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Synopsis....................................

To describe regional differences in birth weight-
specific infant mortality in the United States, we
used data from the National Infant Mortality
Surveillance project. The infant mortality risk
(IMR) for the nation was 11.0 deaths per 1,000
live births. The risk (with 95 percent confidence
intervals [CI1) for the four U.S. Census regions
were West 9.9 (9.7 to 10.1), Northeast 10.4 (10.1
to 10.6), North Central 10.8 (10.6 to 11.0), and
South 12.1 (11.9 to 12.3).

In all regions, the IMR for blacks was approxi-
mately twice that of whites. Seventy-two percent of
the higher IMR in the South was due to a higher
proportion of black births compared with the
remainder of the nation, reflecting the higher
mortality rates suffered by black infants, and 28
percent to higher mortality among southern whites.

The IMR for whites in the South was signifi-
cantly higher than in the remainder of the nation:
9.8 versus 9.1 (relative risk = 1.09, CI = 1.06 to
1.11). Thirty-six percent of this excess in IMR was
due to a higher frequency of low birth weight (less
than 2,500 grams), 18 percent was due to higher
IMR in infants with birth weight less than 2,500
grams, and 46 percent due to higher IMR in
infants with birth weights of 2,500 g or more.

Black infants born in the West had a lower risk
of death than black infants in the other regions.
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When compared with the Northeast and South, 36
percent of the lower risk in the West among black
infants was due to a lower frequency of low
birth weight, 38 percent due to lower IMR in

infants w'ith birth weight less than 2,500 g, and 26
percent to lower IMR in infants with birth weight
of 2,500 g or more.

THE RISK OF INFANT MORTALITY varies among
regions in the United States (I ), but reasons for
these differences are not fully understood. Re-
gional analyses of low birth weight and infant
mortality can guide health planners and public
health officials in targeting, developing, and as-
sessing strategies to lower infant mortality. For
example, recognition that the highest risk of infant
death is in the southeastern United States
prompted the Southern Governors Association to
address the problem of infant mortality on a
region-wide basis (2 ).
The 1980 National Infant Mortality Surveillance

(NIMS) project provided an opportunity to investi-
gate differences in infant mortality among regions
in the United States. This paper describes regional
differences in total and birth weight-specific infant
mortality risks by race, in the racial and
birth weight distribution of births, and in the
causes of infant deaths. In addition, we explore
possible reasons for significant differences in race-
specific mortality risks in three regions compared
with the remainder of the nation.

Methods

The methods of NIMS, including data collection
and evaluation, are described in detail elsewhere
(3-5). In brief, 53 vital statistics reporting areas
participated in the project: 50 States, New York
City, the District of Columbia, and Puerto Rico.
These national level tabulations do not include
Puerto Rico. All 53 reporting areas (subsequently
referred to as "States") linked birth and death
certificates for infants who were born alive in 1980
and who died within the first year of life in 1980
or 1981. The completeness of birth and death
certificate linkage is estimated to be approximately
95 percent (3,5 ). States provided the Centers for
Disease Control (CDC) with the number of infant
deaths by birth weight, age at death, and other
infant and maternal characteristics. CDC generated
corresponding numbers of births from the com-
puter tape of 1980 natality records produced by
the National Center for Health Statistics (NCHS),
with exceptions for Maine and New Mexico as
previously described (3). State of residence was

defined as State of mother's residence at time of
infant's birth; race of infant was based on the race
of both parents, using the NCHS algorithm (6).
For logistic reasons, we limited categories for race
of infant to white, black, and all races combined.

Because the NIMS data are for a birth cohort,
rather than for births and deaths occurring in a
given year, we use the term mortality "risk"
instead of "rate." The neonatal mortality risk
(NMR) was defined as the number of neonatal
deaths (under 28 days) per 1,000 live births, the
postneonatal mortality risk (PNMR) as the number
of postneonatal deaths (28 days to under 1 year)
per 1,000 neonatal survivors, and the infant mor-
tality risk (IMR) as the number of infant deaths
(under 1 year) per 1,000 live births.
For calculation of mortality risks, infants with

unknown birth weight (0.2 percent of births and
3.3 percent of infant deaths) were assigned to
birth weight categories according to the proportion
with known birth weight (3). The data in this
report will be restricted to single-delivery infants.
Individual birth weight categories ranged from 227
to 500 grams to 4,500 to 8,165 g and were divided
into 500-g intervals for infants weighing from 500
to 4,499 g.
Each State provided tabulations of the number

of deaths of single-delivery infants by individual
four-digit codes from the International Classifica-
tion of Diseases, Ninth Revision (ICD-9) (7). This
was done for the underlying cause of death as
assigned and coded by the State from the causes of
death specified on death certificates. ICD-9 codes
for underlying causes of death were aggregated
into the following categories, by using a modifica-
tion of previously described classification schemes
(8-10): prematurity-low birth weight (LBW) and
respiratory distress syndrome (RDS) as one group;
other perinatal respiratory conditions; birth
trauma-hypoxia-asphyxia; other perinatal condi-
tions; infections; congenital anomalies; injuries;
sudden infant death syndrome (SIDS); cardiac or
respiratory arrest and other nonspecific and un-
known causes; and all other known causes. The
ICD-9 codes used in each of these categories are
described in the NIMS report (3).

Individual States were combined to form the
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Figure 1. Bureau of the Census geographic regions of the United States

four regions as defined by the Bureau of the U.S.
Census (11): Northeast, North Central, South, and
West (fig. 1). To identify possible reasons for
differences in IMR between regions, we character-
ized infant mortality by several components, in-
cluding racial distribution of births, birth weight
distribution of births, and birth weight-specific
mortality. Because of regional differences, we
examined the latter two components separately for
white and black infants.
We used an equation described by Fleiss (12) to

make two determinations. First, what percentage
of the difference in IMR between one region and
the remainder of the nation was due to the racial
distribution of births versus the mortality risk
within race groups; second, what percentage of the
difference in race-specific IMR between compari-
son regions was due to the birth weight distribu-
tion of births versus birth weight-specific mortality
risks. For these comparisons we included only
white and black infants, who represented 97
percent of U.S. births in 1980.

Difference in mortality risks = Y i [([Pa + Pb] +
2) x (Rb - Ra) + (IRa + Rb] + 2) x (Pb -

Pa)]1i
P = Proportion of total births in birth weight
groupi

R = Infant mortality rate for birth weight group i
a = Region of interest
b = All other regions

Results

Total infant mortality risk. Table 1 shows the
total and race-specific IMRs for the four regions.
For all races combined, the IMR was highest in
the South, 12.1 deaths per 1,000 live births, and
comparatively lower in the other three regions,
ranging from 9.9 (West) to 10.8 (North Central).
A similar regional mortality pattern was observed
for white infants. In contrast, for blacks, the IMR
was significantly lower in the West and higher in
the North Central compared with the remainder of
the nation.

Race distribution. More than one-third of all
births, and more than half of all black births,
occurred in the South (table 1). In addition, the
South has a higher proportion of black births than
the other regions (25 percent versus 12 percent).

Birth weight distribution. Table 2 gives the distri-
bution of births in five birth weight categories by
region. Compared with the other regions, the
South has a higher percentage of infants with both
very low birth weight (less than 1,500 g) and
intermediate low birth weight (1,500 to 2,499 g)
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Table 1. Infant mortality risk, by race and region, single-
delivery infants, 1980 U.S. birth cohort

All races Whlte Bfack

Number Number Number
Region of births IMR of births IMR of births IMR

Northeast...... 643,327 10.4 529,765 8.8 97,860 19.0
North Central .. 937,091 10.8 799,471 9.2 119,649 20.7
South ......... 1,208,121 12.1 881,681 9.8 305,197 18.6
West ......... 754,456 9.9 634,940 9.1 52,600 16.5

United States . . 3,542,995 11.0 2,845,857 9.3 575,306 18.9

NOTE: IMR infant mortality risk . deaths per 1,000 live births.

for all races combined and for whites, but not for
blacks. The lowest frequencies of very low and
intermediate low birth weight among blacks were
observed in the West. Compared with whites,
black infants have an increased relative risk of
birth weights less than 1,500 g, which ranged from
2.7 (South) to 3.1 (North Central). Black infants
have a risk of birth weights less than 2,500 g
ranging from 2.2 (South) to 2.6 (North Central).
There was little regional difference in the percent-
age of infants with birth weights of less than 500 g
for whites (0.05 to 0.06 percent), and for blacks
(0.18 to 0.22 percent).

Birth weight-specific mortality. Figures 2 and 3
present birth weight-specific infant mortality risks
for white and black infants, by region. Although
mortality in all regions decreases markedly with
increasing birth weight, except for increases for
very heavy infants, there are differences among
regions throughout the birth weight spectrum that
contribute to differences in the total IMR. For
whites, there were few differences between regions
in the IMR of infants with birth weights of less
than 2,500 g, but at higher birth weights the
Northeast had lower, and the South a compar-
atively higher IMR. For blacks, there was more
regional variation at each birth weight stratum.
Small differences in mortality among infants with
birth weights of 2,500 g or more constitute a large
contribution to total mortality differentials, since
the vast majority of births occur in this group.

Cause of death. Table 3 gives the cause-specific
mortality risk by region and race. Prematurity-
LBW-RDS, congenital anomalies, and SIDS cause
a major proportion of all infant deaths in all
regions. The South, however, has higher cause-
specific mortality risks attributed to seven
categories: prematurity-LBW-RDS, birth trauma-

Figure 2. Infant mortality risk by birth weight and region,
single-delivery white infants, 1980 U.S. birth cohort

Figure 3. Infant mortality risk by birth weight and region,
single-delivery black infants, 1980 U.S. birth cohort

hypoxia-asphyxia, infections, congenital anomalies,
injuries, cardiac or respiratory arrest and other
nonspecific and unknown causes, and all other
known causes.
Compared with other regions, white infants born

in the South have higher risks of death attributed
to prematurity-LBW-RDS, birth trauma-hypoxia-
asphyxia, infections, congenital anomalies, injuries,
cardiac or respiratory arrest and other nonspecific
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Table 2. Percentage distribution of births, by birth weight, region, and race, single-delivery infants, 1980 U.S. birth cohort

Less than 1,500- 2,500- 4,000 g
Region and race 1,500 g 2,499 g 3,999 g or more Unknown Total

Northeast:
All races .................... 0.97 5.00 83.67 10.24 0.12 100.00
White ...................... 0.75 4.22 83.66 11.27 0.11 100.00
Black ...................... 2.18 9.20 83.08 5.37 0.18 100.00

North Central:
All races .................... 0.91 4.58 82.16 12.01 0.34 100.00
White ...................... 0.72 3.84 81.98 13.13 0.33 100.00
Black ...................... 2.25 9.44 82.94 4.99 0.39 100.00

South:
All races .................... 1.07 5.67 83.00 10.15 0.11 100.00
White ...,.0.75 4.46 82.73 11.97 0.09 100.00
Black ...................... 2.03 9.19 83.63 5.01 0.14 100.00

West:
All races .................... 0.80 4.41 83.31 11.17 0.31 100.00
White ...................... 0.70 4.03 83.02 11.96 0.29 100.00
Black ...................... 1.93 8.36 83.04 6.32 0.35 100.00

'Percents may not add to 100.00 due to rounding.

and unknown causes, and all other known causes.
Black infants born in the West have a lower risk

of death attributed to prematurity-LBW-RDS,
other perinatal respiratory conditions, infections,
cardiac or respiratory arrest and other nonspecific
and unknown causes, and all other known causes
compared with the other regions. Black infants
born in the North Central Region have higher
mortality risks attributed to other perinatal respira-
tory conditions, birth trauma-hypoxia-asphyxia,
congenital anomalies, and SIDS.

Infant mortality risk-South versus Northeast plus
North Central plus West. Because of the appar-
ently higher risk of infant mortality in the South,
we compared this region with the remaining three
regions combined. For all races, the relative risk
for infant death was 1.17 for the South compared
with the remainder of the nation (CI = 1.14 to
1.19). For whites, the relative risk was 1.09 (CI =
1.06 to 1.11), and for blacks, 0.96 (CI = 0.93 to
1.00).
The NMR for white infants born in the South

was 6.6 per 1,000 live births versus 6.1 for the
remainder of the nation (RR = 1.09, CI = 1.06
to 1.11). The PNMR was 3.2 per 1,000 neonatal
survivors in the South compared to 3.0 in the
remainder of the nation (RR = 1.07, CI = 1.02
to 1.12).

Using the partitioning formula, we found that
72 percent of the higher IMR in the South was due
to a higher proportion of black births, reflecting
the higher mortality rates suffered by black in-
fants, and the remainder was due to higher

mortality among southern whites. The IMR for
southern blacks was lower than the remainder of
the nation. Restricting this analysis to white in-
fants born in the South compared to the remainder
of the nation, we found that 36 percent of the
elevated infant mortality risk was due to a higher
frequency of low birth weight births, 18 percent
was due to higher mortality in infants with
birth weights less than 2,500 g, and 46 percent due
to higher mortality in infants with birth weights of
2,500 g or more.
White infants with birth weights of 2,500 g or

more born in the South had significantly higher
cause-specific mortality associated with birth
trauma-hypoxia-asphyxia (RR = 1.31, CI = 1.12
to 1.54), other perinatal conditions (RR = 1.30,
CI = 1.08 to 1.57), infection (RR = 1.37, CI =
1.22 to 1.53), congenital anomalies (RR = 1.10,
CI = 1.03 to 1.17), injuries (RR = 1.28, CI =
1.10 to 1.48), and cardiac or respiratory arrest and
other unknown causes (RR = 1.57, CI = 1.21 to
2.02).

Infant mortality risk-black infants. Black infants
in the West and North Central had IMRs that
differed significantly from the other two regions,
the Northeast and South (table 1). To identify
reasons for these differences we compared the
West and North Central to the Northeast and
South combined.

West versus Northeast plus South. The risk of
death for black infants born in the West was 16.5
per 1,000 live births versus 18.7 for the Northeast
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Table 3. Infant mortality risk', by region, cause, and race, single-delivery infants, 1980 U.S. birth cohort

Cause-speolf deaths per 1,000 Ike birtha

Cause and race Nohast North Cenrl South West

Prematurity-low birth weight-respiratory distress syndrome:
All races........................................................
White ..........................................................
Black ..........................................................

Other perinatal respiratory conditions:
All races........................................................
White ..........................................................
Black ..........................................................

Birth trauma-hypoxia-asphyxia:
All races........................................................
White ..........................................................
Black ..........................................................

Other perinatal conditions:
All races........................................................
White ..........................................................
Black ..........................................................

Infections:
All races........................................................
White ..........................................................
Black ..........................................................

Congenital anomalies:
All races........................................................
White ..........................................................
Black ..........................................................

Injuries:
All races........................................................
White ..........................................................
Black ..........................................................

Sudden infant death syndrome:
All races........................................................
White ..........................................................
Black .........................................................

Cardiac or respiratory arrest and other nonspecific and unknown
causes:
All races........................................................
White ..........................................................
Black ..........................................................

All other known causes:
All races........................................................
White ..........................................................
Black ..........................................................

'Infant mortality risk deaths per 1,000 live births.

and South combined (RR = 0.89, CI = 0.83 to
0.95). The NMR for black infants born in the
West was 10.7 per 1,000 live births versus 12.4 for
the Northeast and South (RR = 0.86, CI =0.79
to 0.93). The PNMR was 5.9 per 1,000 neonatal
survivors versus 6.3 in the other two regions (RR
= 0.94, CI = 0.84 to 1.06).
With partitioning, 36 percent of the lower

mortality among blacks in the West was due to a

lower frequency of low birth weight births, 38
percent was due to a lower IMR in infants with
birth weights less than 2,500 g, and 26 percent to a

lower IMR in infants with birth weights of 2,500 g

or more.

Black infants born in the West compared with

the Northeast and South had a significantly lower
risk of death attributed to prematurity-LBW-RDS
(RR = 0.84, CI = 0.74 to 0.96), other perinatal
respiratory conditions (RR = 0.51, CI = 0.36 to
0.73), infections (RR = 0.69, CI = 0.53 to 0.88),
cardiac or respiratory arrest and other nonspecific
and unknown causes (RR = 0.19, CI = 0.08 to
0.45), and all other known causes (RR = 0.72, CI
= 0.54 to 0.97). Black infants born in the West
also had a lower risk of death attributed to other
perinatal conditions and injuries. These differences
were not statistically significant, however.

North Central versus Northeast plus South. The
risk of death for black infants born in the North
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Table 4. Neonatal and postneonatal mortality risk, by race
and region, single-delivery infants, 1980 U.S. birth cohort

Al raes Wht Back

Regin NMR PNMR NMR PNMR NMR PNMR

Northeast..... 7.2 3.2 6.2 2.6 12.5 6.6
North Central . 7.2 3.6 6.2 3.0 13.7 7.1
South ........ 8.1 4.0 6.6 3.2 12.4 6.2
West ......... 6.3 3.6 5.8 3.3 10.7 5.9
United States . 7.3 3.7 6.2 3.1 12.5 6.5

NOTE: NMR neonatal mortality risk - deaths per 1,000 lIe births; PNMR
postnatal mortlity risk - deaths per 1,000 neonatal survivors.

Central was 20.7 per 1,000 live births versus 18.7
in the Northeast and South combined (RR = 1.11,
CI = 1.06 to 1.16). The NMR for black infants
born in the North Central was 13.7 per 1,000 live
births versus 12.4 in the Northeast and South (RR
= 1.10, CI = 1.04 to 1.16). The PNMR was 7.1
per 1,000 neonatal survivors versus 6.3 in the
Northeast and South (RR = 1.13, CI = 1.04 to
1.22).
With partitioning, 44 percent of the higher IMR

among black infants born in the North Central
was due to a higher frequency of low birth weight
infants, 9 percent due to higher mortality in
infants with birth weights less than 1,500 g, 14
percent due to higher mortality in infants with
birth weights of 1,500 to 2,499 g, and 33 percent
due to higher mortality in infants with
birth weights of 2,500 g or more.

Black infants with birth weights of 2,500 g or
more born in the North Central had significantly
higher cause-specific mortality associated with
SIDS (RR = 1.45, CI = 1.27 to 1.66). In
addition, this group of black infants had a higher
risk of death attributed to other perinatal respira-
tory conditions, birth trauma and asphyxia, con-

genital anomalies, and injuries. However, these
differences were not statistically significant.

Infant mortality risk-black versus white
infants. A consistent finding in all regions was
that the IMR of black infants was approximately
twice that of whites (table 1). The relative risk of
infant death for black versus white infants ranged
from 1.82 (West) to 2.25 (North Central). The
NMR and PNMR by region and race are shown in
table 4. The relative risk of neonatal death ranged
from 1.85 (West) to 2.20 (North Central), and of
postneonatal death from 1.78 (West) to 2.56
(Northeast).

Discussion

In this description of regional infant mortality,
we observed differences in the birth weight distri-
bution of births, racial distribution of births, and
birth weight-specific mortality that contributed to
variations in the risk for infant death. We cannot
exclude the possibility that part of these differ-
ences reflect variations in data quality among
regions. For example, States may have differed in
the classification of race for members of various
ethnic groups. A discussion of the limitations of
NIMS data is included in this issue (4).
We considered two measures of data quality,

and neither appeared to vary in a manner that
would affect our main findings. First, differences
in the percentage of infants with unknown
birth weights may affect birth weight-specific mor-
tality risks because the number of births and
deaths with unknown birth weights was distributed
into known values. Blacks generally had a higher
frequency of unknown birth weights compared
with whites. Secondly, approximately 95 percent of
all deaths occurring among the 1980 birth cohort
were linked and reported to NIMS (4), and we
estimate that the completeness of linkage was 93
percent in the Northeast, 96 percent in the North
Central, 95 percent in the South, and 97 percent in
the West.

These data confirm prior studies of regional
differences in infant mortality that identified an
elevated risk for infant death in the South (1), a
finding that has recently attracted considerable
attention (2).
Almost three-fourths of the elevated mortality

risk in the South was due to an increased propor-
tion of black births. When race is considered,
however, the major reason for overall increased
infant mortality in the South compared with the

14" Public Heath Reports



remainder of the nation is higher mortality among
whites. This finding is due in large part to the
percentage of infants with low birth weight and
mortality among infants with a birth weight 2,500
g or more, two components which require different
intervention strategies.
Low birth weight is a major determinant of

infant mortality in the United States, and small
infants suffer the highest infant mortality rates. A
recent report by the Institute of Medicine has
concluded that efforts to reduce the nation's
incidence of low birth weight must include a
commitment to enrolling all pregnant women in
prenatal care (13).

For white infants in the South with birth weights
of 2,500 g or more, elevated death rates due to
birth trauma-hypoxia-asphyxia may indicate a need
for improving primary obstetric services, since in
this group relatively low mortality rates are ex-
pected. In addition, white infants born in the
South have higher death rates attributable to
causes such as prematurity-LBW-RDS, injuries,
congenital anomalies, and infections. These find-
ings suggest that the South needs improvements in
basic prenatal, perinatal, and infant care in all
birth weight categories.
The reduction of the twofold increased risk of

death in black compared with white infants is a
major public health objective, and this problem is
considered in greater detail in the accompanying
articles describing different aspects of the NIMS
project. Black infants in the West, however, have
a significantly lower risk for infant death com-
pared with black infants born in the other regions.
This lower risk is due to both a lower frequency of
low birth weight infants and lower birth weight-
specific mortality. Birth weight-specific mortality
rates are affected not only by maternal and infant
characteristics but also by the quality and avail-
ability of medical care (14,15). Comparison of the
West to other regions suggests that improvements
in the mortality of black infants are achievable. If
all black infants born in 1980 had experienced the
same IMR of black infants in the West, there
would have been 1,364 fewer deaths of single-
delivery black infants, representing a 13 percent
drop in the black IMR. Health planners and public
health officials should focus future efforts on ways
to attain this measurable improvement.
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