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Have We Reached a Plateau?
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SYNOPSIS

Objectives. Infant mortality is a major indicator of the health of a nation. We
analyzed recent patterns and trends in U.S. infant mortality, with an emphasis
on two of the greatest challenges: (1) persistent racial and ethnic disparities
and (2) the impact of preterm and low birthweight delivery.

Methods. Data from the national linked birth/infant death datasets were used
to compute infant mortality rates per 100,000 live births by cause of death
(COD), and per 1,000 live births for all other variables. Infant mortality rates
and other measures of infant health were analyzed and compared. Leading and
preterm-related CODs, and international comparisons of infant mortality rates
were also examined.

Results. Despite the rapid decline in infant mortality during the 20th century,
the U.S. infant mortality rate did not decline from 2000 to 2005, and declined
only marginally in 2006. Racial and ethnic disparities in infant mortality have
persisted and increased, as have the percentages of preterm and low birth-
weight deliveries. After decades of improvement, the infant mortality rate for
very low birthweight infants remained unchanged from 2000 to 2005. Infant
mortality rates from congenital malformations and sudden infant death syn-
drome declined; however, rates for preterm-related CODs increased. The U.S.
international ranking in infant mortality fell from 12th place in 1960 to 30th
place in 2005.

Conclusions. Infant mortality is a complex and multifactorial problem that has
proved resistant to intervention efforts. Continued increases in preterm and low
birthweight delivery present major challenges to further improvement in the
infant mortality rate.
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Infant mortality is an important indicator of the health
of a nation, as it is associated with a variety of factors
such as maternal health, quality and access to medical
care, socioeconomic conditions, and public health prac-
tices. The U.S. infant mortality rate generally declined
throughout the 20th century.'”* However, more recent
data suggest at least a temporary halt in this decline in
the first few years of the 21st century.*® The percentage
of infants born preterm and at low birthweight contin-
ues to increase,® and because infants born too small or
too soon have higher mortality rates, this continued
increase has a great impact on infant mortality.*® Also,
large differences in infant mortality rates among racial /
ethnic groups have persisted and even increased, sug-
gesting that not all groups have benefited equally from
social and medical advances.”’

This article analyzes patterns and trends in U.S.
infant mortality, emphasizing two of the greatest chal-
lenges to infant mortality prevention in the United
States: (I) persistent and increasing differences by
race/ethnicity and (2) the impact of preterm and low
birthweight deliveries. Leading causes of infant mortal-
ity are also discussed, as are international comparisons
of infant mortality rates.

METHODS

Data discussed in this article are based primarily on
the linked birth/infant death datasets produced by the
Centers for Disease Control and Prevention’s National
Center for Health Statistics (NCHS).>® In these datasets,
information from the birth certificate is linked to infor-
mation from the death certificate for each infant who
dies in the United States. The purpose of the linkage
is to use the many additional variables available from
the birth certificate for infant mortality analysis.

We computed infant (<1 year of age) mortality rates
per 100,000 live births for cause of death, and per 1,000
live births for all other variables. Although all variables
were reported by all states, there was a change in the
wording and formatting of the maternal smoking, pre-
natal care, and maternal education items between the
1989 and 2003 revisions of the U.S. Standard Certificate
of Birth. Due to the staggered implementation of the
2003 revision among U.S. states, we included only data
based on the 1989 revision (in use in 37 states, the Dis-
trict of Columbia, and New York City in 2005).>® More
detailed information on the measurement of individual
variables is available elsewhere.>*® We excluded missing
data before computing percentages.

Cause-of-death (COD) data were classified accord-
ing to the Tenth Revision of the International Sta-
tistical Classification of Diseases and Related Health

Problems.” Leading CODs were ranked using the
conventions outlined by NCHS and described in detail
elsewhere.’

To more readily track the impact of preterm-related
CODs, we created a grouping of preterm-related
causes by identifying those that were a direct cause or
consequence of preterm birth. COD categories were
considered to be preterm-related when 75% or more
of total infant deaths attributed to that cause were
deaths of infants born preterm, and the cause was a
direct consequence of preterm birth based on a clinical
evaluation and review of the literature.'*!

RESULTS

Trends

The U.S. infant mortality rate declined by 93% dur-
ing the 20th century, from approximately 100 infant
deaths per 1,000 live births in 1900' to 6.89 in 2000.°
After some small ups and downs from 2001 to 2004,
including an increase in 2002,* the U.S. infant mortality
rate was 6.86 in 2005, not significantly different from
the rate of 6.89 in 2000 (Figure 1). Preliminary data
from 2006 suggest a 2% decline in the infant mortality
rate from 2005 to 2006, driven in part by a decline for
infants of Hispanic mothers. Mortality rates for infants
of non-Hispanic white and non-Hispanic black moth-
ers did not decline significantly from 2005 to 2006."
Whether or not this decline continues into future years,
the 2000-2005 plateau in the U.S. infant mortality rate
represents the first period of sustained lack of decline
in the U.S. infant mortality rate since the 1950s.*!
Despite the large declines during the 20th century,
the impact of infant mortality is still considerable. In
2005, there were 28,384 deaths to children younger
than 1 year of age in the U.S.°

Racial and ethnic differences in infant mortality
There continue to be large variations in infant mor-
tality rates among racial/ethnic groups (Figure 2).
Non-Hispanic black mothers had the highest infant
mortality rate (13.63), followed by Puerto Rican (8.30)
and American Indian (8.06) mothers. Infant mortality
rates were moderate for non-Hispanic white (5.76) and
Mexican (5.53) mothers, and lowest for Cuban (4.42),
Central and South American (4.68), and Asian/Pacific
Islander (API) (4.89) mothers. As with the overall
infant mortality rate, racial/ethnic-specific rates gener-
ally decreased from 1995 to 2000, but did not decrease
from 2000 to 2005.

Factors frequently mentioned as contributing to
racial/ethnic differences in infant mortality include dif-
ferences in maternal preconception health, infection,
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Figure 1. Infant mortality rate: United States, 2000-2006
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Source: 2000-2005 data are from the linked birth/infant death data sets. 2006 data are from the preliminary mortality file.

income, access to quality health care, stress, racism,
and social and cultural factors.”'>'® However, the influ-
ence of an individual risk factor (e.g., maternal age
or income) may vary considerably by race/ethnicity,
suggesting different disease pathways and life experi-
ences for women of different racial/ethnic groups.”!!?
For example, due to worsening health profiles, black
women may experience a larger negative effect of
advancing maternal age on infant health than do white
women.'” Conversely, it is hypothesized that a support-
ive cultural and family environment contributes to the
low infant mortality rates for Mexican women, despite
lower income and health insurance levels and a higher
prevalence of most risk factors.>®**?! Several risk fac-
tors for infant mortality are discussed in this article;
however, these are only some of the factors affecting
racial/ethnic differences, and even after consideration
of these factors, much of the racial/ethnic differences
in infant mortality remain unexplained.

Variations in risk factors affect racial

and ethnic differences

Differences in infant mortality by race/ethnicity reflect
in part differences in maternal sociodemographic and
behavioral risk factors. For example, infant mortality
rates are higher than the U.S. average for teenagers,
unmarried mothers, smokers, those with lower educa-
tional levels, those who had a fourth or higher birth

order, or those who did not obtain adequate prenatal
care.” The racial/ethnic groups with the lowest infant
mortality rates tended to have a smaller percentage of
births to women with some or all of these character-
istics, while the racial/ethnic groups with the highest
infant mortality rates tended to have a higher percent-
age of births to women with some or all of these char-
acteristics (Table 1). For example, API mothers (who
had low infant mortality rates) were on average more
educated and less likely to smoke or to have a teen
or nonmarital birth. Conversely, a higher percentage
of non-Hispanic black, Puerto Rican, and American
Indian mothers (who had high infant mortality rates)
did not receive adequate prenatal care, were unmarried
or teenagers, or had not completed high school.

Differences in income and access to health care
among racial/ethnic groups may also contribute to
differences in infant mortality. In 2005, nearly three
times as many black, American Indian, and Hispanic
children as non-Hispanic white children (<18 years of
age) lived in families with incomes below the poverty
level. Children of black, American Indian, and Hispanic
families were also much less likely than non-Hispanic
white children to have health insurance.??

Many of the risk factors discussed previously are
also risk factors for preterm and/or low birthweight
delivery, and they may affect infant mortality either
directly or through the mechanism of preterm or low
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birthweight delivery. In 2005, the percentage of infants
born preterm (<37 completed weeks of gestation) was
substantially higher for non-Hispanic black (18.4%),
Puerto Rican (14.3%), and American Indian (14.1%)
mothers than for non-Hispanic white mothers (11.7%)
(Table 1). Racial/ethnic differences in preterm and
low birthweight delivery exert a strong influence on
infant mortality, and are discussed in more detail in
the following section.?***

The contribution of preterm and low

birthweight delivery to infant mortality

Birthweight and period of gestation are the two most
important predictors of an infant’s subsequent health
and survival. Infants born too small or too soon have
a much greater risk of death and disability than those
born at full term (37 to 41 weeks of gestation) or with
birthweights of 2,500 grams or more. Because of their
much greater risk of death, infants born at the lowest
birthweights and gestational ages have a large impact
on overall infant mortality. For example, in 2005,
infants born weighing less than 1,000 grams accounted
for only 0.8% of births, but nearly half (48.2%) of all

infant deaths (Figure 3). The infant mortality rate for
very low birthweight infants (<1,500 grams) was 244.95
infant deaths per 1,000 live births, which was more than
100 times the rate of 2.30 for infants with birthweights
of 2,500 grams or more (Table 2). About 86.0% of
infants with birthweights of less than 500 grams died
within the first year of life, although reporting of deaths
among these very small infants may be incomplete.®
An infant’s chances of survival increase rapidly with
increasing birthweight. Infant mortality rates were low-
est at birthweights of 3,000 to 4,999 grams.

We found a similar pattern when examining data by
period of gestation. In 2005, 0.8% of births occurred
at <28 weeks of gestation, but they accounted for
nearly half (46.4%) of infant deaths (Figure 4). The
risk of infant death generally decreases as the length
of gestation increases.>® The infant mortality rate for
very preterm infants (<32 weeks) was 183.24, 75 times
the rate of 2.43 for full-term infants. Still, infants born
only a few weeks early have a substantially increased
risk of death when compared with full-term infants.?*
For example, the infant mortality rate for late preterm
infants (those born at 34-36 weeks of gestation) is 7.30,

Figure 2. Infant mortality rates by race and ethnicity of mother: United States, 1995, 2000, and 2005
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Figure 3. Percentage of live births and infant deaths by birthweight in grams: United States, 2005
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three times the rate for full-term infants. Even within
the term period, infants born at 37-39 weeks of gesta-
tion have mortality rates that are 30.0% higher than
those born at 40-41 weeks of gestation.’

Explaining infant mortality trends

and the recent plateau

The infant mortality rate for a given population can
be partitioned into two key components: (I) the dis-

Table 2. Infant mortality rates by birthweight, United
States, 2000 and 2005 linked files

Birthweight Percent change
(in grams) 2000 2005 2000-2005
Total 6.89 6.86 -0.4
<2,500 59.40 57.39 -3.4°
<1,500 244.26 244.95 0.3
<500 846.08 856.75 1.3
500-749 476.25 468.10 -1.7
750-999 155.84 150.41 -3.5
1,000-1,249 77.35 71.28 -7.8
1,250-1,499 45.59 46.66 2.3
1,500-2,499 15.78 14.73 -6.7°
1,500-1,999 28.28 26.87 -5.0
2,000-2,499 11.74 10.89 -7.2°
=2,500 2.47 2.30 —6.9°
2,500-2,999 4.57 4.19 -8.3°
3,000-3,499 2.38 2.15 -9.7°
3,500-3,999 1.67 1.47 -12.0°
4,000-4,499 1.47 1.45 -1.4
=4,500 2.46 243 -1.2

aSignificant at p<0.05

tribution of births by birthweight and (2) birthweight-
specific mortality rates (the mortality rate for infants
at a given weight). A change in either component can
lead to a change in the overall infant mortality rate.

The percentage of low birthweight (<2,500 grams)
births has increased from a low of 6.8% in 1985 to
7.6% in 2000 and 8.2% in 2005.>° However, from 1985
to 2000, birthweight-specific infant mortality rates
declined for all birthweight categories. The infant
mortality rate continued to decline from 1985 to 2000
because declines in birthweight-specific infant mortal-
ity rates were large enough to offset the increase in the
percentage of low birthweight births. However, from
2000 to 2005, the decline in the infant mortality rate
for very low birthweight (<1,500 grams) infants halted
(Table 2).5% Although infant mortality rates for moder-
ately low birthweight (1,500-2,499 grams) and normal
birthweight (=2,500 grams) infants did decline from
2000 to 2005, the plateauing in the infant mortality
rate for very low birthweight infants (which account
for more than half of all infant deaths), coupled with
the continuing increase in the percentage of low birth-
weight births, was enough to halt the historic decline
in infant mortality in the U.S. that took place during
the 20th century.

Much research, programmatic, and advocacy work
during the past two decades has been devoted to pre-
venting preterm and low birthweight delivery;?*%!
yet, the percentage of infants born preterm or at low
birthweight has continued to rise. A portion of the
increase is related to an increase in multiple births
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Figure 4. Percentage of live births and infant deaths by weeks of gestation: United States, 2005
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(in part due to increases in the use of assisted repro-
ductive technologies®); however, the percentage of
preterm and low birthweight births also increased
among singletons.® Spontaneous preterm labor is a
complex problem with multiple etiologies that has
challenged researchers and clinicians for decades.?**
Another factor that has received relatively little atten-
tion is the effect of increases in medical interventions,
such as cesarean section and induction of labor, on
the preterm birth rate. Changes in medical interven-
tions have been demonstrated to affect the percentage
of preterm and low birthweight births in the United
States and other countries.®?”*-% From 1990 to 2005,
the percentage of singleton preterm births delivered
by cesarean increased by 44% (from 25% to 36%),
while the percentage with induction of labor more
than doubled (from 7% to 16%).58

Leading causes of infant death

The leading cause of infant death in 2005 was con-
genital malformations, accounting for 20% of all
infant deaths. “Disorders related to short gestation
and low birthweight, not elsewhere classified” was
the second leading COD (17%), followed by sudden
infant death syndrome (SIDS) (8%), Newborn affected
by maternal complications of pregnancy (maternal
complications) (6%), and Newborn affected by com-
plications of placenta, cord, and membranes (cord
complications) (4%). Together, the five leading CODs
for infants accounted for 54% of all infant deaths in
the U.S.(Table 3).

The infant mortality rate from congenital malforma-
tions decreased by 5% from 2000 to 2005, and the SIDS
rate decreased by 13%, although this change may be
due in part to changes in the way SIDS is diagnosed
by the medical community.*® However, for CODs with
a high percentage of deaths to low birthweight infants,
infant mortality rates either plateaued or increased
from 2000 to 2005.°

Preterm-related causes of death

In 2005, 10,364 out of a total of 28,384 infant deaths
in the U.S. were due to preterm-related CODs. The
percentage of infant deaths that were preterm-related
increased from 35% in 2000 to 37% in 2005.>'"" The
impact of preterm-related infant mortality was high for
all racial/ethnic groups; however, some groups were
disproportionately affected. For example, nearly half
(46%) of infant deaths to non-Hispanic black women
and 41% of infant deaths to Puerto Rican women were
preterm-related, compared with 32% for non-Hispanic
white women.” Preterm-related infant mortality rates
were 3.4 times higher for non-Hispanic black (6.26)
than for non-Hispanic white (1.84) mothers (Figure
5). In fact, in 2005, the preterm-related infant mortal-
ity rate for non-Hispanic black mothers was higher
than the fofal infant mortality rate for non-Hispanic
white, Mexican, Central and South American, and API
women. The preterm-related infant mortality rate for
Puerto Rican mothers (3.44) was 87% higher than for
non-Hispanic white mothers.
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Figure 5. Total and preterm-related infant mortality rates by race/ethnicity of mother: United States, 2005
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NOTE: Preterm-related deaths are those in which the infant was born preterm (<37 completed weeks of gestation) with the underlying cause of
death assigned to one of the following International Classification of Diseases, 10th Revision categories: K550, PO0O, PO10, PO11, PO15, PO20,
P021, P027, PO70-P073, P102, P220-229, P250-279, P280, P281, P360-P369, P520-P523, P77.

International comparisons of infant mortality
During the past few decades, the decline in infant
mortality in the U.S. has been slower than for most
other developed countries. As a result, the United
States’ international ranking in infant mortality has
fallen from 12th lowest in 1960 to 23rd lowest in 1990,
to 30th lowest in 2005.%7 Selected Scandinavian (e.g.,
Sweden, Norway, Finland) and East Asian (e.g., Japan,
Hong Kong, Singapore) countries generally had the
lowest infant mortality rates (<3.5) (Table 4). The per-
centage of low birthweight births is higher in the U.S.
than in most other developed countries.” Variations in
infant mortality rates among countries may also reflect
differences in the sociodemographic characteristics of
the population, income and income inequality, access
to health-care services, and social supports for children
and families.*"!

International comparisons of infant mortality can
be influenced by differences in reporting of fetal and
infant deaths, particularly for the smallest infants
that die around the time of birth.** The countries

included in Table 4 are those designated by the United
Nations as having >90% complete reporting of infant
deaths;* still, differences in reporting may have an
impact. However, there is little evidence that differ-
ences in reporting have increased over time in a way
that would affect the U.S. disproportionately, and little
reason to doubt that the U.S. decline in the interna-
tional rankings since 1960 is real, although the actual
magnitude may be affected by reporting practices. Also,
given the magnitude of differences in infant mortality
rates (with 22 countries reporting rates =5.0 in 2005), it
appears unlikely that differences in reporting of infant
deaths account for all or most of the United States’
relatively low international ranking.

DISCUSSION

Despite the dramatic decline in infant mortality dur-
ing the 20th century, the U.S. infant mortality rate
appears to have plateaued in the first few years of
the 21Ist century. The U.S. infant mortality rate did
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Table 4. Infant mortality rates and international rankings: selected countries, 1960 and 2005

1960 2005
Infant mortality International Infant mortality International
Country? rate® ranking® rate® ranking®
Australia 20.2 5 5.0 21
Austria 37.5 24 4.2 15
Belgium 23.9 1 3.7 10
Bulgaria 45.1 30 11.7¢ 36
Canada 27.3 15 5.4 25
Chile 120.3 36 7.9 32
Costa Rica 67.8 33 9.8 34
Cuba 37.3 23 6.2 26
Czech Republic 20.0 4 3.4 7
Denmark 21.5 8 4.4 17
England and Wales 22.4 9 5.0 21
Finland 21.0 6 3.0 5
France 27.5 16 3.6 9
Germanye® 35.0 22 3.9 12
Greece 40.1 25 3.8 11
Hong Kong 41.5 26 2.4 2
Hungary 47.6 31 6.2 26
Ireland 29.3 18 4.0 13
Israelf 31.0 20 4.6 18
Italy 43.9 29 4.7 19
Japan 30.7 19 2.8 4
Netherlands 17.9 2 4.9 20
New Zealand 22.6 10 5.1 23
Northern Ireland 27.2 14 6.3 28
Norway 18.9 3 3.1 6
Poland 54.8 32 6.4 29
Portugal 77.5 35 35 8
Puerto Rico 43.3 27 9.3 33
Romania 75.7 34 15.0 37
Russian Federation? NA NA 11.0 35
Scotland 26.4 13 5.2 24
Singapore 34.8 21 2.1 1
Slovakia 28.6 17 7.2 31
Spain 43.7 28 4.1 14
Sweden 16.6 1 2.4 2
Switzerland 21.1 7 4.2 15
United States 26.0 12 6.9 30

Source: National Center for Health Statistics. Health, United States 2008, with chartbook on trends in the health of Americans. Hyattsville (MD):

National Center for Health Statistics; 2009.

*Refers to countries, territories, cities, or geographic areas with at least 1 million population and with “complete” counts of live births and infant
deaths as indicated in the United Nations Demographic Yearbook.

®Infant deaths per 1,000 live births

°Rankings are from lowest to highest infant mortality rates (IMRs). Countries with the same IMR receive the same rank. The country with the next
highest IMR is assigned the rank it would have received had the lower-ranked countries not been tied, i.e., skip a rank.

9Data are for 2004, as 2005 data are not yet available.

°Rates presented for the years prior to the reunification of Germany were calculated by combining information from the Federal Republic of

Germany and the German Democratic Republic.

fIncludes data for East Jerusalem and Israel residents in certain other territories under occupation by Israeli military forces since June 1967

9Excludes infants born alive after less than 28 weeks of gestation, of less than 1,000 grams birthweight, and less than 35 centimeters in length,

who die within seven days of birth

NA = not available
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not decline from 2000 to 2005, but appears to have
declined by 2% in 2006 based on preliminary data.
Racial and ethnic differences in infant mortality rates
have persisted and increased, as have the percentages of
preterm and low birthweight deliveries. After decades
of improvement, the infant mortality rate for very low
birthweight infants remained unchanged between
2000 and 2005. Infant mortality rates from congenital
malformations and SIDS declined from 2000 to 2005;
however, rates for preterm-related causes increased.>'!
The U.S. international ranking in infant mortality fell
from 12th in 1960 to 30th in 2005.

CONCLUSION

Infant mortality is a complex and multifactorial prob-
lem that has shown little improvement in the past sev-
eral years, despite programmatic efforts. Further efforts
to lower the U.S. infant mortality rate should focus on
preventing preterm and low birthweight deliveries,
and on reducing the large and persistent differences
in infant mortality rates by race and ethnicity. These
two goals are closely interrelated, as excess mortality
from low birthweight births accounts for much of the
black/white infant mortality gap. Although successes
have been noted in local and regional intervention
programs,® on the national level, both of these goals
have proved remarkably resistant to intervention
efforts. However, the low infant mortality rates in other
developed countries suggest that further lowering of
the U.S. infant mortality rate is achievable.
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