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he increasing racial disparity in infant mortality rates:
omposition and contributors to recent US trends

reg R. Alexander, MPH, ScD†; Martha S. Wingate, DrPH; Deren Bader, CPM, DrPH; Michael D. Kogan, PhD
BJECTIVES: We examined trends in birthweight-gestational age dis-
ributions and related infant mortality for African American and white
omen and calculated the estimated excess annual number of African
merican infant deaths.

TUDY DESIGN: Live births to US-resident mothers with a maternal
ace of white or African American were selected from the National Cen-
er for Health Statistics’ linked live birth-infant death cohort files
1985-1988 and 1995-2000).

ESULTS: The racial disparity in infant mortality widened despite an
002-9378/$34.00 • © 2008 Mosby, Inc. All rights reserved. • doi: 10.1016
ad relatively greater gains in survival and the white advantage in sur-
ival at term increased. Annually, African American women experience
pproximately 3300 more infant deaths than would be expected.

ONCLUSION: The increasing US racial disparity in infant mortality is
argely influenced by changes in birthweight-gestational age–specific

ortality, rather than the birthweight-gestational age distribution. Im-
rovement in the survival of white preterm and low-birthweight infants,
robably reflecting advances in and changing access to medical tech-
ology, contributed appreciably to this trend.
ncreasing rate of white low-birthweight infants. White preterm infants Key words: birthweight, gestational age, infant mortality, race

ite this article as: Alexander GR, Wingate MS, Bader D, Kogan MD: The increasing racial disparity in infant mortality rates: Composition and contributors to
ecent US trends. Am J Obstet Gynecol 2008;198:51.e1-51.e9.

n 2002 in the United States, the per-
cent of infants born low birthweight

LBW; the proportion of live births
2500 g) rose to its highest level in

early 30 years.1,2 Although LBW rates
ere increasing over the last few decades,

nfant mortality rates (IMRs), the num-
er of infant deaths �1 year of age per
000 live births, continued to decline
ramatically.1-3 In the United States, an
pproximate 45% decrease in IMRs oc-
urred between 1980-2000 as LBW per-
entages rose nearly 12%.2,3

IMRs are often used as surrogate mea-
sures of a population’s general health
status, socioeconomic conditions, and
availability and access to quality health
care. The decrease in the rate of infant
death in the United States has been ob-
served for births to both white and Afri-
can American (AA) mothers.3 However,
in the midst of this general improvement
in infant survival, there has been a wid-
ening in the racial disparity in IMRs.2-4

Racial disparities in rates of infant mor-
tality, LBW and preterm delivery have
been an unrelenting feature of US preg-
nancy statistics.2-4 Despite the steady de-
cline in infant mortality rates for both US
white and AA women over the last 20
years, the risk of an infant death for AA
women, relative to white women, actu-
ally rose. In 1980, an AA live birth was
2.04 times more likely to die during the
first year of life than a white birth; in
2000, the comparative risk of infant
death for AA women was 2.46.2,3 This
persistent and growing racial disparity in
US IMRs has attracted the concern of
policymakers and understanding the
contributors to the growing increase in
the racial disparity has drawn ongoing
research attention.5

Downward trends in IMRs are typi-
cally assessed by investigating: (1) de-
creases in the proportion of high-risk
births, eg, changes in the percentage of
LBW or preterm births; and/or, (2) in-
creases in infant survival, ie, changes in
BW or gestational age (GA)-specific
IMRs.6-9 To the extent that LBW or pre-
term birth rates remain constant or in-
crease, the primary mechanism underly-
ing observed declines in infant mortality
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ants born at higher-risk BWs or GAs.6-11

s marked racial variation in both the
istributions of BW and GA, as well as in
W and GA-specific mortality, have

ong been recognized, exploring trends
n the distribution and survival of high-
isk births for each race group is essential
o understanding patterns in racial dis-
arities in IMRs.12-15

In this study, we examine for the peri-
ds 1985-1988 and 1995-2000 temporal
hanges in BW-GA distributions and
W-GA–specific IMRs for AA and white
ace groups. Our purpose for examining
hanges in the proportion of high-risk
irths and their survival by race group is
o better understand how these parame-
ers contribute to the growing racial dis-
arity in overall infant mortality. Within
hese 2 race groups, we assessed trends in
nfant survival by BW-GA categories and
hen examined how relative racial differ-
nces in survival had changed. Finally,
e calculated the estimated annual num-
er of excess AA infant deaths for the fi-
al period to quantify the magnitude of

he observed racial disparity.

ATERIALS AND METHODS
he National Center for Health Statis-

ics’ (NCHS) linked live birth-infant
eath cohort files for 1985-1988 and
995-2000 were used for this study. The
les with all personal identifiers removed
re public access files and the use of these
les for research has been deemed as ex-
mpt research by the institutional review
oard at the University of Alabama at
irmingham. Singleton live births to US-
esident mothers with a reported mater-
al race of white or AA were selected for
nalysis. We focus on white and AA
irths as these were the largest racial
roups in the United States during these
eriods. Data on Hispanic births were
ot nationally available for the 1985-
988 period. After these selections, the
tudy sample contained 10,620,735 live
irths from the 1985-1988 birth cohort
nd 21,687,542 live births from the 1995-
000 birth cohort.
Racial differences in the proportions

f live births, infant deaths, and the per-
ent change in the proportions of live

irths between the 1985-1988 and 1995- s

1.e2 American Journal of Obstetrics & Gynecolog
000 birth cohorts were compared
ithin commonly used risk categories of
W (�500, 500-749, 750-1499, 1500-
499, 2500-3999 and 4000� g) and GA
�28, 28-32, 33-36, 37-41, 42� weeks).
W-specific infant mortality rates were
alculated by using 250 g 2-week inter-
als for each racial group.
The ratios of BW-GA–specific infant
ortality rates were calculated both for

ach race group between birth cohort
ears, and for each birth cohort year be-
ween race groups. To minimize the im-
act of small number fluctuation, infant
ortality rates are only provided for

W-GA intervals that approximately fall
bove the first percentile and below the
9th percentile for weight in each GA
ategory. Further, mortality rates are not
eported for any cell containing less than
5 infant deaths.
GA in completed weeks was computed

rom the interval between the first day of
he last normal menstrual period (LMP)
nd the date of birth. Records missing
ate of LMP were imputed on the NCHS
le when there was a valid month and
ear. Clinical estimate of gestation was
sed in the imputation of GA in cases
hen no valid month and year of LMP
as reported. Approximately 4-5% of

he GAs in the 1995-2000 live birth co-
ort were based on clinical estimate of
estation. We conducted the analyses
ith and without the cases based on clin-

cal estimate of gestation and found no
ifferences, therefore we decided to use
he cases with clinical estimate to im-
rove statistical power. Records with im-
lausible or missing values for BW or GA
nd records with a BW value inconsis-
ent with the GA were deleted. Proce-
ures for imputing data and determin-

ng GA-BW inconsistency have been
escribed in detail elsewhere.16

We then calculated a crude estimate of
he annual number of excess AA infant
eaths on the basis of the assumption
hat within a given period the expected
roportion of AA deaths should be equal
o the proportion of AA live births, sim-
lar to the proportions in the white pop-
lation. In 1995-2000, this proportion
as 15.4%. Accordingly, the expected
umber of AA infant deaths was as-

umed to be 15.4% of the observed num- T

y JANUARY 2008
er of total infants deaths. This approach
as further applied to all BW-GA cate-
ories. The estimated number of excess
A infant deaths for the 1995-2000-birth
ohort was calculated by subtracting the
xpected number of deaths from the ob-
erved number of deaths for the total and
or each BW-GA–specific category. The
atio of the observed to the expected pro-
ortion of deaths indicates the magni-
ude and the direction of the difference
etween the observed and the expected
eaths. Annual estimates were derived
y dividing each estimate by 6, the num-
er of years in the 1995-2000 period.

ESULTS
or each race group, part 1 of Table 1
resents the proportion of live births by
ear and BW-GA categories. The per-
entage of births for just BW and GA cat-
gories are provided in the table margins,
abeled “total.” Both race groups exhibit
ncreases in the percent of very LBW in-
ants (�1500 g), with white infants in-
reasing from 0.4-0.6% and AA infants
ncreasing from 1.4-1.9% of all births.
he proportion of moderate LBW

1500-2499 g) infants increased for
hite infants, but slightly declined for
A infants. Similarly, the percent of
oderately preterm (33-36 weeks) in-

ants increased for white infants from
.1-7.2%, but declined for AA infants
12.4-11.7%).

The change in the percent of live births
shown as a ratio) in each BW-GA cate-
ory is provided in part 2 of Table 1.

hite live births in 1995-2000 were 1.57
imes as likely to be �28 weeks gesta-
ional age compared with 1985-1988
irths. Although white infants exhibited
n increase in the birth categories of
8-32 and 33-36 weeks’ gestation be-
ween the periods, AA infants demon-
trated a temporal decline in the propor-
ion of these preterm births (ratios of
.95 and 0.94, respectively). Comple-
entary findings were observed for

BW categories with white infants evinc-
ng a greater increase over time than AA
nfants for these higher-risk births.

The proportion of infant deaths by
W-GA categories is shown in part 3 of

able 1. For both race groups, over time



TABLE 1
Percent of live births and infant deaths for birth weight and gestational age categories by race of mother:
(W) white and (AA) African American 1985-1988 and 1995-2000 single live births to US residents
Part 1: Percent of live births

BW/Gest
Race YR

<28 28-32 33-36 37-41 42� Total

W AA W AA W AA W AA W AA W AA

85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95

4000-8500 0.2 0.2 0.2 0.2 10.1 10.2 4.2 4.8 2.4 1.2 0.9 0.6 12.7 11.6 5.2 5.5
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

2500-3999 0.2 0.2 0.9 0.6 4.4 5.2 8.7 7.6 68.5 72.4 65.5 69.6 9.9 6.0 9.2 6.1 83.1 83.7 84.3 83.8
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

1500-2499 0.1 0.1 0.4 0.5 1.2 1.1 1.5 1.8 3.4 3.7 1.8 1.8 4.0 3.7 0.2 0.1 0.4 0.2 3.8 4.1 9.0 8.8
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

750-1499 0.1 0.1 0.4 0.5 0.2 0.3 0.7 0.8 0.1 0.1 0.2 0.2 0.0 0.0 0.1 0.0 0.0 0.0 0.4 0.5 1.3 1.6
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

500-749 0.0 0.1 0.1 0.3 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.3
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

�500 0.0 0.0 0.0 0.0 0.0 0.0
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Total 0.1 0.2 0.6 0.8 0.9 1.0 2.8 2.6 6.1 7.2 12.4 11.7 80.4 84.2 73.7 77.9 12.5 7.4 10.5 7.0 100.0 100.0 100.0 100.0

Part 2: Change in percent of live births from 1985-1995

<28 28-32 33-36 37-41 42� Total

W AA W AA W AA W AA W AA W AA

Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio

4000-8500 1.06 0.89 1.01 1.14 0.49 0.66 0.91 1.05
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

2500-3999 0.95 0.66 1.18 0.87 1.06 1.06 0.60 0.66 1.01 0.99
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

1500-2499 0.56 1.10 0.91 1.22 1.11 1.00 0.93 0.59 0.59 1.08 0.98
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

750-1499 1.40 1.29 1.41 1.27 1.00 1.00 0.67 0.13 1.00 1.32 1.20
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

500-749 2.00 2.36 2.00 2.50 2.67 2.38
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

�500 2.00 2.00
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Total 1.57 1.40 1.15 0.95 1.18 0.94 1.05 1.06 0.59 0.67

Part 3: Percent of infant deaths

<28 28-32 33-36 37-41 42� Total

W AA W AA W AA W AA W AA W AA

85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95 85 95

4000-8500 0.1 3.2 3.0 1.3 1.3 0.9 0.4 0.3 0.2 4.2 3.5 1.7 1.5
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

2500-3999 0.4 0.5 0.6 0.5 4.8 5.2 4.9 4.1 33.7 32.4 24.4 22.3 5.8 3.2 4.0 2.2 44.7 41.3 34.0 29.0
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

1500-2499 0.2 0.2 0.4 0.2 3.4 3.1 3.2 2.6 5.9 6.2 5.4 5.3 6.4 6.0 5.8 4.5 0.9 0.5 0.7 0.4 16.7 16.1 15.5 13.0
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

750-1499 7.2 5.7 8.8 6.7 5.8 4.6 5.8 4.6 1.8 1.3 1.5 0.9 0.6 0.5 0.6 0.3 15.5 12.2 16.7 12.5
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

500-749 10.5 14.2 17.1 21.0 1.3 1.2 2.2 1.6 11.9 15.4 19.4 22.6
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

�500 6.7 11.3 12.2 20.8 0.2 0.4 0.5 0.6 7.0 11.6 12.7 21.3
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Total 24.7 31.3 38.5 48.4 11.2 9.8 12.2 9.9 12.7 12.9 12.0 10.4 43.8 41.9 32.1 28.4 7.6 4.2 5.2 2.9 100.0 100.0 100.0 100.0

Alexander. Increasing racial disparities in infant mortality. Am J Obstet Gynecol 2008.
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greater proportion of infant deaths oc-
urred among births �28 weeks or
1500 g. For example, in 1995-2000 for

TABLE 2
Birth weight-gestational age speci
single live births to white US resid
BW/Gest 22-3 24-5 26-7

Total 733.3 400.8 178.3
...................................................................................................................

95/85 ratio 0.91 0.7 0.5
...................................................................................................................

5000�
...................................................................................................................

95/85 ratio
...................................................................................................................

4000-4999
...................................................................................................................

95/85 ratio
...................................................................................................................

3750-3999
...................................................................................................................

95/85 ratio
...................................................................................................................

3500-3749
...................................................................................................................

95/85 ratio
...................................................................................................................

3250-3499
...................................................................................................................

95/85 ratio
...................................................................................................................

3000-3249
...................................................................................................................

95/85 ratio
...................................................................................................................

2750-2999
...................................................................................................................

95/85 ratio
...................................................................................................................

2500-2749
...................................................................................................................

95/85 ratio
...................................................................................................................

2250-2499
...................................................................................................................

95/85 ratio
...................................................................................................................

2000-2249 47.2
...................................................................................................................

95/85 ratio 0.9
...................................................................................................................

1750-1999 76.2
...................................................................................................................

95/85 ratio 0.8
...................................................................................................................

1500-1749 80 98.5
...................................................................................................................

95/85 ratio 0.79 0.9
...................................................................................................................

1250-1499 119.5 114.3 90.8
...................................................................................................................

95/85 ratio 0.67 0.63 0.5
...................................................................................................................

1000-1249 196 143.4 102.6
...................................................................................................................

95/85 ratio 0.76 0.51 0.4
...................................................................................................................

750-999 344 265.2 150.7
...................................................................................................................

95/85 ratio 0.66 0.56 0.4
...................................................................................................................

500-749 741.1 473.8 324.2
...................................................................................................................

95/85 ratio 0.87 0.68 0.5
...................................................................................................................

250-749 890.7 757.7 633.8
...................................................................................................................

95/85 ratio 0.95 0.86 0.7
Alexander. Increasing racial disparities in infant mortalit
hite and AA women, respectively, 0.2% w

1.e4 American Journal of Obstetrics & Gynecolog
nd 0.8% of their births were less than 28
eeks’ gestation (from part 1), but
1.3% and 48.4% of their infant deaths

infant mortality rates & rate ratios
t mothers

28-9 30-1 32-3 34-5 3

88.6 44.7 20.9 10.3
.........................................................................................................................

0.52 0.59 0.59 0.66
.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

3.8
.........................................................................................................................

0.55
.........................................................................................................................

3.8
.........................................................................................................................

0.68
.........................................................................................................................

5.7 3.5
.........................................................................................................................

0.85 0.66
.........................................................................................................................

5.9 4.3
.........................................................................................................................

0.98 0.78
.........................................................................................................................

8.1 6.5 5.7
.........................................................................................................................

0.74 0.64 0.75
.........................................................................................................................

9.8 11.1 5.8
.........................................................................................................................

0.85 0.77 0.67
.........................................................................................................................

14.1 16.8 14 8.5
.........................................................................................................................

0.49 0.85 0.81 0.67
.........................................................................................................................

28 35.5 15.7 10.9
.........................................................................................................................

0.62 1.03 0.58 0.68
.........................................................................................................................

58.3 37.1 18.4 15.5
.........................................................................................................................

1.16 0.8 0.61 0.63
.........................................................................................................................

55.3 34.7 23.7 26.4
.........................................................................................................................

0.65 0.67 0.59 0.63
.........................................................................................................................

62 34.8 34.3 45
.........................................................................................................................

0.61 0.5 0.53 0.61
.........................................................................................................................

54 46.3 52.6 64.5 1
.........................................................................................................................

0.43 0.52 0.53 0.57
.........................................................................................................................

70 63.7 76 107.3 1
.........................................................................................................................

0.42 0.39 0.49 0.59
.........................................................................................................................

116.4 124.6 149.1 204
.........................................................................................................................

0.39 0.43 0.48 0.62
.........................................................................................................................

271.4 281.6 305.1
.........................................................................................................................

0.46 0.52 0.48
.........................................................................................................................

637.9
.........................................................................................................................

0.78
J Obstet Gynecol 2008.
ere in this gestational age group com- s

y JANUARY 2008
ared with 24.7% for white women in
985-1988, and 38.5% for AA women.
Tables 2 and 3 present the BW-GA–

95-2000

38-9 40-1 42-3 Total

8 2.5 2.1 2.8 4.9
..................................................................................................................

61 0.64 0.66 0.68 0.65
..................................................................................................................

4 1.8 1.7 1.6 1.8
..................................................................................................................

71 0.58 0.74 0.55 0.67
..................................................................................................................

5 1.5 1.3 1.6 1.4
..................................................................................................................

64 0.65 0.65 0.7 0.64
..................................................................................................................

6 1.4 1.3 1.7 1.5
..................................................................................................................

72 0.67 0.65 0.63 0.68
..................................................................................................................

3 1.6 1.5 1.9 1.6
..................................................................................................................

55 0.67 0.65 0.63 0.62
..................................................................................................................

5 1.8 1.8 2.3 2
..................................................................................................................

63 0.64 0.62 0.64 0.65
..................................................................................................................

2 2.4 2.5 3.4 2.7
..................................................................................................................

64 0.65 0.66 0.71 0.66
..................................................................................................................

1 3.4 3.7 4.3 3.9
..................................................................................................................

6 0.65 0.67 0.61 0.65
..................................................................................................................

9 5.7 6.3 8.2 6.5
..................................................................................................................

66 0.71 0.67 0.68 0.68
..................................................................................................................

4 10.3 13.3 14.7 11.2
..................................................................................................................

64 0.72 0.72 0.66 0.66
..................................................................................................................

2 21.3 30.3 33.3 20.1
..................................................................................................................

67 0.72 0.86 0.67 0.67
..................................................................................................................

7 45.8 53 44.5 31.5
..................................................................................................................

62 0.72 0.73 0.64 0.62
..................................................................................................................

6 74.2 71.3 70.1 45.9
..................................................................................................................

75 0.78 0.71 0.88 0.59
..................................................................................................................

93.4 64.4 36.3 59.1
..................................................................................................................

78 0.86 0.47 0.36 0.52
..................................................................................................................

2 83.7 75.9 55 83.1
..................................................................................................................

63 0.49 0.65 0.38 0.45
..................................................................................................................

173
..................................................................................................................

0.47
..................................................................................................................

498.1
..................................................................................................................

0.69
..................................................................................................................

847.1
..................................................................................................................

0.92
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atios for white infants (Table 2) and AA
nfants (Table 3). As presented in Table
, the total IMR for white infants in

TABLE 3
Birth weight-gestational age speci
single live births to African Americ
BW/Gest 22-3 24-5 26-7

Total 662.9 335.9 166
...................................................................................................................

95/85 Ratio 0.95 0.69 0.6
...................................................................................................................

5000�
...................................................................................................................

95/85 Ratio
...................................................................................................................

4000-4999
...................................................................................................................

95/85 Ratio
...................................................................................................................

3750-3999
...................................................................................................................

95/85 Ratio
...................................................................................................................

3500-3749
...................................................................................................................

95/85 Ratio
...................................................................................................................

3250-3499
...................................................................................................................

95/85 Ratio
...................................................................................................................

3000-3249
...................................................................................................................

95/85 Ratio
...................................................................................................................

2750-2999
...................................................................................................................

95/85 Ratio
...................................................................................................................

2500-2749
...................................................................................................................

95/85 Ratio
...................................................................................................................

2250-2499
...................................................................................................................

95/85 Ratio
...................................................................................................................

2000-2249 33.3
...................................................................................................................

95/85 Ratio 0.9
...................................................................................................................

1750-1999 41.9
...................................................................................................................

95/85 Ratio 0.9
...................................................................................................................

1500-1749 71.7 57.1
...................................................................................................................

95/85 Ratio 0.69 0.8
...................................................................................................................

1250-1499 86.2 79 71
...................................................................................................................

95/85 Ratio 0.64 0.78 0.8
...................................................................................................................

1000-1249 145.2 113.1 81.7
...................................................................................................................

95/85 Ratio 0.74 0.6 0.5
...................................................................................................................

750-999 245.8 193.5 128
...................................................................................................................

95/85 Ratio 0.62 0.56 0.4
...................................................................................................................

500-749 659.9 391.4 322.6
...................................................................................................................

95/85 Ratio 0.85 0.59 0.5
...................................................................................................................

250-749 865 749.8 686.1
...................................................................................................................

95/85 Ratio 0.98 0.83 0.8
Alexander. Increasing racial disparities in infant mortalit
995-2000 was 4.9 and the 0.65 period t
atio reveals a 35% reduction from the
985-1988 rate. Between the periods,
here was approximately a 50% reduc-

infant mortality rates & rate ratios
US resident mothers
28-9 30-1 32-3 34-5 3

80.1 38.7 18.3 10.7
.........................................................................................................................

0.67 0.71 0.74 0.78
.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

4.1
.........................................................................................................................

0.95
.........................................................................................................................

4.7 4.9
.........................................................................................................................

0.73 0.86
.........................................................................................................................

6.3 4.9
.........................................................................................................................

1.07 0.71
.........................................................................................................................

9.7 6.6 5.7
.........................................................................................................................

1.41 0.88 1.04
.........................................................................................................................

9.3 6.5 7
.........................................................................................................................

0.89 0.71 0.79
.........................................................................................................................

12.2 12.1 12.4 9
.........................................................................................................................

0.64 0.78 1.04 0.71
.........................................................................................................................

15.3 18.4 15.1 12
.........................................................................................................................

0.81 0.88 0.75 0.77
.........................................................................................................................

29.8 27.8 19 14.4 1
.........................................................................................................................

0.83 1 0.76 0.72
.........................................................................................................................

32.8 26.5 19.7 22 2
.........................................................................................................................

0.94 0.62 0.64 0.73
.........................................................................................................................

44.3 36 27.2 29.9 4
.........................................................................................................................

0.7 0.64 0.68 0.63
.........................................................................................................................

48.1 38.6 35.5 43 6
.........................................................................................................................

0.68 0.58 0.56 0.59
.........................................................................................................................

62.9 58.9 72.3 59.9 7
.........................................................................................................................

0.51 0.62 0.64 0.47
.........................................................................................................................

96.8 87.9 121.8 88.2
.........................................................................................................................

0.43 0.4 0.6 0.43
.........................................................................................................................

280.4 315.9
.........................................................................................................................

0.5 0.57
.........................................................................................................................

610.9
.........................................................................................................................

0.76
J Obstet Gynecol 2008.
ion in the IMR for infants 26-29 weeks t
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nd 1000-1499 g. Less dramatic reduc-
ions were evident for term and normal
W infants, but even among these births,

95-2000

38-9 40-1 42-3 Total

4.2 3.8 4.7 11.4
..................................................................................................................

0.69 0.67 0.67 0.69
..................................................................................................................

4.2 3.1 4.1 3.9
..................................................................................................................

8 0.56 0.62 0.51 0.61
..................................................................................................................

2.8 2.9 3.1 3
..................................................................................................................

7 0.65 0.76 0.67 0.71
..................................................................................................................

2.8 2.4 2.9 2.8
..................................................................................................................

6 0.72 0.6 0.73 0.7
..................................................................................................................

3 2.8 2.9 3
..................................................................................................................

0.73 0.7 0.59 0.7
..................................................................................................................

3.1 3.1 3.5 3.3
..................................................................................................................

9 0.74 0.74 0.66 0.73
..................................................................................................................

3.3 3.8 4.2 3.8
..................................................................................................................

1 0.65 0.76 0.67 0.7
..................................................................................................................

4.8 4.8 6 5.1
..................................................................................................................

4 0.77 0.67 0.69 0.71
..................................................................................................................

5.7 6.2 8.5 6.9
..................................................................................................................

1 0.63 0.58 0.75 0.67
..................................................................................................................

9.9 10.9 13.5 10.8
..................................................................................................................

1 0.66 0.65 0.71 0.68
..................................................................................................................

16.7 24.8 28 17.6
..................................................................................................................

8 0.78 0.89 1 0.77
..................................................................................................................

32.7 42.3 47.5 25.5
..................................................................................................................

6 0.9 0.83 0.82 0.71
..................................................................................................................

64.8 56 68.5 36.5
..................................................................................................................

2 0.81 0.74 0.8 0.65
..................................................................................................................

55.8 66.3 63.6 45.7
..................................................................................................................

3 0.79 0.72 0.98 0.63
..................................................................................................................

59.5 60.5 71.5
..................................................................................................................

3 0.53 0.54 0.55
..................................................................................................................

140.2
..................................................................................................................

0.49
..................................................................................................................

457.8
..................................................................................................................

0.68
..................................................................................................................

842.1
..................................................................................................................

0.95
fic 19
an

6-7

6.6
......... .........

3 0.7
......... .........

6.9
......... .........

0.8
......... .........

4
......... .........

0.6
......... .........

5
......... .........

1.0
......... .........

4
......... .........

0.8
......... .........

4.2
......... .........

0.7
......... .........

4.5
......... .........

0.7
......... .........

4.9
......... .........

0.6
......... .........

7.1
......... .........

0.7
......... .........

9.1
......... .........

0.6
......... .........

5.8
......... .........

7 0.7
......... .........

7.5
......... .........

0.7
......... .........

3.2
......... .........

4 0.7
......... .........

3.1
......... .........

1 0.8
......... .........

4.2
......... .........

3 0.5
......... .........

......... .........

7
......... .........

......... .........

5
......... .........

......... .........

2

he decline in IMR exceeded 30%.

an Journal of Obstetrics & Gynecology 51.e5



2
r
1
t
a
o
w
f

I
c
t
f
i
2
f
o
i
s
s
d
t
w

I
o
t
g
A
F
c
w
i

e
t
t
c
p
c
2
M
e
(

C
F

A
p
b
H
w
i
i
r
a
r
t
b
t
p
w
w
c
o
i
m
a
m

y. Am

Research Obstetrics www.AJOG.org

5

The total IMR for AA infants in 1995-
000 was 11.4 (Table 3). The 0.69 period
atio indicated a 31% reduction from the
985-1988 rate, which was slightly less
han that observed for white infants. BW
nd GA-specific mortality improved
ver time in every BW and GA category
ith the greater improvements evident

or preterm and LBW infants.
Table 4 shows the ratio of AA/white

MRs for 1995-2000 by BW-GA–specific
ategories. For comparison, the rate ra-
ios for separate BW and GA categories
or 1985-1988 are also provided. Overall,
n 1995-2000 the IMR for AA infants was
.32 times greater than that of white in-
ants and was higher than the rate ratio
bserved for 1985-1988 (2.06). For LBW

nfants, AA infants are still more likely to
urvive than white infants, but the
urvival advantage decreased, which re-
uced the racial disparity in infant mor-
ality risk for these infants. For normal-

TABLE 4
U.S. birth weight-gestational age s
rate ratios by year (1985-88 and 1

BW 22-3 24-5 2

Total 85-88 0.87 0.85 0
...................................................................................................................

Total 95-00 0.9 0.84 0
...................................................................................................................

5000� 95-00
...................................................................................................................

4000-4999 95-00
...................................................................................................................

3750-3999 95-00
...................................................................................................................

3500-3749 95-00
...................................................................................................................

3250-3499 95-00
...................................................................................................................

3000-3249 95-00
...................................................................................................................

2750-2999 95-00
...................................................................................................................

2500-2749 95-00
...................................................................................................................

2250-2499 95-00
...................................................................................................................

2000-2249 95-00 0
...................................................................................................................

1750-1999 95-00 0
...................................................................................................................

1500-1749 95-00 0.9 0
...................................................................................................................

1250-1499 95-00 0.72 0.69 0
...................................................................................................................

1000-1249 95-00 0.78 0.79 0
...................................................................................................................

750-999 95-00 0.73 0.73 0
...................................................................................................................

500-749 95-00 0.89 0.83 1
...................................................................................................................

�500 95-00 0.97 0.99 1
Alexander. Increasing racial disparities in infant mortalit
eight infants, the racial disparity in c

1.e6 American Journal of Obstetrics & Gynecolog
MRs is growing with white infants dem-
nstrating an increasing survival advan-
age. These findings for GA are displayed
raphically in the Figure, which depicts
A/white GA-specific IMR ratios. This
igure highlights the reduction in the ra-
ial disparity for both preterm infants,
hile indicating the increasing disparity

n IMRs for term infants.
Table 5 presents the estimated annual

xcess number of AA infant deaths by to-
al and BW-GA categories. It is estimated
hat 3303 excess AA infant deaths oc-
urred annually during the 1995-2000
eriod. Slightly more than 20% of the ex-
ess deaths occurred to infants who were
500 g or greater or at term or beyond.
ore than two-thirds of the estimated

xcess deaths were among very LBW
and very preterm) infants.

OMMENT
or this study population, IMRs de-

cific infant mortality African Americ
5-2000)

28-9 30-1 32-3 34-5 36-7

0.71 0.72 0.7 0.88 1.19
.........................................................................................................................

0.9 0.87 0.88 1.04 1.38
.........................................................................................................................

1.57
.........................................................................................................................

1.6
.........................................................................................................................

1.08 1.92
.........................................................................................................................

0.82 1.4 1.74
.........................................................................................................................

1.07 1.14 1.68
.........................................................................................................................

1.2 1.02 1 1.41
.........................................................................................................................

0.95 0.59 1.21 1.2
.........................................................................................................................

0.87 0.72 0.89 1.06 1.2
.........................................................................................................................

0.55 0.52 0.96 1.1 0.97
.........................................................................................................................

0.51 0.75 1.03 0.93 0.87
.........................................................................................................................

0.59 0.76 0.83 0.83 0.87
.........................................................................................................................

0.71 1.03 0.79 0.66 0.67
.........................................................................................................................

0.89 0.83 0.67 0.67 0.59
.........................................................................................................................

0.9 0.92 0.95 0.56 0.6
.........................................................................................................................

0.83 0.71 0.82 0.43
.........................................................................................................................

1.03 1.12
.........................................................................................................................

0.96
J Obstet Gynecol 2008.
lined over time for both race groups. s

y JANUARY 2008
A women continue to have higher
roportions for preterm and LBW
irths compared with white women.
owever, this disparity is decreasing as
hite infants exhibit greater increases

n the LBW rates. At the same time, AA
nfants continue to experience lower
isks of infant mortality for preterm
nd LBW infants, while having higher
isks of mortality among term, post-
erm, normal BW, and macrosomic
irths. However, the AA advantage in
he survival of higher-risk LBW and
reterm infants is diminishing,
hereas the survival advantage for
hite infants at term and beyond is in-

reasing. These factors underlie the
verall increasing AA/white disparity

n infant mortality and represent a
atter of serious concern, particularly

s the AA/white disparity in infant
ortality appears to be growing de-

/white

8-9 40-1 42-3
TOTAL
95-00

TOTAL
85-88

.56 1.78 1.71
..................................................................................................................

.68 1.81 1.68 2.32 2.06
..................................................................................................................

.33 1.82 2.56 2.17 2.17
..................................................................................................................

.87 2.23 1.94 2.14 1.91
..................................................................................................................

1.85 1.71 1.87 1.82
..................................................................................................................

.88 1.87 1.53 1.88 1.65
..................................................................................................................

.72 1.72 1.52 1.65 1.45
..................................................................................................................

.38 1.52 1.24 1.41 1.31
..................................................................................................................

.41 1.3 1.4 1.31 1.2
..................................................................................................................

0.98 1.04 1.06 1.08
..................................................................................................................

.96 0.82 0.92 0.96 0.95
..................................................................................................................

.78 0.82 0.84 0.88 0.76
..................................................................................................................

.71 0.8 1.07 0.81 0.71
..................................................................................................................

.87 0.79 0.98 0.8 0.72
..................................................................................................................

.6 1.03 1.75 0.77 0.64
..................................................................................................................

.71 0.8 0.86 0.71
..................................................................................................................

0.81 0.77
..................................................................................................................

0.92 0.94
..................................................................................................................

0.99 0.96
pe an
99

6-7 3

.78 1
......... .........

.93 1
......... .........

2
......... .........

1
......... .........

2
......... .........

1
......... .........

1
......... .........

1
......... .........

1
......... .........

1
......... .........

0
......... .........

.71 0
......... .........

.55 0
......... .........

.58 0
......... .........

.78 0
......... .........

.8 0
......... .........

.85
......... .........

......... .........

.08
pite ongoing reduction efforts.



i
l
m
A
p
p
r
f
d
t
t
f

t
i
h

t
L
t
r
o
r
g
d
a

I
t
b
i
a
p
i
t
l
r
a
v
n
n
o
a
l
i
n
l
p
s
t
e
w
a
m
v
h
c
v

w
t
b
t

A

www.AJOG.org Obstetrics Research
We found that the rising racial dispar-
ty in infant mortality rates is being
argely driven by differential improve-

ents in BW and GA-specific survival.
lthough racial differences in the pro-
ortion of very LBW (VLBW) and very
reterm births continue to play a major
ole in the existing racial disparity in in-
ant mortality, changes in BW and GA
istributions for each race group are not
he major underlying determinants of
he increasing racial disparity in US in-
ant death rates. The ongoing increase in

FIGURE
African American/white gestationa
ratios 1985-1988 and 1995-2000 (

lexander. Increasing racial disparities in infant mortality. A

TABLE 5
Estimated annual excess African A

BW-GA
groups

<28 28-32

%
deaths

O/E
ratio

#
(%)

%
deaths

O/E
ratio

4000-8500
...................................................................................................................

2500-3999 30.5 1.98
...................................................................................................................

1500-2499 33.3 2.16 8 (0.2) 27.4 1.78
...................................................................................................................

750-1499 34.4 2.24 242 (7.3) 30.9 2
...................................................................................................................

500-749 39.7 2.58 840 (25.4) 37.5 2.44
...................................................................................................................

�500 45.2 2.94 898 (27.2) 41.7 2.71
...................................................................................................................

Total 41 2.7 1988 (60.2) 31.3 2
...................................................................................................................

The expected # of AA infant deaths is based on an assumptio
the # of AA infant deaths/the # of total U.S. � infant deaths;
annual excess # of AA infant deaths [annual observed # death
age category.
Alexander. Increasing racial disparities in infant mortality. Am
he mortality disparity is fueled by better
mprovements in the survival of white
igh-risk infants.
There are several possible explana-

ions for the increasing proportions of
BW and preterm births observed in
hese data. These include changes in vital
ecord reporting, (ie, very small infants
nce reported as fetal deaths now being
egistered as live births), in sociodemo-
raphic risks disparities, and in the inci-
ence of multiple births (although our
nalysis was limited to singletons).3,17-20

ge–specific infant mortality rate
resident births)

Obstet Gynecol 2008.

erican infant deaths single live birth
33-36 37-41

)
%
deaths

O/E
ratio

#
(%)

%
deaths

O/E
ratio # (%)

16 1.04 3 (
.........................................................................................................................

15 (0.5) 26.3 1.71 112 (3.4) 23.6 1.53 509 (
.........................................................................................................................

75 (2.3) 27.5 1.79 152 (4.6) 25.2 1.63 115 (
.........................................................................................................................

51 (4.6) 24.1 1.56 22 (0.7) 23.4 1.52 7 (
.........................................................................................................................

63 (1.9)
.........................................................................................................................

27 (0.8)
.........................................................................................................................

31 (10.0) 26.6 1.7 286 (8.7) 23.4 1.5 634 (
.........................................................................................................................

A infant deaths representing 15.4% of the total # of US infant d
atio, % deaths [observed]/% expected deaths [15.4%: based on
annual expected # deaths]; %, the % of the total estimated annu
J Obstet Gynecol 2008.
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t has also been proposed that earlier
herapeutic delivery or induction of la-
or may also play a major role in increas-

ng LBW and preterm percent-
ges.3,7,8,20,21 Early and adequate use of
renatal care, combined with advances

n medical care (eg, steroids and surfac-
ant) may lead to an early therapeutic de-
ivery for women with identified high-
isk conditions. This early identification
llows for the lifesaving use of newly de-
eloped medical interventions and tech-
ologic tools in high-risk obstetric, peri-
atal, and neonatal care.3,7,8,22-24 In the
bstetric arena, prenatal corticosteroids
nd intrapartum antibiotics have been
inked to reductions in neonatal morbid-
ty and mortality.25-28 Advances in neo-
atal care include high-frequency venti-

ation, surfactant, and the use of
ostnatal steroids.26,29-31 Some re-
earchers have suggested that certain
herapies, such as surfactant, have differ-
ntially benefited LBW white infants
ho may be relatively more immature

nd are known to be at greater risk of
ortality.5,6,37,33 At the same time, racial

ariations in access to tertiary perinatal
ospital care may be a factor, although
lear evidence has not emerged from in-
estigations of this theory.34

In some parts of the country, AA
omen may be more likely to deliver in a

ertiary care center than white women,34

ut further investigation will be needed
o establish the extent to which racial

o US resident mothers 1995-2000
42-44 Total

%
deaths

O/E
ratio # (%)

%
deaths

O/E
ratio # (%)

16.4 1.07 1 (0.02) 16.1 1.04 4 (0.1)
..................................................................................................................

23.6 1.53 50 (1.5) 24.1 1.56 686 (20.8)
..................................................................................................................

28.5 1.85 13 (0.4) 26.7 1.74 362 (11.0)
..................................................................................................................

31.7 2.06 423 (12.8)
..................................................................................................................

39.5 2.57 903 (27.3)
..................................................................................................................

45.1 2.93 925 (30)
..................................................................................................................

23.8 1.6 64 (1.9) 31 2 3303 (100)
..................................................................................................................

in each birth weight-gestational age category. % deaths,
of total U.S. live births to AA mothers]; #, the estimate

cess AA infant deaths within each birthweight-gestational
l a
US

m J
m s t

#
(%

0.1)
......... .........

15.4)
......... .........

3.5)
......... .........

1 0.2)
......... .........

......... .........

......... .........

3 19.2)
......... .........

n of A eaths
O/E R the %
s � al ex
an Journal of Obstetrics & Gynecology 51.e7
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ariations in access to high-risk obstetric
nd neonatal care exists, has changed
ver time, and the extent to which this
as influenced trends in infant mortality.

recent investigation of prenatal care
se by race groups in the United States
evealed that racial disparities in early,
dequate and intensive use of prenatal
are were reduced during the 1990s.36

lthough standard prenatal care alone is
o longer widely advocated as an effec-

ive means to reduce very preterm
irth,37-39 it may play a very important
ole in assuring access to a risk-appropri-
te level of medical care, thereby helping
o improve infant survival for all racial
roups.
The accuracy, completeness, and lim-

tations of reporting GA on US vital
ecords and linking live birth and infant
eath certificates have been well docu-
ented.40-42 This previous research has

ndicated that the reporting of GA on
irth certificates may be subject to in-
reasingly greater inaccuracies at GAs
37 weeks. In this study, we have at-

empted to eliminate some of these po-
entially inaccurate values by removing
ases with inconsistent GA-BW values.
evertheless, there is the possibility that

here are some preterm cases in which
he GA value is incorrect. As a result, the
W-GA–specific IMRs may be underes-

imated for large-for-GA preterm new-
orn infants.
Further, it should be emphasized that

he BW-GA–specific IMRs provided in
his report are based on crude mortality
ates for each race group and have not
een standardized to control for group
ariations in maternal risk characteris-
ics. Although beyond the scope of this
nvestigation, similar analyses of trends
n racial disparities in mortality by BW
nd GA categories are needed that take
nto account sociodemographic, behav-
or, and other risk factors.

What also remains unresolved by these
ata is what allows racial disparities in in-

ant mortality to persist and increase for
ormal BW and term infants. The reasons
nderlying these marked and growing dis-
arities are unclear, but a proportion of
hese deaths may be avoidable. Part of the
eason may be explained by the higher co-

orbidities that complicate AA women, a

1.e8 American Journal of Obstetrics & Gynecolog
uch as hypertension and obesity. Atten-
ion needs to be directed to this area as it
nvolves nearly 20% of the total racial dis-
arity in IMRs. Moreover, an added focus
n addressing racial disparities in infant
ortality in normal and macrosomic BW

nfants may yield new and important in-
ights regarding the role of environmental
tressors and health care delivery
haracteristics.

Finally, a continued focus on the causes
nd prevention of very preterm births is
ecessary; although, the slow advance of
esearch in providing definitive answers is
rustrating. States, communities, and pro-
iders must remain vigilant in their efforts
o assure timely access to high-quality,
isk-appropriate prenatal services. But,
ntil effective preterm prevention strate-
ies emerge, dramatic reductions in these
acial disparities should not be expected in
he near future. Indeed, racial disparities in
nfant mortality may continue to increase
n the short term.32,35 f
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