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By convention, infant mortality analysis is subdi-
vided into two stages—the neonatal and post-
neonatal periods.* More than a century ago,
William Farr recognized that factors affecting
the death rate vary at different stages of infancy
and wrote about the need to subdivide the first
year of life into months or even days (1). He
also noted that the effect of environmental fac-
tors on mortality varied by age of the infant,
with those who are older experiencing substan-
tially higher mortality rates than younger in-
fants. Today, neonatal and postneonatal mortal-
ity are examined separately because most
deaths during the neonatal period are associ-
ated with events surrounding the prenatal pe-
riod and the delivery, whereas postneonatal
deaths are more likely to be associated with
conditions or events that arise after the delivery
and, thus, reflect environmental factors. This
division into neonatal and postneonatal periods
is not completely satisfactory, however. For ex-
ample, deaths from birth defects are common
during both the neonatal and postneonatal peri-
ods, but the causes of birth defects are related
to events that occur from conception to birth.
Likewise, delivery of preterm infants (born <37
completed gestational weeks) is caused by con-
ditions arising during the antepartum and intra-
partum periods, but deaths related to prematu-
rity may be postponed to the postneonatal pe-
riod (2,3).

The proportionate contribution of neonatal and
postneonatal mortality to the infant mortality
rate has varied over the past century. In gen-

eral, infant mortality declined throughout the
20th century. Rates of decline were rapid for
the first four decades but were slower from
1950 to 1964 and again from 1981 to 1989.
In the first two decades of this century, two
thirds of infant deaths occurred during the post-
neonatal period, and until the late 1960s, im-
provement in infant mortality was primarily the
result of declines in postneonatal mortality (1,4).
Environmental changes that resulted in fewer
infections, the use of antibiotics, and improved
nutrition are thought to have contributed to the
decline in postneonatal mortality from the
1900s to the 1950s (5). As a result, deaths in
the postneonatal period contributed a progres-
sively smaller proportion of total infant deaths
in the United States: 50% in the 1920s, 35% in
the 1940s, and 25% in the mid-1960s (4).

As early as the late 1920s, neonatal mortality
began to command relatively greater attention as
a health concern than postneonatal mortality. In
the ensuing decades, while postneonatal mortal-
ity continued to fall, neonatal mortality rates also
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* Neonatal mortality—defined as the death of a live-born infant
in <28 days of life—can be further subdivided into early neona-
tal mortality, an infant death that occurs in <7 days of birth,
and late neonatal mortality, a death from 7 to <28 days of
age. Postneonatal mortality is defined as the death of a live-
born infant from 28 through 364 days of life.
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declined, though less rapidly than postneonatal
mortality. From 1950 to 1964, very little decline
occurred in either neonatal or postneonatal mor-
tality. From 1965 to 1970, a sharp drop in post-
neonatal mortality coincided with the implemen-
tation of Medicaid and other federal programs
targeted at the poor (1,6). With the introduction
of neonatal intensive care units that improved
survival of low-birth-weight infants, neonatal mor-
tality declined rapidly from 1970 through 1980.
Beginning in 1970, the rate of decline in neona-
tal mortality exceeded that of postneonatal mor-
tality for the first time. Although the rate of de-
cline was slower, regionalization of perinatal in-
tensive care services contributed to further im-
provements in the survival of low-birth-weight
babies in the 1980s. In the late 1980s, therapeu-
tic advances in the treatment of respiratory dis-
tress syndrome probably contributed substantially
to the 6% decline in infant mortality reported be-
tween 1989 and 1990 (7).

Neonatal mortality continues to account for the
largest proportion (63.5%) of infant deaths.
However, since 1970, because postneonatal
mortality has declined at a slower rate than neo-
natal mortality (8), the proportion of infant
deaths occurring in the postneonatal period has
increased steadily from 24.7% in 1970 (1) to
36.6% in 1990 (9). In recent years, postneonatal
mortality has declined only slightly (10), and the
United States continues to have higher postneo-
natal rates than many industrialized countries (6).

These trends since 1970, combined with the
relative lack of improvement in postneonatal
mortality rates in the 1980s, suggest that post-
neonatal deaths should receive more attention
than they have in the past few decades. The rea-
sons for the relatively low importance given to
postneonatal mortality in the United States may
include the false perception that postneonatal
mortality is a disappearing problem, the possibil-
ity that infants dying in the postneonatal period
are less likely to be seen by clinicians or hospital
professionals before death and therefore tend to
not attract their attention, and the possibility that
factors related to postneonatal mortality deaths
are social rather than medical and are less studied
in a research environment dominated by the
medical model of disease causation. For addi-
tional information about related topics and sur-
veillance activities, see the Preterm Birth, Low

Birth Weight and Intrauterine Growth Retarda-
tion, Prevalence of Birth Defects, Infant Mortal-
ity, and Injury and Child Abuse chapters.

HISTORY OF DATA COLLECTION

The concept of neonatal and postneonatal mor-
tality surveillance is not new, but until recently,
the purpose for tracking these rates was limited
to the collection, analysis, and dissemination of
data (11). Surveillance focused on reporting de-
clines in rates of neonatal and postneonatal
deaths by cause of death. In the late 1960s,
public health surveillance for infectious disease
incorporated the idea that surveillance should
have an action component that results in dis-
ease prevention and control (12); however, ac-
tion steps related to prevention, planning, and
evaluation did not become a priority for neona-
tal and postneonatal surveillance until the
1980s, coinciding with the availability of linked
birth certificates and infant death certificates
(13). Surveillance is now used to describe fami-
lies at risk for neonatal or postneonatal death so
that they can be targeted for prevention ser-
vices; to set priorities for directing scarce re-
sources to programs that will do the most to im-
prove neonatal and postneonatal survival; to
evaluate the effectiveness of those programs;
and to determine whether preventive public
health services are reaching populations in need
of those services. Neonatal surveillance has fo-
cused on planning and evaluating efforts to im-
prove birth-weight-specific mortality and birth-
weight distribution, such as early prenatal care,
appropriate referrals to tertiary care facilities for
women who have severe maternal risk factors
or who are likely to deliver a very-low-birth-
weight or preterm infant. Postneonatal surveil-
lance has focused on planning and evaluating
preventable causes of death such as infections
and injuries.

Although vital records form the basis of surveil-
lance, many state programs are beginning to
link other health systems records such as Medic-
aid, the Special Supplemental Food Program for
Women, Infants, and Children (WIC), and hospi-
tal discharge data to the birth and infant death
certificate linked file. Linkage to information on
sources and details of care allow for more exten-
sive risk factor identification, assessment of the
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extent to which programs reach targeted popu-
lations, and a more complete evaluation of the
effectiveness of programs. However, these addi-
tional linkages require a large commitment of
resources for computer time and data manage-
ment. Some program files may not contain an
adequate set of variables to allow for individual
linkage.

CDC SURVEILLANCE ACTIVITIES

Routine reports of mortality statistics remain an
important source of information for surveillance.
Mortality reports are available sooner than linked
vital records data. Therefore, the cause of death
can be examined within 2 years after the event.

The first national linkage of birth and infant
death certificates was generated for the 1960
birth cohort by NCHS (14). The 1980 birth co-
hort was linked by the National Infant Mortality
Surveillance project (15). This cohort provided
information from 50 states, New York City, the
District of Columbia, and Puerto Rico; the data
were presented in tabular form rather than in
individually linked birth and infant death certifi-
cate records. Beginning with the 1983 birth co-
hort, NCHS has generated individually linked
birth and infant death certificates for each co-
hort. This method represents a change in the
population used to estimate yearly neonatal
mortality rates. The neonatal mortality rate esti-
mated by using the linked file reflects the mor-
tality experience of all infants born to a specific
birth cohort based on the calendar year of birth.
The major advantages of using the linked file is
that it provides more information about the
mothers and infants who died. The major disad-
vantage is the lack of timeliness in producing
the files. State files are usually produced within
2–3 years of the last infant death. (See the In-
fant Mortality chapter.) National files lag 4–5
years behind the year of death.

Neonatal and postneonatal mortality rates are
generally reported by race, with the most strik-
ing differences reported between white and
black infants (neonatal and postneonatal rates)
and between white and Native American infants
(postneonatal rates). Before 1989, infant race,
which served as the denominator for neonatal
and postneonatal mortality rates, was tabulated

on the basis of the race of the child, as gener-
ated by on an algorithm developed by NCHS.
Since 1989, NCHS has tabulated infant race
based on the race of the mother, as reported
directly on the birth certificate. Race-specific
rates of neonatal and postneonatal mortality
may vary in the same year depending on
whether the denominator of live births is based
on the race of the child or of the mother. When
reporting mortality by race, one must indicate
whether rates are based on use of the race of
the child or of the mother. Unless otherwise
noted, rates reported in the General Findings
section of this chapter are based on the
mother’s race. Variations in these rates may be
related to socioeconomic factors rather than to
race or ethnicity per se.

Ethnicity is classified as Hispanic or non-His-
panic. Reporting of ethnicity varies by state. For
example, during 1983–1987, only 23 states
and Washington, D.C., reported Hispanic
ethnicity on the birth certificate. For these
states, the Hispanic origin of the mother and
father was reported; persons of Hispanic origin
were further identified as being of Mexican,
Puerto Rican, Cuban, Central or South Ameri-
can, or other Hispanic culture of origin, regard-
less of race. When reporting mortality by
ethnicity, methods used to determine ethnicity
should be cited in reports. In this chapter, and
in most published reports, rates generated from
the linked birth and infant death certificates are
based on the mother’s ethnicity.

GENERAL FINDINGS

Geographic, Race-Specific Time
Trends

From 1978–1980 to 1988–1990, the U.S.
neonatal mortality rate declined by 31%, from
8.9 per 1,000 live births to 6.1 per 1,000 live
births (see Table 22 in NCHS [16]). Neonatal
mortality rates varied by race and region of the
country (time trends are based on unlinked
files). Black infants experienced a twofold
higher rate of neonatal deaths (15.1 for 1978–
1980 and 11.8 for 1988–1990) than white
infants (7.8 for 1978–1980 and 5.1 for
1987–1989).
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In 1990, the black-to-white infant mortality rate
ratio (based on race of the child) was 2.2—an
increase of 22% over the lowest ratio of 1.77
attained in 1971. This overall trend was a prod-
uct of two diverging trends: one for neonatal
mortality and one for postneonatal mortality.
From 1960 to 1973, neonatal mortality for
black and white infants declined at similar rates
so that the rate ratio remained relatively stable
(1.62 in 1960 and 1.64 in 1973). Since 1973,
however, neonatal mortality declined much
more rapidly for white than for black infants,
leading to an increase in the ratio from 1.64 in
1973 to 2.21 in 1990. (16–17).

In contrast to the trend in neonatal mortality,
the black-to-white ratio in postneonatal mortal-
ity based on race of child declined rapidly be-
tween 1966 and 1975 (from 2.86 in 1966 to
2.08 in 1975), reflecting a more rapid rate of
decline for black than white infants (17). From
1975 to 1988, black and white postneonatal
mortality declined at about the same rate so that
the rate ratio changed little. The rate ratio for
postneonatal mortality in 1990 was 2.18 (see
Table 20 in NCHS [16].

From 1987 to 1990, neonatal mortality among
white infants was lowest in the Pacific States
(Washington, Oregon, California, Alaska, and
Hawaii) and the West North Central States (Min-
nesota, Iowa, Missouri, North Dakota, South Da-
kota, Iowa, Nebraska, and Kansas); for that same
period, neonatal mortality for black infants was
lowest in the West South Central States (Arkan-
sas, Louisiana, Oklahoma, and Texas). Between
1978–1980 and 1988–1990, the greatest per-
centage declines in neonatal mortality for both
black and white infants occurred in the West
North Central and the West South Central States.

From 1987 to 1990, postneonatal mortality
among white infants was lowest in the New En-
gland States (Maine, New Hampshire, Vermont,
Massachusetts, Rhode Island, and Connecticut).
Black postneonatal mortality was also low in the
New England States, but rates were based on
only three of the six states because the small
number of black live births in the other three
states resulted in highly unreliable estimates of
postneonatal mortality (see Table 22 in NCHS
[16]). Among regions that had reliable esti-

mates, postneonatal mortality was lowest in the
South Atlantic States (Delaware, Maryland, Dis-
trict of Columbia, Virginia, West Virginia, North
Carolina, South Carolina, Georgia, and Florida).

For both races, the largest percentage declines
in postneonatal rates occurred in the South At-
lantic States (Delaware, Maryland, District of
Columbia, Virginia, West Virginia, North Caro-
lina, South Carolina, Georgia, and Florida) and
the West South Central States (Arkansas, Louisi-
ana, Oklahoma, and Texas).

Birth-Weight-Specific Mortality Rates

Birth weight is a major predictor of neonatal
mortality. Neonatal mortality may improve be-
cause of a decline in the proportion of births
that are low birth weight (LBW, <2,500 g) or
because of improvements in the survival of LBW
infants. Therefore, when evaluating neonatal
mortality, we must examine both the proportion
of births in each birth-weight category and the
mortality experience in each category.

Compared with the 1960 U.S. birth cohort, the
1980 U.S. birth cohort experienced a substan-
tially lower neonatal mortality rate (based on
linked files)—16.7 vs. 7.3 per 1,000 live births—
reflecting a decline of 56%. However, 91% of
this decline can be attributed to reductions in the
birth-weight-specific neonatal mortality risk and
the remainder to improvements in birth-weight
distribution. Although birth-weight-specific neo-
natal mortality risk decreased among all birth-
weight groups, the greatest percentage decline
occurred among infants weighing 1,500–1,999
g. A small shift from a lighter to a heavier range
of birth weight accounted for the small contribu-
tion to the overall decline between 1960 and
1980. Similarly, virtually all of the change in
postneonatal mortality risk between 1960 and
1980 resulted from declines in birth-weight-spe-
cific mortality. Postneonatal mortality risks de-
creased among all birth-weight groups except for
neonatal survivors weighing 500–999 g (18).

In the United States, rate of very low birth weight
(VLBW, <1,500 g) is the principal predictor of
neonatal mortality (19). In the 1980s, <1.5% of
all live-born infants were VLBW, but these infants
account for >50% of all neonatal deaths (15).
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Racial and Ethnic Differences in
Neonatal and Postneonotal Mortality

The neonatal mortality rate is a crude weighted
average of race and ethnicity, birth-weight distri-
bution and birth-weight-specific experience, and
many other factors. As noted previously, linked
infant birth certificates and death certificates pro-
vide more accurate information on neonatal
mortality by race and ethnicity (Table 1). Data for
the 1985–1987 birth cohorts show that neonatal
and postneonatal mortality risks varied widely by
race and ethnicity. Infants born to black mothers
had the highest neonatal mortality risks followed
by those born to Puerto Rican mothers. Overall,
Asians had the lowest neonatal mortality risks
whereas the risks among whites, Native Ameri-

cans, and Hispanics (except Puerto Ricans) were
somewhat similar.

Postneonatal mortality risks were highest
among Native Americans and blacks. Rates
among Native Americans were 2.4 times the
rates among non-Hispanic whites, and rates
among blacks were 2.2 times the rates among
non-Hispanic whites. Mortality risks among the
other racial and ethnic groups were relatively
low and showed little variation. Postneonatal
deaths accounted for over half of the total infant
deaths among Native Americans compared with
approximately a third among other groups (20).

 The variation in mortality risks among race/
ethnic groups may be related to differences in
birth-weight distribution or from differences in

TABLE 1. Infant, neonatal, and postneonatal mortality rates, by race and Hispanic origin of mother —
United States, 1985–1987 birth cohorts

Deaths per 1,000 live births

Race and Hispanic origin of mother Infant Neonatal Postneonatal

All mothers 10.1 6.6 3.6

Race

  White 8.5 5.5 3.0

  Black 18.2 12.0 6.2

  Native American or Alaska Native 13.3 6.1 7.2

  Asian or Pacific Islander 7.6 4.7 2.9

    Chinese 6.0 3.4 2.6

    Japanese 6.6 3.9 2.7

    Filipino 7.2 4.7 2.5

    Other Asian or Pacific Islander* 8.3 5.2 3.2

Hispanic origin† 8.5 5.5 3.0

  Mexican American 8.1 5.2 2.9

  Puerto Rican 10.9 7.3 3.6

  Cuban 7.7 5.5 2.2

  Central and South American 7.8 5.2 2.6

  Other and unknown Hispanic 9.1 5.7 3.4

Non-Hispanic white† 8.4 5.4 3.0

Non-Hispanic black† 17.9 11.6 6.3

* Includes Hawaiians and part Hawaiians.
† Includes mothers of all races. Data shown only for states with an Hispanic-origin item on their birth certificates. In 1986–1987, 23 states and

the District of Columbia included this item.

Source:  NCHS, linked birth/infant death data set.
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birth-weight-specific mortality. Analysis of data
from the 1983–1984 U.S. birth cohorts re-
vealed that blacks had nearly three times
(2.60%) and Puerto Ricans 1.6 times (1.48%)
the incidence of VLBW as did non-Hispanic
whites (0.93%) (21). Little or no excess in
VLBW incidence was observed among other
groups. Blacks and Puerto Ricans also had an
elevated rate of moderate-low-birth-weight
(MLBW, 1,499–2,499 g) births. The relatively
high VLBW and MLBW incidence among blacks
and Puerto Ricans is reflected in their high neo-
natal mortality risks. Mortality risks for VLBW did
not vary substantially by race/ethnic groups, al-
though Japanese and Filipino mothers had par-
ticularly low rates. However, elevated mortality
risks among normal-birth-weight (NBW, 2,500–
4,500 g) black and Puerto Rican infants contrib-
uted to their high neonatal mortality risks.

An examination of the mortality risk difference
between non-Hispanic white and black infants
for the 1983 birth cohort showed that black in-
fants weighing <3,000 g had a lower neonatal
mortality risk than whites. However, this survival
advantage was outweighed by the far greater
incidence of LBW in general and VLBW in par-
ticular among black infants than among white
infants. In the postneonatal period, mortality
risks for black infants were generally higher than
risks for white infants in all birth-weight groups.
After considering the relative contribution of dif-
ferences in birth-weight distribution and birth-
weight-specific neonatal mortality risks, investi-
gators found that deaths among VLBW babies
accounted for about 84% of the black-to-white
gap in the neonatal mortality risks. In the post-
neonatal period, higher mortality risk among
babies weighing >1,500 g—including those of
MLBW (23.4%) and NBW (48%)—accounted
for 72.3% of the black to white risk difference
in postneonatal mortality (22).

In evaluating neonatal mortality surveillance
among Hispanic populations,using the 1983
and 1984 linked birth and infant death data set,
Becerra and colleagues identified infants born to
Hispanic mothers in 24 reporting areas that in-
cluded a Hispanic identifier on the birth certifi-
cate if the mother was reported as Hispanic
(20). By also including infants born in any of the
50 states and Washington, D.C., whose moth-

ers who were born in Mexico, Puerto Rico, or
Cuba, the investigators identified 3% more
Mexican Americans, 27% more Puerto Rican
Americans, and 17% more Cuban Americans
than originally indicated on the linked data set.
To compare outcomes by geographic location,
the investigators included infants born to resi-
dents of the Commonwealth of Puerto Rico.
The VLBW rate was higher among Puerto
Ricans born in the continental United States
(but not Puerto Rican islanders) than among
other Hispanics. Compared with neonatal mor-
tality rates among non-Hispanic whites, neona-
tal mortality rates were higher among Puerto
Rican islanders and Puerto Ricans living in the
continental United States. Puerto Rican island-
ers had the highest birth-weight-specific mortal-
ity for all groups except infants weighing
>4,000 g.

Causes of Death

The leading cause of neonatal deaths for all in-
fants (based on unlinked files) was birth defects,
followed by disorders related to short gestation
and unspecified low birth weight, and respira-
tory distress syndrome (Table 2) (23). However,
among black infants, the ranking of leading
causes of neonatal deaths was disorders related
to short gestation and unspecified low birth
weight, followed by respiratory distress syn-
drome and birth defects. In the postneonatal
period, the leading cause of death was sudden
infant death syndrome, followed by birth defects
and injuries (Table 2). Native Americans and
blacks had postneonatal mortality rates of sud-
den infant death syndrome, infections, and inju-
ries that were two to three times the rates
among whites. The least variation in cause-spe-
cific mortality among racial and ethnic groups
occurred for deaths caused by birth defects.

INTERPRETATION ISSUES

Many of the methodologic and interpretation is-
sues associated with the surveillance of neonatal
and postneonatal mortality are similar to those
cited for the surveillance of chronic diseases (24).
Surveillance involves multiple diseases, rather
than a single disease, as well as a complicated
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TABLE 2. Mortality from 10 leading causes of neonatal and postneonatal death — United States, 1989

Percentage
Rank Cause of death and rank (ICD codes)* of total
order Number  Rate deaths

Neonatal

All causes 25,168 622.8 100.0

1 Congenital anomalies (740–759) 5,902 146.1 23.5

2 Disorders relating to short

gestation and unspecified low

birth weight (765)   3,878   96.0   15.4

3 Respiratory distress syndrome (769) 3,386 83.8 13.5

4 Newborn affected by maternal

complications of pregnancy (761)  1,520  37.6  6.0

5 Newborn affected by complications

 of placenta, cord, and membranes  (762)   973   24.1   3.9

6 Infections specific to the  perinatal period (771)  833  20.6  3.3

7 Intrauterine hypoxia and birth asphyxia (768)  653  16.2  2.6

8 Sudden infant death syndrome  (798.0)  398  9.8  1.6

9 Neonatal hemorrhage (772) 262 6.5 1.0

10 Birth trauma (767) 215 5.3 0.9

All other causes (residual) 7,148 176.9 28.5

Postneonatal

All causes 14,487 358.5 100.0

1 Sudden infant death syndrome (798.0)  5,236  129.6  36.1

2 Congenital anomalies (740–759) 2,218 54.9 15.3

3 Accidents and adverse effects (E800–E949)  900  22.3  6.2

4 Pneumonia and influenza (480–487) 536 13.3 3.7

5 Septicemia (038) 290 7.2 2.0

6 Homicide (E960–E969) 266 6.6 1.8

7 Respiratory distress syndrome (769) 245 6.1 1.7

8 Meningitis (320–322) 193 4.8 1.3

9 Human immunodeficiency virus  infection

(*042–*044)†  119  2.9  0.8

10  Viral diseases (045–079) 107 2.6 0.7

All other causes (residual) 4,377 108.4 30.2

* ICD, International Classification of Diseases.
† Asterisks in HIV code indicate category numbers introduced in the United States in 1987.

Source:  NCHS (23).
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array of risk factors that vary with the disease.
Surveillance staffers frequently use existing data-
bases not designed or established for disease sur-
veillance purposes. Furthermore, although mor-
tality reduction will always be the surveillance
goal, program managers need a system flexible
enough to allow them to make modifications and
track a variety of indicators that influence sur-
vival.

Another issue to consider is that the surveillance
of nonbirth defects-related neonatal mortality has
not focused on the individual causes of death but,
rather, on the contribution of low birth weight to
all-cause mortality. Although low birth weight is a
very important determinant of neonatal mortal-
ity, this single-minded focus on low birth weight
may lead to missed opportunities to conduct rou-
tine surveillance and to plan prevention activities
for other causes of death (such as maternal medi-
cal complications or birth asphyxia) that have
high case-fatality rates and that are amenable to
medical intervention (25). Although some efforts
have been made to address postneonatal mortal-
ity among normal-birth-weight infants, more at-
tention needs to be directed to planning preven-
tion strategies for this highly preventable subset
of infant deaths (26,27).

EXAMPLES OF USING DATA

South Carolina

Public health surveillance data are useful when
associated with action. In the area of neonatal
and postneonatal mortality, these actions are
usually related to policy development and re-
source allocation at the state and local levels.
For example, neonatal surveillance data can be
used to evaluate health service delivery issues
related to regionalization. The South Carolina
Department of Health and Environmental Con-
trol has a perinatal regionalization surveillance
system that helps providers of maternofetal and
neonatal intensive care services to evaluate risk-
appropriate referral patterns and mortality ex-
perience and to identify areas for further im-
provement (28).

In an assessment of neonatal mortality experi-
ence, South Carolina analyzed birth-weight-spe-
cific neonatal mortality rates for VLBW infants

(500–1,499 g) by level of hospital care for se-
lected years during 1983–1991 (Table 3) (28).
Delivery and infant care in a tertiary care hospital
(level III) that provides fetal medicine and neona-
tal intensive care improves the survival of this vul-
nerable group of infants. The 3-year neonatal
mortality rate for white and black VLBW infants
is given to smooth the variability associated with
small annual numbers. For each period, infants
who were born in a level III facility tended to
have lower neonatal mortality. Those infants
weighing 500–999 g who were born in level III
facilities consistently had lower neonatal mortality
rates than those treated in level I hospitals.

South Carolina’s 3-year direct-adjusted neonatal
mortality rate varied by perinatal region for in-
fants weighing 500–1,400 g (Figures 1 and 2).
The adjusted mortality rate was estimated by
multiplying the birth-weight-specific neonatal
mortality rate by the proportion of live births in
each weight group of a standard population.
This adjustment allowed the comparison of mor-
tality between different regions and periods and
removed the effect of differences in birth-weight
distribution (28). Investigators observed a decline
in neonatal mortality among white infants resid-
ing in three of the four regions (Figure 1). Simi-
lar declines were found for black and other mi-
nority infants, but not in the same regions (Fig-
ure 2).

Puerto Rico

Puerto Rico evaluated its regionalized perinatal
health-care system after an initial study showed
that from 1980 through 1984, the system was
deficient and that the survival of newborns in
Puerto Rico was much worse than for Puerto
Ricans in the continental United States (29). Nev-
ertheless, the neonatal mortality rate declined by
an annual average of 5% from 1980 through
1988. Data for the 1981–1988 linked birth and
infant death certificates were used to measure
any contributions of the regionalized perinatal
health-care system to the declining neonatal mor-
tality rate in Puerto Rico. These data include ap-
proximately 265,000 singleton infants whose
mothers were residents of Puerto Rico in 1981–
1984 and 252,000 infants whose mothers were
residents in 1985–1988. Analysts found that
from 1981 to 1988, Puerto Rico experienced
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FIGURE 1. Three-year, direct-adjusted neonatal mortality risk for white
live-born infants weighing 500–1499 g at birth, by perinatal
region — South Carolina, 1983–1992

FIGURE 2. Three-year, direct-adjusted neonatal mortality risk for black
and other minority live-born infants weighing 500–1499 g at
birth, by perinatal region — South Carolina, 1983–1992
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significant improvement in the regionalization of
the perinatal health-care system. Improvement
was reflected in the increased proportion of
VLBW newborns delivered in hospitals with neo-
natal intensive care units and in the survival ad-
vantage provided by these hospitals to premature
babies. In addition, from 1981 to 1988, Puerto
Rico experienced significant reductions in the
neonatal mortality rate because of better new-
born survival—a reflection of better access to and
quality of hospital care. Neonatal survival varied
by perinatal region.

Florida

Surveillance also has been used to evaluate the
effects of expanded services on neonatal mortal-
ity. The evaluation of Florida’s statewide Im-
proved Pregnancy Outcome (IPO) program ex-
amined how 1985–1988 neonatal mortality
rates were affected by IPO comprehensive ser-
vices (prenatal care, health and nutritional coun-
seling, education, assistance with delivery ar-
rangements, postpartum and well-baby care,
family planning, and WIC and Medicaid enroll-
ment) (30). Birth certificate data, infant death
certificate data, and program records of partici-
pating women were linked. Linked birth certifi-
cate and infant death records were used to iden-
tify nonparticipants matched for race, age, edu-

cation, marital status, and number of prenatal-
care visits (<7 or >7). Neonatal mortality was
33% lower among black IPO enrollees than
among black nonparticipants. Neonatal mortal-
ity declined faster among white enrollees than
among white nonparticipants.

West Virginia

In West Virginia, health officials developed a
birth scoring system to identify newborns at risk
for postneonatal mortality. They used vital
records data from 1980–1983 births to develop
the risk score (Myerberg and Myerberg, West
Virginia University, unpublished data, 1992).
Infants born in 1985–1987 were assigned a
birth score. In an evaluation of the program,
using birth scores linked to birth and infant
death certificates, they demonstrated that the
rate of postneonatal death was six times higher
among infants with high birth scores than
among those with lower scores.

United States

National surveillance for neonatal and postneo-
natal mortality can be useful for identifying areas
in need of prevention activities. In a national
study of 1986–1987 case-fatality rates associ-
ated with conditions arising in the perinatal pe-

TABLE 3. Three-year low-birth-weight-specific neonatal mortality rate, by level of hospital care for white
infants — South Carolina, 1983–1991

Deaths per 1,000 live births
1983–1985 1986–1988 1989–1991

Birth weight Level Level Level Level Level Level Level Level Level

(g) I II III I II III I II III

500–749 936 952 750 840 958 712 809 1,000 638

750–999 515 476 404 583 538 344 429   440 223

1000–1,249 256 133 101 273 179 163 100   205 146

1250–1,499  98 103 114 62 100  65 158    93  52

% of all births*  17    9   62  10  10   72    5     15   71

Total nmber

of births 928  962  1,036

*Percentages may not add to 100 because percentage distribution of all births is shown only for hosptial births.
Source:  Liu Q et al. (28).
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riod, the results indicated that maternal medical
conditions were associated with high case-fatal-
ity rates (25). Since then, national linked birth
certificate and infant death certificate files for
1983–1987 are being used to describe infant
deaths caused by maternal medical conditions.
Preliminary results indicate that infants born to
multiparous (parity of 2) women <20 years of
age have the highest rates of neonatal death
from medical conditions associated with the
pregnancy.

FUTURE ISSUES

During the 1980s, the surveillance of neonatal
and postneonatal mortality moved beyond
monitoring to include public health action. In
the future, state and local health officials will
need to 1) clarify priority issues that should be
addressed by surveillance; 2) determine whether
the efficient linkage of additional health data-
bases (such as Medicaid data, hospital discharge
records, or WIC records) to vital records data at
the state and local levels will be useful in ad-
dressing priority areas related to neonatal and
postneonatal deaths; and 3)  determine how
surveillance can be used as a risk assessment
tool.

Because so many causes of death and potential
risk factors exist for neonatal and postneonatal
death, the traditional surveillance loop of data
collection, analysis, reporting, and action must
include the establishment of priorities to deter-
mine which types of analyses must be done.
Furthermore, because of the multifactorial eti-
ologies and the difficulty in linking exposures,
risk factors, interventions, and outcomes (12),
public health officials will continue to be in con-
stant pursuit of more detailed data sets that pro-
vide more information on risk factors. Surveil-
lance is usually based on the preventability of
the outcome of interest. To prevent infant
deaths, program directors expect surveillance
data to help them identify infants at the highest
risk of neonatal and postneonatal deaths. Like
West Virginia and other states that use linked
vital records data to develop risk assessment
measures, more states need to begin using
these data to determine which infants are at the
highest risk of postneonatal mortality.
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