk of death,
infants born after gestations of <26 weeks face substantial risks of severe
pediatric morbidity, including cerebral palsy and lung disease (10, 11). Their
risks for adult morbidity are unknown. Although recent studies show general
agreement among European and Australian practitioners regarding lower
gestational limits for attempting resuscitation, parental decisions may influ-
ence delivery-room actions (12—14). Differences in resuscitation practices
may distort temporal and geographic comparisons of fetal and neonatal
mortality rates, especially at short gestations.

Infant deaths are deaths that occur from birth through 365 days of life. Research-
ers often categorize infant deaths by the infant’s age when they occur:

Neonatal 0-27 days of life
Early neonatal 0-7 days of life
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Table 6.2 Measures of pregnancy loss

Measure

Numerator

Denominator

Fetal death rate

Conditional fetal
death rate

Birth weight-
specific fetal
death rate

Perinatal
mortality rate

Neonatal
mortality rate

Postneonatal
mortality rate

Conditional
postneonatal
mortality rate

Infant mortality
rate

Infant death rate

Fetal deaths during a calendar
year

Fetal deaths at a specified
gestational age

Fetal deaths of a specified birth
weight during a calendar
year

Late fetal and early neonatal
(<7 days) deaths during a
calendar year

Neonatal deaths during a
calendar year

Postneonatal deaths during a
calendar year

Postneonatal deaths during a
calendar year

Infant deaths during a year

Infant deaths during a calendar
year

Total births (live births plus fetal deaths)
during the same year

Live births, fetal deaths and on-going
pregnancies at that gestation during
the same year

Live births and fetal deaths at that birth
weight during the same year

Total births (live births plus fetal deaths)
during the same year

Live births during the same year
Live births during the same year

Neonatal survivors during the same year

Live births during the same year

Estimated mid-year population aged <1
year for the same year (14)

Late neonatal
Postneonatal

8-27 days of life

28-364 days of life

Perinatal deaths include late fetal deaths and early neonatal deaths.
Measures. Table 6.2 lists the most commonly used measures for spontaneous
abortion and fetal and infant mortality.

The interpretation of a fetal or infant mortality rate depends, in part, on the
denominator used to represent the population at risk.

The fetal death rate is the proportion (or percentage) of infants who are born dead

among the population at risk of death, i.e., all infants (8). It is the risk of fetal death.
The number of infants at risk of death at a specified gestational age is the number of
infants who are delivered at that gestation (whether stillborn or liveborn) plus the
number of on-going pregnancies at that gestation. Thus, gestation-specific fetal death
rates have a denominator that is a subset of all infants. For any week of gestation, the
number of infants at risk of fetal death can be estimated by subtracting the number of
infants delivered at shorter gestations from the total number of infants. The amount
subtracted for very preterm gestations is negligible. However, ignoring the amount at
or near term overestimates the denominator, resulting in an underestimate of the true



6.1 Definitions, Measures, Data Sources, and Measurement Issues 159

mortality rate. Similar considerations apply to computing birth weight-specific
mortality rates. Here, the denominator includes not only infants delivered at
specified birth weights, but also fetuses in utero with those birth weights.

The conditional postneonatal mortality rate differs from the commonly used
postneonatal mortality rate because the conditional rate includes only infants who
are at risk of postneonatal death, i.e., neonatal survivors. The conditional postneo-
natal mortality rate answers the question, “Among babies who have survived 27
days after birth, how many will die before reaching their first birthday?” Because
the denominator for the postneonatal mortality rate includes infants who died as
neonates, it overestimates the dominator, falsely decreasing the rate. For term
infants or areas with low neonatal mortality rates, the amount of this error is
negligible, because neonatal deaths are relatively rare. In areas with high neonatal
mortality, or for very preterm (<32 weeks) or very low birth weight (<1,500 g)
infants, the error can be substantial. Ignoring it can lead to incorrectly computing
trends in postneonatal death and incorrect comparisons between jurisdictions.

Three approaches are commonly used to compute infant mortality. The first and
simplest divides the number of infant deaths during a calendar year by the number
of live births in that year. This is called period mortality, because all deaths occur
during a specified period of time. A drawback of period mortality is that its
denominator does not include decedents who were born during the preceding
year. The second approach, the infant death rate, addresses this shortcoming by
using an estimate of the mid-year number of infants during the year when the deaths
occurred. A final approach, termed cohort mortality, begins with a cohort of infants
born alive during a calendar year and then finds the deaths among these infants,
whether they occurred during that calendar year or in the following year.

Data sources. In the United States, analysts use certificates for fetal deaths, live
births, and infant deaths to compute fetal, perinatal, and infant mortality rates.
In consultation with state vital registrars and other stakeholders, the National Center
for Health Statistics (NCHS) periodically recommends standard formats for these
certificates. Individual states may adopt some or all of these recommendations.
Thus, the content of vital certificates varies somewhat among states. Most states
implemented certificate revisions in 1989. The newest revision of the birth certifi-
cate is being phased in by states beginning in 2003. Appendix 1 presents model
certificates. Fetal death certificates combine elements of birth and death certificates.

To supplement information on death certificates, states link certificates for infant
deaths with their respective birth certificates. In 1960, the NCHS used state data to
compile the first national dataset of linked infant death and birth certificates (16).
Analysts next compiled a national linked file in 1980. From 1983 onward, the
NCHS annually compiled linked files. Until 1995, these files included deaths that
occurred among infants born in a calendar year (cohort files). Beginning in 1995,
the files included deaths that occurred during a calendar year and their matching
birth certificates (period files).

Analysts have applied linkage methods similar to those used to match birth and death
certificates to identify siblings delivered to the same woman, including live or still born
sets of twins, triplets, or quadruplets (17, 18). States have linked vital records data to
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Medicaid data and hospital discharge data (19-21). The state of Washington has
created one of the most extensive perinatal databases by linking each birth certifi-
cate to corresponding newborn hospital discharge data, the birth certificates of
siblings who were born in Washington and, if death occurred, the death certificate.

Globally, developed countries use systems of registration of fetal and infant
deaths that are similar to the United States. Analysts have used these vital record
data to create linked databases similar to those in the United States (17). Registra-
tion systems also exist in developing countries, but they may be very incomplete,
especially for fetal deaths and early neonatal deaths (22). Faced with incomplete
vital registration, investigators have used survey techniques — similar to those used
for identifying maternal deaths — to obtain a more complete count of fetal and infant
deaths (23). Difficulties in adequacy of data severely limit success in linking birth
and death certificates in developing countries (23).

WHO definition of the underlying cause of death

“The disease or injury, which initiated the train of morbid events leading
directly to death, or the circumstances of the accident or violence which
produced fatal injury” (24).

In the United States, the certifier of death provides information about the underly-
ing cause of death, up to three contributing causes, whether an autopsy was per-
formed, and whether the results were available when the death certificate was
completed. In 1968, the NCHS began using the Automated Classification of Medical
Entities (ACME) method to evaluate the sequence of causes of death and assign an
underlying cause of death. Since 1990, nosologists have used the Mortality Medical
Indexing, Classification, and Retrieval (MICAR) system to further refine death
certificate entries before submitting them to ACME (16, 25). These automated
approaches promote consistency in coding among certifiers of death and nosologists.

To promote international consistency in coding, the WHO develops coding
guidelines, which the United States uses. From 1979 through 1998, U.S. nosologists
applied International Classification of Diseases, Version 9 (ICD-9) codes; in 1999,
they switched to ICD-10 codes (the tenth revision). Countries vary in the date when
they implemented ICD-10 codes. Changes in the ICD code complicate interpreta-
tion of mortality trends and differences among countries (16, 25, 26).

Clinicians and public health analysts have proposed multiple approaches for
classifying fetal, perinatal, and infant deaths. The simplest approaches classify
deaths by the age of the fetus or infant when they occur or by their frequency, an
approach used by the NCHS (27). Many classification schemes aim to promote the
use of death data in setting programmatic priorities and evaluating general trends
(Table 6.3) (25, 28-33). Thus, the type of intervention needed for prevention rather
than their underlying etiology often categorizes deaths. Schemes for categorizing
deaths are likely to evolve with experience in their use and the increasing availabil-
ity of prevention strategies (34).
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Table 6.3 Selected schemes for classifying fetal, neonatal, and infant deaths

Wigglesworth (28)
Lethal malformation
Death before onset of labor
Asphyxial condition developing in labor
Condition associated with immaturity
Specific condition
Unclassifiable
International Collaborative Effort (ICE) (29)
Congenital anomalies
Asphyxia-related conditions
Immaturity-related conditions
Infections
Sudden death
Deaths due to external causes
Other specific conditions
Other and unclassifiable diagnoses
Neonatal and Intrauterine Death Classification (NICE) (25, 30)
Congenital anomalies
Multiple births
Maternal disease
Specific fetal conditions
Unexplained small-for-dates
Placental abruption
Obstetric complications
Unexplained antepartum stillbirth <37 weeks
Unexplained antepartum stillbirth >37 weeks
Specific infant conditions
Unexplained asphyxia
Unexplained immaturity
Unclassifiable cases
Leading causes of infant death, United States (27)
Congenital anomalies
Disorders related to short gestation and low birth weight, not elsewhere classified
Sudden infant death syndrome
Newborn affected by maternal complications of pregnancy
Accidents (unintentional injuries)
Newborn affected by complications of the placenta, cord, and membranes
Respiratory distress of newborn
Bacterial sepsis of newborn
Neonatal hemorrhage
Diseases of the circulatory system

Measurement issues fall into five broad areas:

¢ Incompletely ascertaining deaths;
e Incorrectly or inconsistently classifying deaths as antepartum, intrapartum, or
postpartum;
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e Incorrectly assigning the cause or causes of death;

¢ Changes in schemes used to code the cause of death; and

¢ Comparing population groups whose mortality data have different percentages
of missing information for gestation, birth weight, or other attributes.

Completeness of ascertainment is most problematic for early fetal deaths and
neonatal deaths among very small babies (35, 36). A study of registration of fetal
deaths weighing <500 g in Canada from 1985 through 1995 showed that the rate of
these deaths increased over time and varied geographically, reflecting provincial
differences in registration requirements (37). Several investigators using U.S. data
from the 1980s have noted underascertainment of fetal deaths (38—40). A more
recent study examined the completeness of registration of deaths (i.e., presence or
absence of a death certificate when death occurred) among infants with birth
weights <750 g who were born in Ohio during the first half of 2006. Seven percent
of the deaths among these infants were not registered (41).

A study from a managed care organization in California of neonatal deaths
among infants delivered in 1990 and 1991 showed that the computed neonatal
mortality rate varied by whether rates included infants born alive but weighing
<500 g. Nearly all of these very small infants died. The neonatal mortality rate also
varied by whether the neonatal period was computed based on deaths during 27
days after delivery or deaths that occurred within 40 weeks corrected age (i.e., 40
weeks after the last normal menstrual period) plus 27 days (42). Including deaths
that occur within 27 days after the corrected age of 40 weeks makes sense biologi-
cally, because it puts all infants on a comparable developmental stage. However, it
has the disadvantage of being difficult to use when gestational age is uncertain.
It also has the disadvantage of allowing different lengths of time after birth for
“neonatal” death to occur among infants with short gestations compared with
infants born at term.

Underregistration of intentional neonatal deaths

A study of newborns who were killed or left to die from 1985 through 2000 in
North Carolina estimated an annual rate of 2.1 deaths per 100,000 live births
(43). The lifetime risk of homicide is highest on the first day of life (44) and
among newborns killed within 24 h after birth, 95% are not delivered in a
hospital (45). Because these babies are deliberately kept outside the medical
care system, their births as well as their deaths may not be registered.

To avoid questions about whether an early pregnancy loss meets the criteria for
registration as a fetal death, some states require registration of all spontaneous
pregnancy losses. This insures that, aside from induced abortions, every pregnancy
is counted, either as fetal death or a live birth. In these states, the completeness of
ascertainment of first trimester losses has not been described. However,
most analysts judge that ascertainment of spontaneous pregnancy losses from the
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mid-second trimester onward is relatively complete. In states or countries that
require registration of only a subset of fetal deaths or live births, registration is
often complete only for fetuses that clearly exceed the registration requirements.
This is especially true for requirements involving gestational length, which
is notoriously difficult to measure accurately (46—48). For example, in states with
20 weeks as the minimum age for registering fetal deaths, many analysts consider
registration complete only at gestations of 24 weeks and longer (40).

In many developing countries, incompleteness of civil registration of infant
death is a substantial problem. For example, using data from a study of children
who died from 1996 through 1998 in part of Kenya, researchers observed that civil
registration identified less than half of the neonatal deaths and approximately two-
thirds of postneonatal deaths (49).

For infants at the threshold of viability, the decision regarding resuscitation
influences whether the fetus is considered a fetal death, a surviving neonate, or a
very early neonatal death. Legislation passed by the U.S. Congress in 2002 (Born-
Alive Infants’ Protection Act) requires that medical care be given to all infants who
are born alive (50). As survival of infants born after 21 or 22 weeks of gestation
improves, clinicians are likely to register more of these babies as live births rather
than fetal deaths. Analyses of international differences in the distribution of fetal
deaths and live births among babies with birth weights <750 g suggest that both the
completeness of ascertainment of these very small babies and local practices in
distinguishing fetal deaths and live births contribute to international differences in
infant mortality rates (9). Researchers examining factors associated with death in
the first 12 h of life among babies weighing 500—1,000 g observed that decedents
were much less likely than survivors to be intubated or receive potentially life-
saving surfactant therapy, suggesting a decision by caregivers and parents to let
these infants die (51).

Incompleteness of registration of fetal and infant deaths in developing
countries is often substantial.

Analyzing perinatal mortality, rather than fetal and neonatal mortality, may be
the best approach for comparing data from areas with different practices for
registration of fetal deaths and live births. This approach also may be justified in
developing countries where skilled attendants do not assist most deliveries. It is
less useful in developed countries, however, where skilled attendants who can
distinguish antepartum, intrapartum, and early neonatal deaths assist nearly all
deliveries and registration practices are comparable (8). Age-specific mortality
rates, available only when analysts compute antepartum, intrapartum, and early
neonatal rates separately, provide insights to opportunities for prevention. For
example, an excess of intrapartum deaths suggest the need for improved delivery
services.
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A third measurement problem relates to correctly identifying the cause of death.
Such identification is especially difficult for antepartum fetal deaths, when macera-
tion of the fetus may limit a pathologist’s ability to diagnose abnormalities.
Regional differences in autopsy rates and an overall decrease in the autopsy rate
affect comparisons of cause-specific mortality rates (52-54). For fetal and neonatal
deaths, autopsies are useful in diagnosing congenital malformations of internal
organs, particularly malformations that are not apparent from external examination.
Clinicians need autopsy results to distinguish between postneonatal deaths from
SIDS (Sudden Infant Death Syndrome) and those from intentional or unintentional
suffocation. Even when a cause is correctly identified, however, experts may differ
on how to correctly categorize the cause of death (34, 55).

A classification quandary: Are congenital anomalies or prematurity and
related causes responsible for most infant deaths?

NCHS?’ classification attributed 21.5% of infant deaths in 1996 to congenital
anomalies and 13.7% to short gestation. Using an alternate classification
scheme for infant deaths, Sowards attributed 30.9% of deaths in 1996 to
prematurity and related causes and 22.4% to congenital anomalies (55).

Such differences can have important consequences in allocation of funds
for research and prevention.

A fourth problem is changes over time in the codes used to assign the cause of
death. These coding changes can result in apparent changes in cause-specific
mortality rates, distorting mortality trends. For example, in the United States in
1999, ICD-10 replaced ICD-9 as the method for coding the cause of death. As a
consequence, a smaller portion of deaths were assigned to birth defects than would
have occurred if ICD-9 were used (26).

Infants for whom birth weight information is incomplete almost always have
higher mortality rates than those for whom information is complete.

A fifth problem relates to the availability of complete information on attributes
of the decedent, such as birth weight, gestational age, and race. Information on
these attributes is not randomly missing. Infants for whom birth weight information
is incomplete almost always have higher mortality rates than those for whom
information is complete, consistent with the likelihood that these infants are
low birth weight, preterm, or both. If so, the mortality rates for infants <2,500 g
or <37 weeks gestation will be biased downward in areas with large proportions of
births with missing data on birth weight or gestational age compared with areas
with more complete data (56).
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6.2 Descriptive Epidemiology: Overall Mortality

The risk of pregnancy loss is highest at the very start of pregnancy.

Occurrence of death. The risk of pregnancy loss is highest at the very start of
pregnancy. Differences in the biological criteria for identifying pregnancies, the
attributes of the women under study, and the definition of an early pregnancy loss
complicate interpretation of reports of early pregnancy loss and spontaneous
abortion. The rate of pregnancy loss between fertilization and implantation proba-
bly ranges from 30% to 50% (57) (pp. 44-54). After implantation, approximately
22% of pregnancies are lost before the date of next expected menstrual period (58).
In the absence of biochemical testing, nearly all losses occurring within the first 6
weeks past the last menstrual period are indistinguishable from menstrual bleeding
to women who experience them (58). Of clinically recognized pregnancies (i.e.,
pregnancies enduring beyond the date of the next expected menstrual period), up to
20-30% may spontaneously abort before 20 weeks’ gestation (Table 6.4) (63-65).

In the United States in 1997, fetal deaths accounted for nearly half of the
deaths occurring from 20 weeks of gestation through the first year of life.

From 20 weeks of gestation onward, the incidence of fetal death in the United
States in 1998 was 6.7 per 1,000 fetal and live births, with nearly equal incidences
of death from 20 through 27 completed weeks of gestation and >28 completed
weeks (4). In the United States in 1997, 12,292 fetal deaths occurred at 20-27
weeks of gestation, 13,039 fetal deaths at 28 weeks or later, and 27,362 infant
deaths occurred. Thus, fetal deaths accounted for nearly half of the deaths occurring
from 20 weeks of gestation through the first year of life. This substantial contribu-
tion highlights the importance of fetal deaths in the spectrum of reproductive loss.
Consistent with racial differences in the gestational age distribution of live births,
somewhat more fetal deaths occur at term among Whites (in the United States,
1995-1999: 44%) than among Blacks (30%).

Although fetal death may occur during labor and delivery, currently in developed
countries, most fetal deaths occur before labor (66). Several investigators have
reported that, near term (i.e., 40 weeks of gestation), the conditional risk for fetal
death increases as gestation advances (67-69). For example, in Scotland from 1985 to
1996, the conditional risk of antepartum fetal death among singletons increased from
0.4 per 1,000 at 37 and 38 weeks to 1.9 per 1,000 at 42 weeks and 6.3 per 1,000 at 43
weeks. This pattern may not apply to intrapartum death. The conditional risk of
intrapartum fetal death observed in Scotland was low overall, ranging from 0.7 per
1,000 at 37 weeks to 0.4 per 1,000 at 42 weeks (70). These risks exclude deaths from
congenital anomalies and deaths among multiple gestations. A pattern of increasing
risk for fetal death with advancing gestation has been reported for twin gestations (71).
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Table 6.4 Selected reports of rates of early pregnancy loss and spontaneous abortion

Study population Criteria for detecting Number of  Percent of pregnancies
pregnancy pregnancies  ending in fetal loss
detected
North Carolina, n = 211 HCG > 0.025 ng/mL x 3 189 Loss <6 weeks after
women (57, 58) days LMP: 25%
Total rate of loss: 31%
5 sites within the U.S., HCG increase; 432 Loss <20 weeks:
1980-1985, n = 432 measurement of HCG 15.4%
nondiabetic, pregnant began 2 days after
women (59) expected menstrual
period
Upstate New York, HCG > 4.0 pmol/L x 3 115 Loss from 10 days
1989-1992, n = 217 days, HCG > 5.33 before through 5
women (60) pmol/L x 2 days, or days after expected
HCG > 6.67 pmol/L x menses: 19.5%
1 day
1 site within the U.S., HCG > 0.15 ng/mL x 3 116 Loss of occult
n =200 women days pregnancies
attending an OBGYN (not clinically
center (61) recognized): 13%

Loss from pregnancy
detection through
delivery: 31.3%

7 sites within the U.S., HCG > 0.15 ng/mL x 2 or 52 Loss of clinically
n =403 women 3 days unrecognized
semiconductor pregnancies
workers aged 18—44 detected only by
years (62) elevated HCG:
40.4%

Loss <20 weeks of
clinically
recognized
pregnancies: 28.6%

Loss <20 weeks for all
pregnancies: 51.9%

Semiconductor HCG > 0.25 ng/mL x 66 Loss from 7 days
employees, U.S., 2 days before through 5
1989-1991; n =74 days after expected
women without menses: 21%
fertility problems (63) Miscarriage” among

clinically

recognized

pregnancies: 21.1%
Anhui, China, HCG analysis with no 618 Loss <42 days after

1996-1998, n = 526
nulliparous
nonsmoking
women (64)

mention of cut-off
values

LMP: 24.6%
Loss <20 weeks:
32.5%

HCG human chorionic gonadotropin; LMP last menstrual period
“Length of pregnancy when miscarriage occurred not described by authors
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Table 6.5 Percentage of deliveries resulting in fetal death, by gestation and plurality,
United States, 1995-2002

Weeks of gestation Plurality

Singleton Multiple
20-27 22.7 11.6
28-36 1.1 0.5
>37 0.1 0.1

The increasing conditional risk of antepartum fetal death associated with ad-
vancing gestational age raises the possibility of averting these deaths by identifying
fetuses at risk of death and delivering them. Delivery of fetuses perceived to be at
increased risk of death has been practiced widely in the United States. Criteria for
diagnosing increased risk are not uniform. None of the systematic reviews in the
Cochrane Database of approaches for monitoring fetal well being (e.g., biophysical
profiles) have concluded that the potential benefits of early delivery (increased
survival) outweigh the potential risks (increased neonatal death and increased
maternal and infant morbidity and long-term disability secondary to prematurity).

Fetal death data for the United States from 1995 through 2002 show that the
gestation-specific proportion of deliveries resulting in fetal death decreases as
gestation advances. Among preterm deliveries, gestation-specific fetal death rates
are lower for fetuses in multiple gestations than those in single gestations (Table 6.5).

The risk of infant death is greatest immediately after transition to extrauterine
life.

The risk of infant death is greatest immediately after transition to extrauterine
life at delivery and decreases sharply during the first week of life, after which the
rate of decrease in the risk slows (Fig. 6.1). For example, among White infants born
from 1995 through 1999 in the United States, the risk of death in the first hour after
delivery was 81.5 per 100,000 infants. However, the average mortality risk in the
following 23 h dropped to 6.0 deaths/h. The rate of decrease in the risk of infant
death slows again at about 6 months of age. Thus nodes of elevated risk occur
shortly after conception and just before and after delivery.

Cause of death. The proximate causes of early pregnancy loss, spontaneous
abortion, and fetal death change as pregnancy advances. Chromosomal anomalies,
many of which are incompatible with life, cause the majority of early pregnancy
losses and spontaneous abortions during the first trimester. The proportion of losses
that are karotypically abnormal peaks at about 60% at 12 weeks’ gestation (57,
p 110). The striking similarity during the first trimester in the frequency of karyo-
typically abnormal losses among different populations and during different eras
(57) suggests that these events must be related to underlying biological aberrations
in human reproduction.
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Fig. 6.1 Infant risk of death by age and maternal race, United States, 1995-1999. For deaths at
1-6 days, infant mortality risk equals the number of daily deaths divided by the number of
infants surviving the preceding day. To smooth the risks and facilitate visual interpretation, we
computed the infant mortality risk at 7-27 days as the 3-day moving average and the risk at
28-362 days as the 5-day moving average

Interpreting data plotted on a logarithmic (log) scale

Log scales are useful for depicting the pace of change in a risk or rate. They
show changes in proportion, so that the distance between successive points is
equal in proportion (instead of equal in absolute value). For example, on a log
scale, the distances between 10, 100, and 1,000 are equal. This is because 100
is 10 times 10 and 1,000 is 10 times 100. When plotted on a log scale, the
slope of the line corresponds to the rapidity of change, with nearly horizontal
slopes indicating a slow pace of change and nearly vertical slopes indicating a
very rapid pace of change.

Although spontaneous abortion of karoytypically abnormal fetuses continues
into the second trimester, as gestation advances these abnormal fetuses account for
a decreasing proportion of all spontaneous abortions and fetal deaths. After the first
trimester, the portion of spontaneous abortions and fetal deaths that are karyotypi-
cally abnormal varies substantially among populations (57).

Aside from karotypic abnormalities, spontaneous abortions and fetal deaths are
related to fetal factors (e.g., congenital anomalies, plurality, etc), maternal factors,
and environmental exposures. The distribution of causes of antepartum death
varies by length of gestation. The proportion of deaths attributed to any single
cause is population-specific, reflecting the presence or absence of other competing
causes of death in the population. A study of fetal deaths occurring in 1998 and
1999 in Stockholm, Sweden, reported that the cause was undetermined for 9% of
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deaths (72), whereas a study of deaths occurring from 1978 through 1996 in
Quebec, Canada, found that the cause could not be determined for 25% of ante-
partum fetal deaths (67). A study of late fetal deaths (>28 weeks gestation) from
1982 through 2000 reported that the cause was unknown for about half of all
antepartum deaths (73).

The etiologies of infant death also change as the infant ages. In developed
countries, the following causes account for most neonatal deaths: immaturity,
restricted fetal growth, respiratory distress of the newborn, maternal complications
during pregnancy, complications of the placenta, cord, or membranes, and congen-
ital malformations incompatible with life. Thus, the chain of events culminating in
neonatal death often originates during pregnancy. In the postneonatal period,
congenital malformations, SIDS, infections, and injuries account for the majority
of deaths.

A different profile of etiologies for mortality predominates in developing
countries, where common causes of intrapartum and neonatal death are intrapartum
hypoxia and birth asphyxia and bacterial sepsis of the newborn. These causes are
related to the availability of skilled birth attendants, a problem that can be addressed
by improving access to health care. Infections cause many deaths throughout
infancy. Some of these deaths result from diarrhea and dehydration, which reflect
lack of access to clean water and food as well as the absence of adequate rehydration.
Other deaths result from respiratory and parasitic infections (e.g., malaria), many of
which can be prevented by immunization or effectively treated with medication.

Clearly, early pregnancy losses, spontaneous abortions, fetal deaths, and infant
deaths share common etiologies and, to some degree, common patterns of occur-
rence. These commonalities will be noted in the following three sections, which
separately address early pregnancy loss and spontaneous abortion, fetal death, and
infant death. Each section begins by presenting the descriptive epidemiology and
then considers factors that influence occurrence. The sections on fetal and infant
death then address in greater detail the most common causes of death.

6.3 Early Pregnancy Loss and Spontaneous Abortion

Lifetime numbers of pregnancy losses. The number of pregnancy losses an individ-
ual woman is likely to experience reflects her fertility: Women who have more
pregnancies have more opportunities to experience pregnancy losses. Recent data
from the National Survey of Family Growth (NSFG) suggest that, in the United
States in 1999, in their lifetimes, women experienced an average of 0.5 fetal losses,
most of which were probably early spontaneous abortions (74). Because this
number does not include loss of clinically unrecognized pregnancies (i.e., losses
before or at the time of expected menses), which occur more frequently than
recognized losses, the average number of total pregnancy losses per woman is
doubtless higher, perhaps nearly 1.0.
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Trends. NSFG data show that, overall, the lifetime likelihood of a fetal loss
increased slightly for Hispanics (from 0.5 per woman in 1990 to 0.7 in 1999) and
non-Hispanic Whites (from 0.4 in 1990 to 0.5 in 1999), but decreased for non-
Hispanic Blacks (from 0.7 in 1990 to 0.6 in 1990) (74). In view of the widespread
increasing availability of over-the-counter early pregnancy tests in 1990s, the
apparent increases may be an artifact of improved detection of pregnancies at
early gestations, when the risk of loss is high.

Demographic variability. Among chromosomally normal pregnancies, male
embryos have an approximately 30% higher risk of loss than do females (75). Of
all maternal demographic factors, age stands out as having the strongest association
with the risk of early pregnancy loss. Furthermore, the association with age is
consistent across groups defined by other demographic factors such as race, martial
status, and education. Apparent differences in rates of single pregnancy loss among
demographic groups defined by these factors are minimal after taking differences in
maternal age distributions into account. In contrast, recurrent pregnancy loss has
been reported as higher among African-American women as well as those with low
socioeconomic status (SES) and education (76).

The association between risk for early pregnancy loss and maternal age is
“j-shaped”: risks increase somewhat under ages 20 years for women with high
gravidity, are lowest at ages 20-24 years, and accelerate rapidly after age 35
years (77, 78). Women who conceive with donor eggs have similar rates of
pregnancy loss from age 25 years through their late 40s, after which rates of
pregnancy loss increase (79). This observation suggests that much of the
increased loss in older women with naturally conceived pregnancies stems
from maternal factors. In fact, compared with women in their early 20s, the
risk of chromosomally abnormal spontaneous losses increases slightly at maternal
ages less than 20 years and increases sharply at ages 35 years and older (57).

Factors influencing occurrence. In general, threats to the conceptus stem from
(1) maternal and paternal factors that operate before conception and may manifest
as chromosomal or genetic problems or (2) factors that operate during pregnancy
through the mother, such as maternal illness or environmental exposures

Considerations in studying the causes of spontaneous pregnancy loss

Analysis of demographic and other factors associated with spontaneous
pregnancy loss is often limited by:

¢ Bias in the portion of losses that come to medical attention;

e Lack of information about the presence or absence of chromosomal,
genetic, or structural anomalies in the conceptus;

e Variability in gestational ages included in studies.

Many very early losses may not be recognized as such. The mother may
instead regard the loss as an irregular menstrual cycle. Losses to women who
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recognize their pregnancy, but do not seek prenatal care before loss occurs,
may never come to medical attention. Such women are more likely to
experience barriers to accessing care or unintended pregnancies and thus
differ from women who obtain care.

Analysts often do not separate women with karyotypically normal fetuses
from those with karyotypically abnormal fetuses. A large portion of early
pregnancy losses may be attributable to fetal karyotype abnormalities (80).
One study reported that, among spontaneous abortions at <13 weeks, 57% of
those in women <35-years old and 82% of those in women >35 years were
karyotypically abnormal (81).

Because the contribution of chromosomal abnormalities to spontaneous
pregnancy loss diminishes as pregnancy advances, including losses at a wide
range of gestations, it increases the probable etiologic heterogeneity of the
group. This increased heterogeneity diminishes a researcher’s ability to detect
risk factors.

(Table 6.6). Chromosomal anomalies in the conceptus are common among sponta-
neous losses: As many as 69% of first trimester spontaneous losses of clinically
recognized pregnancies are chromosomally aberrant (57, 81) (p. 84). Difficulties in
obtaining tissue from the conceptus and the cost of karyotyping limit the availabili-
ty of information on the karyotype of the conceptus. Without knowing the presence
or absence of abnormalities in the conceptus, a researcher cannot distinguish
pre-and postconception factors. Thus, studies of environmental factors possibly
associated with pregnancy loss often have relatively modest relative risks (e.g., 1.5—
3.0), because of their inclusion of losses with lethal abnormalities, which would
likely have occurred regardless of exposure to the factor under study.

Preconception factors may be maternal or paternal, although distinguishing
between the two is usually difficult. An interesting exception is chromosomal trisomies
(e.g.,trisomy 21, Down’s syndrome), where the source of the extra chromosome can be
identified as maternal or paternal. Factors operating during pregnancy most frequently
are maternal, but paternal exposures may be transmitted through the mother to the
conceptus. For example, a conceptus can be exposed to paternal metabolites of
cigarette smoke or pesticides through maternal exposure to semen.

6.4 Fetal Death

Temporal trends. In the United States, national vital records data show that the
overall rate of fetal death declined modestly from 1990 through 1998 (Fig. 6.2).
Nearly all this decline occurred among deaths occurring at >28 weeks of gestation
(4). Temporal trends for fetal deaths occurring at 20-27 weeks must be interpreted



Table 6.6 Factors influencing early pregnancy loss

Factor Comments Selected
references
Maternal conditions
Absence of nausea Absence of nausea is associated with increased risk (314)
Antiphospholipid This syndrome is associated with recurrent spontaneous abortion (315)
Syndrome
Diabetes (Type 1) Diabetes appears to increase risk for spontaneous loss (316, 317), but the risk may be minimized with
adequate control of diabetes (60)
Fever Fever in the month preceding the loss was associated with a sixfold increase in risk for spontaneous loss of a (318, 319)
euploid fetus (318). However, no association was observed in another study (319)
Infection Measles is associated with increased risk for spontaneous abortion (320)
Infertility and Risk depends on cause of infertility (64)
subfertility
Interpregnancy Interval ~ Short and long intervals are associated with increased risk (321)
Macrophage inhibitory Low levels at 6-13 weeks’ gestation are associated with increased risk. MIC1 may be related to maternal (322)
cytokine 1 immunomodulatory response to fetus
Menotropin-induced Use of this assisted reproductive technology increases the risk for early pregnancy loss (323)
pregnancies
Nutrition Low level of plasma folate increases risk (324)
Pregnancy history Women with history of spontaneous loss have increased risk for another loss (325, 326)
Pregnancy order Among women without history of spontaneous abortion, nulliparous women had slightly lower risk at first ~ (326)
pregnancy than did parous women (326). Discerning the risk associated with gravidity is complicated by
selective fertility (327, 328)
Thombophilias (329)
Uterine abnormalities (330)
Vascular problems Spontaneous abortion is associated with 1.5-fold increase in risk for a subsequent maternal cerebrovascular  (328)
event
Maternal behaviors
Alcohol Prospective study showed that drinking >3 drinks per week during the 1st trimester was associated with (332-335)

a 3.9-fold increased risk for spontaneous abortion in the 1st 10 weeks of pregnancy (330)
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Caffeine

Cigarette smoking

Some, but not all (336) studies have demonstrated increased risk associated with caffeine consumption. For
example, consuming