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ABSTRACT

AN INVESTIGATION OF RACIAL DISPARITIES IN INFANT MORTALITY

ACROSS THE UNITED STATES: THE ROLES OF SOCIO-DEMOGRAPHIC

FACTORS, BIRTH AND FETAL DEATH REGISTRATION

AND PERINATAL REGIONALIZATION

By

Crystal Pirtle Tyler

Objective: To determine the effect of racial inequalities in sociodemographic factors,

state fetal death registration requirements and reporting of non-viable births and perinatal

regionalization, defined as birth hospital level and neonatal intensive care unit (NICU)

transfer, on nationwide variation in racial disparities in infant mortality (IM).

Methods: National Center for Health Statistics (NCHS) live birth and linked infant

death records from 2000-2002, US. Bureau of the Census, 2000 Census of Population

and Housing, and Michigan Department of Community Health live birth and linked

infant death vital records from 1996-2006 were used to examine absolute

(black IM / white IM) and relative (black IM —— white IM) racial disparities in IM rates.

Results: Absolute and relative U.S. disparity measures were 6.99 per 1,000 live births

and 2.42, respectively. The absolute disparity measure was highly correlated with black

IM (r = 0.91) but not white IM (r = -0.03), while the relative measure was correlated with

both black IM (r = 0.57) and white IM (r = -O.51). Compared to racial inequalities in

other infant, maternal and state risk factors, inequalities in the proportion of very low

birthweight births were most correlated with disparities in IM. Mortality rates and racial

disparities were the highest among states with birthweight only fetal death reporting

criteria and among states with the highest proportion of non-viable births recorded in

birth certificates (RR=1.22; 95% CI=l .17-1 .37). The largest proportion of this difference



was accounted for by births S 22 weeks gestation (RR=1.71; 95% CI=l .43-2.04). The

case study in Michigan found that the majority of infants were born at a level 3 hospital.

The highest IM rates were seen among extremely preterm infants born at level 1 hospitals

compared to their level 3 counterparts (level 1 = 465.3 per 1,000 live births; level 3 =

363.9 per 1,000 live births) and among extremely preterm level 1 white births compared

to their black counterparts (white = 506.1 per 1,000 live births ; black = 383.3 per 1,000

live births). Extremely preterm black infants who were born at a level 1 hospital and

subsequently transferred to the NICU had a significantly decreased risk of infant death,

compared to their white counterparts (RR=0.41; 95% CI=O.26-O.66).

Conclusion: Racial inequalities in the proportion of very low birthweight and very

preterm infant births along with state differences in reporting very low birthweight and

very preterm births were consistently associated with national variation in IM disparities.

Racial inequalities in perinatal regionalization did not account for higher infant or

neonatal mortality rates among black infants. A uniform definition of fetal death should

be adopted to reduce systematic differences in the reporting of live births and fetal

deaths, especially among deaths 5 22 weeks gestation. Efforts should be made to reduce

rates of extremely preterm and extremely low birthweight births where mortality rates

and racial disparities in risk of adjusted mortality were the highest and state disparities

were more correlated.
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CHAPTER 1: INTRODUCTION

Improving our understanding of the burden and epidemiology of racial differences in

infant mortality (IM) is the primary focus of this research. A special emphasis will be

placed on statewide variation in racial differences in IM rates at the national level by first

focusing on differences between state level population characteristics and socioeconomic

factors and second to differences in fetal death reporting policies and practices. A case

study of perinatal regionalization in the State of Michigan and its impact on racial

differences in IM rates will also be presented.

1.1 Overview of the Burden and Epidemiology of Infant Mortality

1.1.1 Definition of Infant Mortality

The National Center for Health Statistics defines IM as any death which occurs

between birth and 364 days of age. The IM rate therefore is the number of deaths among

infants less that 1 year of age divided by the total number of live births and is expressed

per 1,000 live births. The US. IM rate in 2004 was 6.8 infant deaths per 1000 live births

[1, 2].

As with many diseases and conditions in the United States, there are racial differences

in IM rates. These racial differences are commonly referred to as disparities because the

term embodies both inequality (ie. differences in the health status between two groups)

and inequity (ie. systematic differences between two groups with different social

advantage). Although IM rates have declined for all races during the 20th century, there

are substantial disparities among racial groups [3]. Slower IM declines among blacks

compared to whites have led to a 25% increases in disparities in the US. [1, 2]. For

example, in 1980, the IM rate among whites in the United States was 8.7 per 1,000 live





births compared to an IM rate of 16.5 per 1,000 live births among blacks [4], meaning

blacks were 1.90 times as likely as white infants to die during the first year of life. On the

other hand in 2005, the white IM rate was 5.7 per 1,000 live births compared to the black

IM rate of 13.6 per 1,000 live births, meaning blacks were 2.39 times as likely as whites

to die during the first year of life (Figure 1) [5].

Figure 1.1. Trends in infant mortality rates (per 1,000 live births), United States

1975-2000.
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1.1.2 Causes of Infant Mortality

The leading causes of IM among United States infants in 2004 are listed in Table 1.

In descending order, causes include: congenital malformations, conditions related to short

gestation, sudden infant death syndrome, maternal complications of pregnancy, accidents,

maternal complications of the placenta, respiratory distress syndrome, bacterial sepsis,

neonatal hemorrhage, and diseases of the circulatory system [6]. These 10 leading causes



of death accounted for 69% of all infant deaths in 2004. Studies have shown that vital

statistics data may underreport or incorrectly report variables such as cause of death [7]

and recommend cautious interpretation [8]. Common problems with cause of death data

include the reversal of underlying vs. proximate causes or if the cause of death is

unknown, sudden infant death syndrome (SIDS) is frequently used. For this reason,

Krous et a1 (2004) describe SIDS as a “term that has been used to describe unexpected

deaths of infants or young children when subsequent interventions fail to demonstrate a

definite cause of death” [9].

Table 1.1 Deaths and percentage of total deaths for the 10 leading causes of infant

death: United States, 2004.

 

 

 

 

 

 

 

 

 

 

 

     

Cause of Death?“ Rank Deaths Percent

All causes] -- 27,936 100.0

Congenital malformations, deformation and chromosomal 1 5,622 20.1

abnormalities

Disorders related to short gestation and low birthweight, not 2 4,642 16.6

elsewhere classified

Sudden infant death syndrome 3 2,246 8.0

Newborn affected by maternal complications ofpregnancy 4 1,715 6.1

Accidents (unintentional injuries) 5 1,052 3.8

Newborn affected by maternal complications of the placenta, 6 1,042 3.7

chord and membranes

Respiratory distress of newborn 7 875 3.1

Bacterial sepsis of newborn 8 827 3.0

Neonatal hemorrhage 9 6 1 6 2.2

Diseases of the circulatory system 10 593 2.1
 

*Based on the International Classification of Diseases, Tenth Revision, 1992

'I'Data from the NCHS [6]

Differences in cause of death rates differ by race with black infants more likely to die

from disorders related to short gestation and SIDS and white infants more likely to die

from congenital malformations (Table 2).

 



Table 1.2. Racial differences in cause specific infant mortality rates: United States,

2004.

 

 

 

 

Mortality RateT
a:

cause 0f Death Total White Black RRT

All causes 677.5 566.1 1,359.6 2.4

Congenital malformations, deformation and 137.1 129.3 167.4 1.3

chromosomal abnormalities
 

Disorders related to short gestation and low birthweight, 112.1 77.1 297.2 3.9

not elsewhere classified
 

 

      

Sudden infant death syndrome 54.6 54.0 110.9 2.1

Newborn affected by maternal complications of 41.5 32.2 103.1 3.2

_pggnancy

Accidents 25.6 25.6 46.8 1.8  
 

* Cause of death information is based on the International Classification of Diseases,

Tenth Revision, 1992. Data are from the National Vital Statistics Reports [6].

1‘ Mortality rate per 1,000 live births

I RR=relative risk (Black to White).

1.1.3 Timing of Death

Depending on the time at which IM occurs, it can be categorized as neonatal

mortality or postneonatal mortality. Neonatal mortality is defined as infant death

between 1 and 27 days and is primarily related to maternal exposures and conditions

arising in pregnancy. As a result, low birthweight (<2500 grams) and very low

birthweight births (<1500 grams) account for the majority of deaths during this time

period [10]. Since birthweight is a representation of gestational age and grth in-utero,

prematurity and intrauterine grth restriction are two factors which contribute

significantly to neonatal mortality [11]. At times, neonatal mortality is further dissected

into early neonatal mortality, defined as deaths between 1 and 6 days of life.

Postneonatal mortality is defined as infant death between 28 and 364 days of life.

Postneonatal mortality in developed countries primarily results from sudden infant death

syndrome, infections and homicide [12], but can also result from the late effects of

congenital malformations and preterm delivery. Although maternal exposures and
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conditions may contribute to postneonatal mortality rates, these rates primarily reflect

infant exposures and experiences after birth. Postneonatal mortality may also include

effects of postponing deaths which would have occurred during the neonatal period but

were delayed because of medical intervention.

1.1.4 Maternal Behavioral Influences

There are a number of maternal factors that are associated with an increased risk of

IM, including little or no prenatal care, low socioeconomic position, alcohol use and

tobacco use during pregnancy [6]. These risk factors act independently and interactively

to influence antecedents to IM such as reduced fetal grth and premature birth, the

latter of which can lead to a twofold risk in IM [10].

The adequacy of prenatal care received by the mother, based on number and timing of

prenatal care visits relative to infant gestation, is associated with 1M in a number of ways.

The American College of Obstetricians and Gynecologists recommend that all pregnant

women initiate prenatal care in the first trimester and continue care at specified intervals

throughout pregnancy [13]. Research into the role of prenatal care in IM risk primarily

centers around whether prenatal care itself plays a part in reducing IM risk or if reduction

in IM risk is due to characteristics of mothers who initiate prenatal care early [14]. For

example, Poma (1999) found that infants whose mothers did not receive prenatal care

were significantly more likely to die than infants who received adequate prenatal care

(OR=4.07; 95% CI=3.74-4.43). Poma et al also found that mothers who did not receive

prenatal care were more likely to have other risk factors such as smoking and medical

complications [15]. Racial patterns prenatal care closely mirror those of IM rates with

blacks more likely than whites to have inadequate or late prenatal care. Furthermore,



when IM is examined by trimester of prenatal care initiation, blacks have the highest

rates of IM, regardless of timing of prenatal care [6].

Risky maternal behaviors such as smoking and alcohol use also put the infant at

increased 1M risk. Infants born to women who smoke during pregnancy have a 40%

higher IM risk than infants whose mother didn’t smoke [16]. Smoking can contribute to

IM risk through SIDS, fetal growth restriction and premature rupture of membranes. The

risk of each of these factors increases with the number of cigarettes smoked [16]. The

race specific effect of smoking is difficult to understand because it differentially

influences IM risk across different racial groups. For example, among children of white

women, smoking during pregnancy is associated with an 85% increase in [M risk, while

it is only associated with a 53% risk among children of black women who smoke [17].

This racial difference in risk could be due to racial differences in the causal pathway from

smoking to IM.

Maternal moderate and heavy alcohol use are associated with poor pregnancy

outcomes such as fetal alcohol syndrome fetal growth restriction and preterm delivery

[18]. Self-reported alcohol use during pregnancy indicate that while overall rates are low

(0.8% in 2002) and similar between blacks and whites (0.9% and 0.8%, respectively)

[19]. One of the best protections that a mother can offer against poor pregnancy

outcomes such as low birthweight, preterm birth and IM is to actively plan for pregnancy

and enter into pregnancy with as few medical and behavioral risk factors as possible.



1.1.5 Importance of Understanding Racial Disparities in Infant Mortality: Racial

Composition

A health disparity is the quantity that separates a group from a specified reference

point on a particular measure of health that is expressed in terms of a rate, percentage,

mean or some other quantitative measure [20]. The term health disparity is almost

exclusively used in the United States, while the terms ‘health inequity’ and ‘health

inequality’ are more commonly used outside of the United States [21]. Reasons for this

difference in terminology primarily center on whether a judgment of what is avoidable

and unfair is included, and how these judgments are made.

In the US. public health field, use of the term ‘health disparity’ generally takes on the

implication of injustice, but can still be separated from general inequalities in health. A

health disparity should be viewed as a chain of events characterized by differences in

environment, access to or quality of care or health status [21]. Whitehead defines seven

determinants of health disparities as a) natural, biological variation; b) health damaging

behavior that is freely chosen; c) the transient health advantage of one group over another

when one group is first to adopt a health promoting behavior (as long as other groups

have the means to catch up fairly soon); d) health damaging behavior in which the degree

of choice of lifestyles is severely restricted; e) exposure to unhealthy, stressful living and

working conditions; i) inadequate access to essential health services and other basic

services; g) natural selection, or health related social mobility, involving the tendency for

sick people to move down the social scale [22]. The first three categories in this

classification are usually viewed as unavoidable and fair, while the last four categories



are viewed as avoidable and unfair. Racial inequalities in either of the categories (but

especially the last four) are the prime focus of health disparity research.

In addition to worldwide variation in terminology, concrete definitions and methods,

which are critical to the health disparity research field, are the center of much debate. In

general health disparities are measured by comparing the health of one population

(disadvantaged) with the health of another population (referred to as the reference

population). Although a reference point can be arbitrarily chosen based on researcher

preference, choice of reference has important implications for intervention and policy.

Comparisons can either be made to groups (between- or within-group measures), relative

to a summary measure (population mean or standard deviation), or based on a standard

(ie. Healthy People 2010 goal) [20]. When between-group comparisons are made, the

reference can be the group with the largest number of people. This could be beneficial

because the largest group would have the most stable rate. Between-group comparisons

could also be made the ‘best’ rate as the reference point (best could be defined as the

highest or lowest rate depending on the outcome). Best rate comparisons may be

convenient because comparisons with all other groups would be in the same direction.

For within group comparisons, the reference is based on an internal scale of

measurement. This method could account for culturally relevant differences between

groups, but only provides an indirect measure of health disparity. In large, diverse

populations, the mean of the population could be used as a reference for a small group.

The mean would be less subject to variation over time, but it could be subject to outlying

population rates. Finally, a health standard or target could be used as a reference because



it doesn’t have sources of random variation associated with it. Despite the reference

choice, it has to be clearly specified in order for the disparity measure to have meaning.

While a number of disparity measures exist, each is based on its own assumptions and

therefore requires its own scientific interpretation [23-25]. A number of potential

disparity measures have been proposed but a clear consensus on the best type of

measurement (relative or absolute) is best has not been achieved [5, 20, 23-27]. Disparity

ratios (DR) are a commonly used relative measure for quantifying inequality between two

groups [20, 24-26, 28, 29]. In this research, the DR is the ratio of black IM to white IM

and its meaning can vary depending on the rates of those groups. For example, a high DR

can be due to a high black IM rate, a low white IM rate, or a combination of the two. In

contrast, a low DR can be due to a low black IM rate, a high white IM rate or a

combination of the two. In 1980, the black/white disparity ratio in 1M was 1.90 and in

2005, the black/white disparity ratio was 2.39, but in order to gain meaning from these

DRs it is important to know the race-specific composition of the ratios and if it varies

over time.

The absolute disparity difference (DD) is the difference between the black IM rate

and the white IM rate (ie. black IM — white IM). The DD reflects the actual (absolute)

size of the disparity by indicating how large a proportion of the disadvantaged group is

affected by the outcome. It can also be used to make comparisons across health

indicators, regardless-of unit of measurement [5, 20, 24]. From 1980 to 2005, the black-

white DD in IM was similar (ie. 7.8 excess deaths per 1,000 live births and 7.9 excess

deaths per 1,000 live births, respectively). When comparing the relative to the absolute

measure, the DR depends heavily on the baseline level of the measure of interest, while



the DD depends heavily on the overall rate of disease. Larger DDS are seen when overall

rates of disease are average and smaller differences are seen at the extremes [24, 26].

With the 1980 and 2005 IM rates, the same absolute decrease in white and black

mortality rates affects the DR but not the DD. Equally, the same proportion increase in

white and black mortality rates would be reflected in a change in the DD, but not in the

DR. In general, absolute and relative measures lead to similar results when applied to the

same measure at one point in time, but can lead to different conclusions when

comparisons are made at multiple points over time [21]. In an ideal situation, both the

difference and ratio would be measured simultaneously to enable the most meaningful

interpretation of health disparity data.

Currently, we don’t know if racial disparities in IM are composed of high black IM

rates, low white IM rates, or both. We also don’t know if there is geographic variation in

the racial composition of disparities in 1M across the US. In order to effectively reduce

racial disparities in IM, it will be important to determine the underlying race-specific

rates that comprise these disparities.

1.2 Three Key Exposures in Relation to Infant Mortality

State-level differences in IM have been apparent since the 19503 [30], with regional

and statewide variations within and between racial groups [4, 6, 29, 31-36]. While

studies have shown that southern states average the highest overall IM rates [29],

racial/ethnic disparities in IM are greatest among states in the north central region of the

US. [6]. In 2004, state-level DRs ranged from 1.42-3.48 with black infants nearly four

times as likely as their white counterparts to die during the first year of life in some

states. Little is understood about the cause of these state-level differences in IM rates and
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disparities. States vary in population risk characteristics, prevalence of LBW, and

geographic obstacles to delivery in care [4]; but these factors have not been well

examined in relation to disparities. The areas of sociodemographic factors, reporting of

fetal and infant deaths and perinatal regionalization have received little attention in

relation to state-level variation in IM disparities; especially in relation to the racial

composition of disparities.

1.2.1 Social Influences

Socioeconomic factors such as education and income, differences in cultural norms

and practices, and institutionalized racism [3 7], are thought to be major contributors to

racial disparities in IM. Nearly parallel reductions in IM rates among all racial groups

coupled with increases in racial disparities, suggest that factors which influence racial

disparities in IM may differ from factors associated with IM rates over time. For

example, black infants are more likely to be born preterm or with a low birthweight than

white infants [3 8], which accounts for a large proportion of the black/white disparity in

infant mortality. But, while conditions related to short gestation account for a large

proportion of IM, black low birthweight infants have improved survival, compared to

their white counterparts [39]. In contrast, normal birthweight black infants are

considerably more likely to die before the age of one than their white counterparts [12].

Black/white differences in IM persist even after classification on socioeconomic risk

factors. In 1992, Schoendorf et al found that black infants born to college educated

mothers have higher IM rates than white infants with similarly educated mothers [3 7].
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Furthermore, infants of black college educated women have higher IM rates than do

infants of white women with less than a high school education [37].

Since the early 20th century, researchers have observed a link between standard of

living and morbidity and mortality [40]. The general theory states that social factors,

such as societal transitions in economic conditions, urbanization, improved sanitation,

and improvement in the status of women, have been primarily responsible for reducing

mortality rates [41]. A number of researchers have speculated that socioeconomic and

political empowerment may have a beneficial impact on maternal health status, and that

the disparity in IM is a reflection of underlying political inequality [41, 42]. Based on

this hypothesis, if differences in mortality are reflections of powerlessness, where certain

groups (ie. minorities) have economic and political power, mortality rates should be

lower. Bird and Baurnan (1995) found that a substantial portion of the variance in state

level 1M is accounted for by state structural characteristics such as the proportion black,

Proportion with greater than a high school degree and proportion with income below the

Poverty level [33]. Furthermore, this same study found that structural variables accounted

for more variance in state level IM rates than health services variables such as the number

0f physicians, proportion without health insurance and proportion receiving late or no

Prenatal care. States vary in structural sociodemographic characteristics; although racial

inequalities in these factors have not been well examined in relation to racial disparities

in infant mortality. In addition, comparisons of different disparity measures have not

been made in relation to state level disparities in IM. The interaction of socioeconomic

factors with race poses a challenge when separating the effect of these factors on racial
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disparities in IM. Identifying populations at high risk of IM requires simultaneously

examining race and socioeconomic factors.

Critiques of state level, ecologic analyses of the effects of social factors on health

outcomes usually cite ecologic fallacies (ie. the conceptual model being tested

corresponds to the individual but the data used are in aggregate or group form), residual

confounding (ie. partial or incomplete control for variables of interest) or over controlling

(ie. controlling mediators in the causal pathway) as methodological issues. While these

critiques are relevant to a number of research questions, not all ecologic rsearch studies

attempt to make individual inferences based study results (ie. Bird et al, 1995) [33].

Furthermore, as with individual level analyses, ecologic analyses require methods to

ensure proper statistical control (ie. not adjusting for mediators on the causal pathway).

1 .2.2 Reporting Differences

Variation in the completeness and accuracy of reporting fetal and infant deaths can

influence racial disparities in both fetal and infant mortality rates [43]. Although all

States require the reporting of a live birth regardless of the length of gestation or weight,

there is considerable variation in reporting criteria for fetal deaths.

The 1992 revision of the Model State Vital Statistics Act and Regulations

rec(I’rnmended the following definition of fetal death: “. . .death prior to the complete

expulsion or extraction from its mother of a product of human conception. . .after such

expulsion or extraction the fetus does not breathe or show any evidence of life... ” [44].

IInprecision in recognizing or acknowledging very brief and faint signs of life may lead

to SYStematic variations in reporting a delivery as a live birth and subsequent infant death

Versus a fetal death [43]. Because there is only a recommended definition of fetal death,

13



systematic variation appears in state reported rates of very low birthweight fetal deaths.

Studies have examined the effect of reporting differences on proportion low birthweight

[45, 46], racial differences in perinatal mortality [43], and neonatal mortality [3 6].

Although there is conflicting evidence on the effect of reporting differences on state-level

differences in perinatal outcomes, Wingate (2006) found that there may be

underreporting of very low birthweight fetal deaths and recommended further analyses to

establish if black fetal death rates are underreported [43]. Due to the systematic

differences in state reporting of perinatal deaths, it is reasonable to suspect that

misclassification of low birthweight infants as fetal deaths by certain areas (or vice versa)

, could lead to state differences in overall IM rates and/orpracial disparities in IM.

1.2.3 Perinatal Regionalization

Extremely preterm infants born in hospitals with neonatal intensive care units (NICU)

or transferred to such centers immediately after birth have lower mortality and morbidity

rates than comparable infants born in other settings [47]. The process of perinatal

regionalization involves a “regionally coordinated system focusing on levels of hospital-

based perinatal care” and has been shown to improves outcomes for both mothers and

newborns [48]. Perinatal regionalization incorporates the use of maternal and/or infant

transport services to ensure that low birthweight or at-risk infants are inborn or promptly

transferred to appropriate facilities (preferably with NICUs), regardless of where their

mother initially sought obstetrical care [49]. This system evolved to increase the number

of mothers and infants who had access to neonatologists, obstetricians and pediatricians.

Furthermore perinatal regionalization offered improved health care for mothers and

infants and has been adopted by many states and hospital systems [50].
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In 1976, the March of Dimes Committee on Perinatal Health designated three levels

of perinatal care. The three basic levels as described in the latest American Academy of

Pediatrics (AAP)/American College of Obstetricians and Gynecologists (ACOG)

guidelines are as follows: level 1 hospitals are able to treat newborns without obstetric

complications and do not have a NICU; level 2 hospitals are able to treat moderately ill

newborns and they may or may not have a NICU; level 3 hospitals always have a NICU

and are able to treat the highest risk infants [48]. Recently, level 2 and level 3 hospitals

have been further categorized by factors such as the volume of extremely preterm infants

and/or the number ofNICU beds [51]. Alternatively some states, such as Michigan,

recognize only two levels of care, bypassing the intermediate (level 2) category [52].

The effectiveness of perinatal regionalization can be determined by examining the

proportion of extremely preterm, low birthweight infants which are born at a level 3

hospital or by examining the proportion of extremely preterm, low birthweight infants

which are transferred to a NICU after birth [53-56].

Throughout the 19903, increases in the number of smaller, community NICUs with l

or 2 neonatologists has led to breakdowns in the cooperative relationships between the

less specialized level land level 2 hospitals and the most specialized level 3 facilities

[57]. Furthermore, decreases in state funding of the regionalized transport of mothers and

infants as well as decreases in insurance funding of level 3 care (when less expensive

level 2 care is available) has led to de-regionalization in many states (ie. Michigan). This

de-regionalization is thought to have the largest effect on lower socioeconomic groups

with limited access to level 3 hospitals [3 9]. With the disproportionate representation of

racial/ethnic minorities in lower socioeconomic groups, perinatal de-regionalization
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could impact on racial disparities in infant and neonatal mortality rates. In addition,

state-level differences in regionalization funding could account for state differences in

preterm or low birthweight IM rates. While some studies have examined the effect of

perinatal regionalization 1M rates, it is not clear whether racial differences in 1M can be

partially explained by differences in access to medical care for high risk neonates.

1.3 Significance of Study

Understanding IM in general and racial disparities in IM in particular is necessary in

order to reduce these disparities. There is a lack of research examining the effect of

racial inequalities in social factors, statewide reporting and perinatal regionalization on

racial disparities in IM. Furthermore few examine these factors with respect to national

variation in IM disparities. This study focuses on the burden and epidemiology of

disparities in IM by examining on three important and timely exposures with the purpose

of influencing state and national policy. The distinction between this research and that of

others is the focal point of states as the unit of analysis. States were chosen as the primary

focus for three key reasons: first, racial disparity in 1M is a population level concept and a

critique of relative versus absolute disparities can not be done on an individual level.

Second, in order to examine reasons for national variation in IM rates and racial

disparities in IM, an examination of characteristics in aggregate allows for patterns,

which may not be apparent in individual level analyses, to be seen. Finally, the use of

states as the unit of analysis allows for a direct pathway between research and the

population level implementation of policy. In order to effectively reduce racial disparities

in IM it is important to determine what is causing the state-level differences in the racial

composition of disparities in IM.

16



1.4 Specific Aims

In order to improve understanding of major contributions to national variation in

IM rates and racial disparities in IM, the aims of this dissertation research are as follows:

0 Specific Aim 1: Determine the influence of racial inequalities in infant,

maternal and state sociodemographic factors on racial disparities in IM. Both

relative and absolute disparity measures will be used to determine if results

are influenced by disparity measurement techniques.

0 Specific Aim 2: Determine the effect of fetal death registration requirements

and reporting of largely non-viable births on state level differences in infant,

early and late neonatal, postneonatal, and fetal mortality rates and racial

disparities in mortality rates.

0 Specific Aim 3: Examine the effect of perinatal regionalization (ie. hospital

level at birth and NICU access) on racial disparities in preterm infant and

neonatal mortality in Michigan.

1.5 Study Population and Data Sources

Vital statistics data has been used to track maternal and child health since the

early 19003 [58]. National vital statistics data files are compiled from data provided

through the Vital Statistics Cooperative Program and involves contracts between the

National Center for Health Statistics (NCHS), all 50 states, the District of Columbia and

New York City (which is separate from New York State for the purpose of death

registration.
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1.5.1 Aim 1 Study Population and Data Source

Specific Aim 1: Determine the influence of racial inequalities in infant, maternal and

state sociodemographic characteristics on racial disparities in IM. Both relative and

absolute disparity measures will be used to determine if results are influenced by

disparity measurement techniques.

The source population for aim 1 included singleton live births and infant deaths from

2000-2002 among non-Hispanic, white (white) and non-Hispanic, black (black) infants

aggregated to each of the 50 states, Washington DC, and New York City (n=52

area3;10,999,362 live births; 66,566 infant deaths). The study population included live

births and infant deaths among non-Hispanic, white and non-Hispanic, black infants

aggregated to each of the states who had complete ascertainment of all variables of

interest and adequate race specific sample sizes within each state (n=41 areas; 10,586,415

live births; 64,502 infant deaths).

Numerator data on infant deaths were obtained from the NCHS U.S. Infant Death

Data Set for the years 2000-2002. Infant death data includes deaths to all infants in a

calendar year which can be linked to a birth certificate in the denominator file and

consists of information reported on death certificates, regardless of age. Fetal deaths are

not contained in mortality files. The death certificate includes demographic

Characteristics of the decadent, and underlying and contributing cause of death. The US.

death-registration system encompasses 50 States, Washington DC, and New York City

NYC (which is independent ofNew York State for the purpose of death registration). It is

believed that more than 99% of the births and deaths occurring in this country are

registered [59]. Coding is done by the NCHS and quality control for infant death data is
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done by computer edit checks, code validations, and comparisons of tabulated data with

data for the previous year.

Denominator data on live births were obtained from the United States natality files,

which include data reported on the birth certificate shortly after the birth of a live-bom

infant. All live-bom infants in the United States are required to have a birth certificate,

regardless of viability or subsequent outcome (ie. infant death). Birth certificates are

filled out by the institution at which the birth occurred and are submitted to the state.

Data included on the birth certificate are maternal and paternal demographics, maternal

pregnancy and reproductive history, birthweight and gestational age at delivery, mode of

delivery and medical complications during delivery.

The Linked Birth/Infant Death Dataset is produced by the National Center for Health

Statistics (NCHS) [59]. Three years of cohort data were used in order to obtain sufficient

case and live birth thresholds from which to produce stable IM rates (>19 deaths in the

numerator). Cohort data links infants born in one year to subsequent deaths regardless to

whether the death occurred during the birth year, or the following year [59]. Birth cohort

data files were preferred for detailed analyses because they follow a given cohort of

births for an entire year to ascertain mortality-specific information.

National birth and infant death records make use of state linked files for the

identification of linked birth and infant death certificates and NCHS natality and

mortality computerized statistical files. When the birth and death of an infant occurs in

dif‘ferent states, copies of the records are exchanged by the state of death and the state of

birth in order for the record to be linked. In addition, if a third state is identified as the

state of residence at the time of birth or death, that state is also sent a copy of the

19



appropriate certificate by the state when the birth or death occurred. The NCHS natality

and mortality files, produced annually, include statistical data from birth and death

certificates that are provided to NCHS by states under the Vital Statistical Cooperative

Program. Data were coded according to uniform coding specifications, passed rigid

quality control standards, were edited and reviewed and are the basis for official US birth

and death statistics [59].

Additional data on sociodemographic characteristics of areas of residence were

obtained from the US. Bureau of the Census, 2000 Census of Population of Housing

(census). For each census dataset, summary file 3 (SF3) data were used to estimate state-

level (level 050) characteristics relating to natality, education, employment, and poverty.

Sampling was done by the housing unit and the sampling rate varied by census block to

account for differing population densities. For the US. census, the overall sampling rate

is 1 in every 6 housing units and approximately 95% of the total population was

enumerated. The overall final response rate for the 2000 census was 67%. Imputation

methods were used by the census to account for non-response, although it is recognized

that black, Hispanic, and poor populations were undercounted.

1.5.2 Aim 2 Study Population and Data Source

Specific Aim 2: Determine the effect of fetal death registration requirements and

reporting of largely non-viable births on state level differences in infant, early and late

neonatal, postneonatal, and fetal mortality rates and racial disparities in mortality rates.

The source population for aim 2 included singleton live births, infant deaths, and fetal

deaths from 2000-2002 among non-Hispanic, white [22] and non-Hispanic, black (black)

infants (n=10,999,362 live births; 66,566 infant deaths; 154,119 fetal deaths). The study
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population included live births and infant deaths among white and black infants who had

complete ascertainment of all variables of interest (n=10,980,512 live births; 66,569

infant deaths; 68,755 fetal deaths).

In addition to the United States linked birth/infant death dataset from 2000-2002, aim

2 also made use of US. Fetal Death Data. Fetal death statistics for every year are based

on all reports of fetal death received by the NCHS. Reporting requirements for fetal

deaths vary from state to state. Overall reporting is not as complete for fetal deaths as for

births and deaths, but is believed to be relatively complete for fetal deaths at 228 weeks

gestation or more [60]. National data on fetal deaths include fetal deaths occurring at a

stated or presumed gestation of 20 weeks or more. The fetal-death reporting system

encompasses the 50 States, Washington DC, and New York City. Coding is done by the

NCHS and quality control for fetal death data is done by computer edit checks, code

validations, and comparisons of tabulated data with data for the previous year.

1.5.3 Aim 3 Study Population and Data Source

Specific Aim 3: Examine the effect of perinatal regionalization (ie. hospital level at birth

and NICU access) on racial disparities in preterm infant and neonatal mortality in

Michigan.

The source population for aim 3 included singleton, preterm (gestational age < 37

weeks) live births and infant deaths from 1996-2006 among non-Hispanic, white [22] and

non-Hispanic, black (black) infants (n=111,67l live births). The study population

included preterm live births and infant deaths among white and black infants who had

complete ascertainment of all variables of interest (n=107,046 live births; 3,950 infant

deaths).
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Live birth and infant death certificates were obtained from the Vital Records and

Health Data Development Section of the Michigan Department of Community Heath

(MDCH). The data were coded according to uniform coding specifications, passed rigid

quality control standards, were edited and reviewed and are the basis for official

Michigan birth and death statistics. Cohort mortality data for each of the years were used,

as opposed to period data, which links deaths of all infants born in a certain year,

regardless to whether the death occurred during the birth year, or the following year.

Birth cohort data files were preferred for these analyses because they follow a given

cohort of births for an entire year to ascertain mortality-specific information. Birth

certificates included information on hospital at birth, maternal demographic and

pregnancy characteristics and infant characteristics at birth.

The main exposure of perinatal regionalization was determined by two variables

obtained from the birth certificate: hospital level at birth (1 vs. 3) and infant transport to a

NICU (yes/no). Assignment of hospital level was based on the availability of a NICU at

any point during the 11 year study period. Hospitals which had a NICU during the study

period were designated level 3. Hospitals which did not have a NICU during the study

period were designated level 1. In rare instances where hospital level could not be

obtained from the MDCH, hospitals were contacted directly and asked if they had a

NICU at any point in time from 1996-2006. Three hospitals were contacted directly; one

of the three was designated level 3, white the other two were designated level 1. NICU

transfer was based on the birth certificate question which asked “Was the child

transferred to a neonatal intensive care unit”. Response options were yes, no and

unknown. Other secondary variables included maternal demographics (education, age,
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smoking status, alcohol use, urbanicity and the Kessner prenatal care index) [61] and

infant demographics (sex and birthweight).

1.5.4 Strengths of Vital Statistics

The most obvious strength of vital statistics data is its comprehensiveness. Birth and

death registration are thought to be virtually complete, with records on >99% of all live

births and infant deaths in the United States [58]. Due to the completeness of vital

statistics data, they are less subject to the selection biases one could encounter in more

clinical study populations. Furthermore, since natality and mortality data have been

collected since the early 19003, it allows for multi-site comparisons over time. Detailed

information on demographic, geographic and medical factors also allows for population

stratification with relative completeness of virtually all perinatal variables [7, 58].

Finally, vital statistics data are publicly available and relatively easy to use.

1.5.5 Limitations of Vital Statistics

Studies have shown that vital statistics data may underreport or incorrectly report

variables such as paternal education or cause of death. Variables with a low reliability or

a high proportion of underreporting (such as cause of death) were not used in our

analyses and therefore were not a source of bias for this study. With respect to this

research, other studies have provided evidence that obstetric procedures, complications of

labor and delivery and maternal and infant conditions have been underreported [7]. This

underreporting may not be random, especially for conditions associated with adverse

pregnancy outcomes. For example, maternal data may be less complete when a high-risk

pregnant woman is transferred prior to birth, or an infant is transferred shortly after birth

[58]. Second, gestational age is based on the date of the last menstrual period. Potential
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problems with this measure include recall bias and misclassification because of bleeding

post-conception [62]. With the 1989 birth certificate revision, a clinical estimate of

gestation improved gestational age misclassification to some extent [58]. In response to

this limitation, aim 2 specifically examined state-level differences in the completeness

and accuracy of perinatal reporting among specific gestational age/birthweight groups.

Third, there could be clustering of maternal risk factors for twins and higher order

multiple births. Analyses excluded multiple births and only examined the effect of

sociodemographics, reporting, and perinatal regionalization among singleton births.

Finally, there are several limitations of the US. census data. Urban and minority

populations have been underrepresented in the census and the sampling scheme of the

SF-3 long form reflects similar issues. Nevertheless, the US. census data is recognized

as the most complete data source to enumerate population-based characteristics.

24



CHAPTER 2: THE EFFECT OF RACIAL INEQUALITIES IN

SOCIODEMOGRAPHIC FACTORS ON RACIAL DISPARITIES IN INFANT

MORTALITY, BY STATE

This chapter includes an examination of the effect of inequalities in sociodemographic

factors on state level differences in racial disparities in 1M and is study 1 for this three

paper dissertation option.

2.1 Abstract

Objective: To determine the effect of racial inequalities in infant, maternal and state

sociodemographic factors on nationwide variation in racial disparities in IM. We also

sought to determine if disparity/inequality measurement influenced findings.

Methods: National Center for Health Statistics, Division of Vital Statistics (NCHS)

live birth and linked infant death records among singleton, non-Hispanic white (white)

and non-Hispanic black (black) infants from 2000-2002 were used to calculate absolute

(black/white) and relative (black - white) disparities in infant mortality (IM). Racial

disparities in IM data were correlated, using the Pearson Correlation Coefficient, with

racial inequalities in infant, maternal, and state sociodemographic factors. Inequalities in

infant and maternal factors were obtained from NCHS natality files, while inequalities in

state sociodemographic factors were obtained from the US. Bureau of the Census, 2000

Census of Population and Housing.

Results: Absolute and relative U.S. disparity measures were 6.99 per 1,000 live births

and 2.42, respectively. The absolute disparity measure was highly correlated with black

IM (r = 0.91) but not white IM (r = -0.03), while the relative measure was correlated with

both black IM (r = 0.57) and white IM (r = -0.51). After adjustment for confounding

factors, relative inequalities in the proportion of very low birthweight births (VLBW)
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exhibited the strongest correlation with relative disparities in IM (r=0.75), while absolute

inequalities in low birthweight births (LBW) exhibited the strongest correlation with

absolute disparities in IM (r=0.67).

Conclusion: Absolute measures of disparity were strongly related to black IM rates,

while both black and white IM rates equally contributed to relative disparity measures. In

order to reduce state differences in racial disparities in IM, efforts should be made to

target women who are at high risk for a LBW or VLBW birth.

2.2 Introduction

2.2.1 Background on Infant Mortality

The infant mortality (IM) rate (number of infant deaths <1 year of age per 1,000 live

births) is commonly used to assess the health and well-being of populations [63]. In the

US, reducing the overall IM rate is consistent with the first and second overarching

goals of Healthy People 2010. The first goal is to increase years and quality of life [2,

64], and by reducing a person’s life by nearly 80 years, IM can be seen as the most

dramatic loss of years of life. From 1950 to 1991 the US. IM rate declined an average of

3% per year [65]. However, despite this decline, the Healthy People 2010 target of 4.5

infant deaths per 1,000 live births has not yet been met.

2.2.2 Racial Disparities in Infant Mortality

The second goal of Healthy People 2010 is to eliminate health disparities [64].

Although IM rates have declined for all races during the 20th century, there are substantial

disparities among racial groups [3]. Slower IM declines among blacks compared to

whites have led to a 25% increases in disparities in the US. [1, 2]. For example, in 1980,

the IM rate among whites in the United States was 8.7 per 1,000 live births compared to
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an IM rate of 16.5 per 1,000 live births among blacks [4], meaning blacks were 1.90

times as likely as white infants to die during the first year of life. On the other hand in

2005, the white IM rate was 5.7 per 1,000 live births compared to the black IM rate of

13.6 per 1,000 live births among black infants, meaning blacks were 2.39 times as likely

as whites to die during the first year of life.

2.2.3 Disparity Measurement

Related to the second healthy people 2010 goal is the question of how best to measure

racial disparities in health outcomes [20, 23, 25, 26]. While a number of disparity

measures exist, each is based on its own assumption and therefore requires its own

scientific interpretation [23-25]. A number of potential summary measures have been

proposed but a clear consensus on the best type of measurement (relative or absolute) has

not been achieved [5, 20, 23-27]. Disparity ratios (DR) are a commonly used relative

measure for quantifying inequality between two groups [20, 24-26, 28, 29]. In this

research, the DR is the ratio of black IM to white IM and its meaning can vary depending

on the rates of those groups. For example, a high DR can be due to a high black IM rate,

a low white IM rate, or a combination of the two. In contrast, a low DR can be due to a

low black IM rate, a high white IM rate or a combination of the two. In 1980, the

black/white disparity ratio in IM was 1.90 and in 2005, the black/white disparity ratio

was 2.39, in order to gain meaning from these DRs it is important to know the raCe-

specific composition of the ratios and if it varies over time.

The absolute disparity difference (DD) is the difference between the black IM rate

and the white IM rate (ie. black IM — white IM). The DD reflects the actual (absolute)

size of the disparity by indicating how large a proportion of the disadvantaged group is
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affected by the outcome. The DD can also be used to make comparisons across health

indicators, regardless of unit of measurement [5, 20, 24]. In 1980 the DD in 1M was 7.8

excess deaths per 1,000 live births, while the 2005 DD was 7.9 excess deaths per 1,000

live births. When comparing the relative to the absolute measure, the DR depends

heavily on the baseline level of the measure of interest, while the DD depends heavily on

the overall rate of disease. Larger DDs are seen while overall rates of disease are average

and smaller differences DDs are seen at the extremes [24, 26]. With the 1980 and 2005

IM rates, the same absolute decrease in white and black IM rates affects the DR but not

the DD. Equally, the same proportion increase in white and black IM rates would be

. reflected in a change in the DD, but not in the DR.

2.2.4 Nationwide Variation in Infant Mortality and Racial Disparities in Infant

Mortality

State-level differences in IM and racial disparities in [M (relative and absolute

disparities) have been apparent since the 19503 [28], with regional and statewide

variations seen within and between racial groups [4, 6, 29, 31-36]. For example Allen

(1987) found that southern states had the highest total and white IM rates (12.1 and 9.8

per 1,000 live births, respectively) but the north central states had the highest black IM

rates [31]. Furthermore, Marks (1987) found that state-specific black/white DRs in IM

varied from 1.9 to 2.4 [4]. More recently, in their 2008 report, the Robert Wood Johnson

Foundation found that IM rates from 2000-2002 ranged from 4.6 per 1,000 live births in

Massachusetts to 11.0 per 1,000 live births in Washington DC [66]. While studies have

shown that southern states have the highest overall IM rates [67], little research has been

done on the highest disparity states. The factor(s) underlying state-level differences in 1M
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rates are not well-understood and even less is known of state-level differences in racial

disparities. States vary in the prevalence of known risk factors for [M such as low

birthweight births [68] and adequacy of prenatal care [4]; although racial inequalities in

these risk factors have not been well examined in relation to nationwide variation in

racial disparities in infant IM. Furthermore, comparisons of different disparity measures

have not been made in relation to IM or risk factors for IM.

2.2.5 Study Objective

This study estimated the effect of racial inequalities in infant, maternal and state

sociodemographic factors on state level differences in racial disparities in IM. We also

determined if results were influenced by measurement techniques (relative vs. absolute)

used to describe inequalities in exposures (infant, maternal and state factors) and/or

disparities in outcome (IM).

2.3 Materials and Methods

We examined singleton live births and linked infant deaths to self-identified, non-

Hispanic white and non-Hispanic black (hereafter referred to as white and black) mothers

who resided in the US. at the time of their infant’s birth. Birth and death records missing

information on maternal race were omitted from the dataset and not used in this analysis.

2.3.1 Study Population

The study population included singleton live births and infant deaths from 2000-2002

among non-Hispanic, white [22] and non-Hispanic, black (black) infants aggregated to

each of the 50 states, Washington DC, and New York City (n=52 areas; 1 0,999,362 live

births; 66,566 infant deaths). The study population included live births and infant deaths

among non-Hispanic, white and non-Hispanic, black infants aggregated to each of the
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states who had complete ascertainment of all variables of interest and adequate race

specific sample sizes within each state (n=41 areas; 10,586,415 live births; 64,502 infant

deaths).

2.3.2 Data Source and Preparation

Birth and linked infant death records were obtained from the 2000-2002 Linked

Birth/Infant Death Dataset, produced by the National Center for Health Statistics

Division of Vital Statistics (NCHS) [59]. Three years of cohort data were used to obtain

a sufficient sample of infant deaths for the numerator and live births for the denominator

from which to produce stable IM rates. Cohort data links infants born in one year to

subsequent deaths regardless to whether the death occurred during the birth year, or the

following year [59]. Birth cohort data files were preferred over period data for this

analysis because they follow a given cohort of births for an entire year to ascertain

mortality.

National birth and linked infant death records make use of state natality data for the

identification of birth and infant death certificates used in the NCHS computerized

statistical files. When the birth and death of an infant occur in different states, copies of

the records are exchanged by the state of death and the state of birth in order for a linkage

to take place. In addition, if a third state is identified as the state of residence at the time

of birth or death, that state is also sent a copy of the appropriate certificate by the state

when the birth or death occurred. The annual NCHS natality and mortality files include

statistical data from birth and death certificates that are provided by states under the Vital

Statistical Cooperative Program. Data were coded according to uniform coding
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specifications, passed rigid quality control standards, were edited and reviewed and are

the basis for official US. birth and death statistics [59].

2.3.3 Outcome Variables

Region- and state-specific IM rates were calculated by dividing the number of infant

deaths by the total number of live births. All IM rates were expressed per 1,000 live

births. Crude IM rates were calculated, in addition to rates stratified by race. Births and

deaths were assigned to the birth state, regardless of if the infant death occurred in

another state. Regions were defined based on the Census of Population and Housing

categories and included the northeast, midwest, south and west. States were defined as

each of the 50 states, the District of Columbia and New York City, which reports

separately from New York State in the Vital Statistics Cooperative Program.

We employed both a relative measure, the disparity ratio (DR) and an absolute

measure, the disparity difference (DD) of racial disparities in IM. In the case of no

disparity, the value DR took was one and the value DD took was zero. All DDs were

expressed per 1,000 live births.

To characterize relative and absolute measures of racial disparities in 1M and

determine which measure most reflected race-specific IM rates, racial composition scores

were calculated. We defined racial composition as the race-specific IM ranking of each

state, compared to the rest of the US. Racial composition was determined as follows:

first, race-specific IM rates were calculated for each state; second, black IM rates were

broken into tertiles with the highest 1/3 of black IM rates receiving the racial composition

score of ‘high’, the middle 1/3 of black IM rates receiving the racial composition score of

‘medium’ and the lowest 1/3 of black IM rates receiving the racial composition score of
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‘low’; third, the same criterion was used for white infants. This resulted in a black racial

composition score (high, medium, or low) and a white composition score (high, medium,

low) based on the relative rank of each state’s race-specific IM rate. For example, if a

state has a white IM rate in the highest tertile, and a black 1M rate in the middle tertile,

their racial composition score would be as follows: white=high; black=medium. Racial

composition scores were also grouped into quartiles and quintiles but tertiles were found

to correspond best with our data. To prevent unstable IM rates by race, eleven states

(Alaska, Hawaii, Idaho, Maine, Montana, New Hampshire, North Dakota, South Dakota,

Utah, Vermont, and Wyoming) were excluded from analyses for having fewer than 20

black infant deaths [6]. Thus, all rates presented had at least 20 deaths in the numerator.

2.3.4 Exposure Variables

Racial inequalities in several sociodemographic risk factors for 1M were examined in

relation to racial disparities in IM. Racial differences in exposure variables were referred

to as ‘inequalities’, while the term ‘disparities’ was used to describe racial differences in

the outcome.

2.3.4.1 Vital Statistics Measures

Infant and maternal sociodemographic factors were collected from birth certificate

records for each state. Infant factors included information on gestational age, specifically

preterm birth (PTB) or infants born less than 37 completed weeks gestation and very

preterm birth (VPTB) or infants born less than 32 completed weeks gestation and

birthweight, including low birthweight (LBW) or infants born less than 2,500 grams, and

very low birthweight (VLBW) or infants born less than 1,500 grams. Maternal

characteristics included information on teen pregnancy (maternal age less than 20 years),
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education (less than a high school diploma), marital status (unmarried), tobacco use

during pregnancy (yes), alcohol use during pregnancy (yes) and inadequate prenatal care

(Kessner index) [61]. The presence of a father on the birth certificate (as reflected by the

presence or absence of paternal age) was also included [69] and will hereafter be referred

to as a maternal factor because of its reflection of the social circumstances surrounding

the pregnancy and time shortly after birth. Inequalities in the proportion (%) of each

variable were computed for the total study population and in race-specific analyses.

2.3.4.2 Census Measures

State sociodemographic factors were obtained from the long-form records of the US.

Bureau of the Census 2000 census of population and housing (census). Census variables

examined in this study included inequalities in the proportion of the following population

variables: foreign born, education (less than high school diploma, 2 high school graduate,

and 2 college graduate; education categories were not mutually exclusive),

unemployment, and poverty status. Proportions (%) of each state level variable were

collected from the census for white and black women (includes Hispanic ethnicity) and

for the entire state (includes all races and ethnicities).

As we did for IM disparities, we expressed racial inequalities in sociodemographic

risk factors using two inequality measures: relative risk (RR), ie. black proportion/white

proportion; and the risk difference (RD), ie. black proportion — white proportion. The

RD was expressed as a percentage.

2.3.5 Data Analysis

Pearson correlation coefficients and partial correlations (r) were used to examine the

correlation between relative and absolute racial disparities in IM and relative and absolute
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racial inequalities in infant, maternal and state sociodemographic factors. Statistical

control for potential confounding variables was undertaken in the following manner:

adjustments were made for inequalities in confounding variables that were significantly

associated with both the exposure inequality of interest and disparities in IM in univariate

analyses, but were not on the causal pathway. Furthermore, state proportions of the

exposure variable of interest (ie. total percent low birthweight) along with the proportion

of the state population which was black were also held constant in partial correlation

models. In the case of multicollinearity between multiple confounding variables, the least

significant predictor of racial disparities in IM, was omitted from the model (appendix

table 1). Statistical significance was determined by using the cutoff of p<0.05.

2.3.6 Mapping

Maps were used to visualize national differences in [M rates and racial disparities

in IM rates. We also mapped racial disparities in selected infant, maternal and state

sociodemographic factors. Maps were created using ArcMap version 9.3 within ArcGlS

version 9. Continuous data were split into 4 categories based on quantile classification

within ArcGIS. Darker colors indicate higher proportions/rates, while lighter colors

indicate lower proportions/rates.

2.4 Results

2.4.1 Region- and state-specific number of live births and infant deaths by race

From 2000-2002, there were 10,586,415 births to women in the United States (Table

2.1). Of these births, 64,502 (0.6%) resulted in deaths before the infant’s first birthday.

There were 8,832,933 (83.4%) births to white women and 1,753,482 (17.6%) births to

black women. Ofthese births, 43,596 white and 20,906 black infants died before the first
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year of life. In regional analyses the south had the highest number of births

(total=4,158,949; 39.3%; white=3,191,515; 36.1%; black=967,434; 55.1%) and deaths

(total=28,323; 43.9%; white=16,685; 38.3%; black=11,638; 55.7%).

35



Table 2.1. Region and state specific number of live births and infant deaths by race:

United States, 2000-2002.

 

 

 

    
 

 

 

 

      
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

  

 

 

 

      

State'I' Live Births Infant Deaths

Total* White Black Total* White Black

United States 10,586,415 8,832,933 1,753,482 64,502 43,596 20,906

Regions (n=4 regions)

Northeast (7 states) 1,753,552 1,441,778 311,774 9,400 6,171 3,229

Midwest (10 states) 2,428,673 2,090,076 338,597 15,563 10,921 4,642

South (17 states) 4,158,949 3,191,515 967,434 28,323 16,685 11,638

West (7 states) 2,245,241 2,109,564 135,677 11,216 9,819 1,397

States (n=41 statefl

Alabama 174,51 1 1 18,652 55,859 1,429 698 731

Arizona 228,807 220,804 8,003 1,31 1 1,212 99

Arkansas 106,819 84,761 22,058 799 559 240

California 1,347,631 1,249,979 97,652 6,441 5,470 971

Colorado 186,1 17 177,472 8,645 978 872 106

Connecticut 116,622 101,543 15,079 617 424 193

Delaware 30,477 22,727 7,750 232 133 99

District of Columbia 21,435 7,269 14,166 227 33 194

Florida ' 578,397 442,072 136,325 3,736 2,159 1,577

Georgia 374,581 248,465 126,116 2,915 1,388 1,527

Illinois 505,409 409,642 95,767 3,340 2,018 1,322

Indiana 246,807 219,355 27,452 1,615 1,291 324

Iowa 106,377 102,723 3,654 551 513 38

Kansas 109,882 101,642 8,240 700 590 1 10

Kentucky 157,389 142,979 14,410 93 8 803 135

Louisiana 187,736 108,294 79,442 1,572 646 926

Maryland 201,139 130,408 70,731 1,408 597 81 1

Massachusetts 216,989 193,279 23,710 833 643 190

Michigan 372,086 304,31 1 67,775 2,582 1,590 992

Minnesota 181,669 168,085 13,584 822 683 139

Mississippi 121,868 66,841 55,027 1,135 413 722

Missouri 214,413 182,038 32,375 1,430 990 440

Nebraska 69,546 65,504 4,042 404 352 52

Nevada 84,1 87 76,963 7,224 463 373 90

New Jersey 302,632 243,245 59,387 1,631 954 677

New Mexico 68,743 67,259 1,484 390 368 22

New York 373,985 331,401 42,584 1,917 1,413 504

New York City 303,1 13 194,577 108,536 1,638 741 897

North Carolina 331,036 248,622 82,414 2,406 1,315 1,091

Ohio 430,981 364,032 66,949 2,978 2,043 935

Oklahoma 127,901 1 14,229 13,672 907 739 168
 

 
*Total denotes both black and white infants

1' Inclusion criteria: Singleton, Black and White, US born, sufficient infant deaths (>19)
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Table 2.1 (continued). Region- and state-specific number of live births and infant

deaths? by race: United States, 2000-2002.

 

 

 

 

 

 

 

 

 

 

 

    

State Live Births Infant Deaths

Total White Black Total White Black

Oregon 123,230 120,429 2,801 614 588 26

Pennsylvania 405,378 346,157 59,221 2,562 1,826 736

Rhode Island 34,833 31,576 3,257 202 170 32

South Carolina 158,295 103,256 55,039 1,287 531 756

Tennessee 223,831 175,669 48,162 1,81 1 1,078 733

Texas 1,032,807 913,226 119,581 5,380 4,223 1,157

Virginia 270,913 206,345 64,568 1,71 1 965 746

Washington 206,526 196,658 9,868 1,019 936 83

West Virginia 59,814 57,700 2,1 14 430 405 25

Wisconsin 191,503 172,744 18,759 1,141 851 290    
 

The excluded states (due to insufficient black deaths) are shown in table 2.2.

Table 2.2. State-specific number of live births and infant deaths among excluded

states, United States 2000-2002.

 

 

 

 

 

 

 

 

 

 

 

 

   

StateI Live Births Infant Deaths

Total* White Black Total“ White Black

Alaska 19,871 18,582 1,289 89 86 3

Hawaii 12,861 11,435 1,426 79 67 12

Idaho 58,359 58,105 254 358 357 1

Maine 38, 680 38,260 420 1 75 I 73 2

Montana 2 7, 703 2 7, 5 79 124 I 65 1 64 1

New Hampshire 40, 707 40, 126 581 167 164 3

North Dakota 19, 746 1 9, 4 78 268 121 1 18 3

South Dakota 25,060 24, 754 306 124 124 0

Utah 134,115 133,150 965 610 606 4

Vermont 18, 368 18, 263 105 76 76 0

W oming 17,477 17,307 170 100 100 0      
*Total denotes both black and white infants

7 States were excluded due to insufficient cell specific infant deaths (<19)
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2.4.2 Infant mortality rates, disparity ratios, disparity differences and racial

composition scores

Table 2.3 shows IM rates, DRs, DDS and racial composition scores among live born

infants in the US, ranked by DR from lowest to highest. In comparison to the national

1M rate of 6.09 per 1,000 live births, region-specific IM rates ranged from 5.26 per 1,000

live births in the West to 7.53 per 1,000 live births in the South. State-specific 1M rates

ranged from 3.84 per 1,000 live births in Massachusetts to 10.59 per 1,000 live births in

the District of Columbia. Among white infants, the IM rate was 4.94 per 1,000 live births,

and state IM rates among whites varied from 3.33 per 1,000 live births in Massachusetts

to 7.02 per 1,000 live births in West Virginia. Among black infants, the national IM rate

was 11.92 per 1,000 live births and ranged from 8.01 per 1,000 live births in

Massachusetts to 15.46 per 1,000 live births in Wisconsin. The national DR was 2.42

while the national DD was 6.98 per 1,000 live births. Regional differences in infant

mortality rates and disparity measures were of interest, especially when examining the

southern and midwest regions. While the south had the highest overall 1M rates, the

midwest had the highest black IM rates and subsequent disparities.
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Figure 2.1 Infant Mortality Rates, United States 2000-2002
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Figure 2.2 Disparity Ratios in Infant Mortality, United States 2000-2002
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Figure 2.3 Disparity Differences in Infant Mortality, United States 2000-2002
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Each state was also characterized by a racial composition score. Eight states, all but

one on the east or west coasts were in the lowest tertiles for both black and white racial

composition scores: Massachusetts, New York City, Washington, Texas, California,

Minnesota, New Jersey and Maryland. Five states, all but one located in the south, were

in the highest tertiles for both black and high white racial composition scores: Alabama,

Mississippi, Kansas, Ohio and Tennessee.
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Table 2.3. Infant mortality rates*, disparity ratios‘], disparity differencesl: and

racial composition scores§ by race: United States”, 2000-2002

 

  

 

      
 

 

 

 

 

    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

State Infant Mortali Rate Disparity Disparity Racial Composition

Total White Black Ratio Difference White Black

United States 6.09 4.94 11.92 2.42 6.99

Regions (n=4 re ions)

Northeast 5.31 4.31 10.65 2.50 6.34

Midwest 6.15 5.22 13.01 2.50 7.79

South 7.53 5.59 12.19 2.22 6.60

West 5.26 4.96 11.36 2.28 6.40

States (n=41 states)

Arkansas 7.48 6.60 10.88 1.65 4.29 H L

Kentucky 5.96 5.62 9.37 1.67 3.75 H L

West Virginia 7.19 7.02 11.83 1.68 4.81 H M

Washington 4.93 4.76 8.41 1.77 3.65 L L

Rhode Island 5.80 5.38 9.82 1.82 4.44 M L

Oklahoma 7.09 6.47 12.29 1.90 5.82 H M

Oregon 4.98 4.88 9.28 1.90 4.40 M L

Louisiana 8.37 5.97 11.66 1.95 5.69 H M

Indiana 6.54 5.89 11.80 2.01 5.92 H M

Iowa 5.18 4.99 10.40 2.08 5.41 M L

Texas 5.21 4.62 9.68 2.09 5.05 L L

Mississippi 9.31 6.18 13.12 2.12 6.94 H H

Georgia 7.78 5.59 12.11 2.17 6.52 H M

New York City 5.40 3.81 8.26 2.17 4.46 L L

Delaware 7.61 5.85 12.77 2.18 6.92 H M

Alabama 8.19 5.88 13.09 2.22 7.20 H H

Arizona 5.73 5.49 12.37 2.25 6.88 H M

California 4.78 4.38 9.94 2.27 5.57 L L

Kansas 6.37 5.80 13.35 2.30 7.54 H H

Pennsylvania 6.32 5.28 12.43 2.36 7.15 M M

Florida 6.46 4.88 11.57 2.37 6.68 M M

Nebraska 5.81 5.37 12.86 2.39 7.49 M H

Massachusetts 3.84 3.33 8.01 2.41 4.69 I. L

Virginia 6.32 4.68 11.55 2.47 6.88 L M

Tennessee 8.09 6.14 15.22 2.48 9.08 H H

Ohio 6.91 5.61 13.97 2.49 8.35 H H

Colorado 5.25 4.91 12.26 2.50 7.35 M M

Missouri 6.67 5.44 13.59 2.50 8.15 M H      
 

*Infant mortality rates and disparity differences expressed per 1,000 live births

TDisparity ratios expressed are (black IM) + (white IM)

IDisparity differences expressed are (black IM) — (white IM)

§ Racial composition scores are broken into tertiles (H=High; M=Medium; L=Low)

H Inclusion criteria: singleton, Black and White, US born, sufficient infant deaths (>19)
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Table 2.3 (continued). Infant mortality rates*, disparity ratiost, disparity

differenceszt and racial composition scores§ by race: United States”, 2000-2002

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

State Infant Mortality Rate Disparity Dgparity Corlrigglseiiion

Total White Black Ratio D1 erence White Black

North Carolina 7.27 5.29 13.24 2.50 7.95 M H

Maryland 7.00 4.58 11.47 2.50 6.89 L L

Minnesota 4.52 4.06 10.23 2.52 6.17 L L

Nevada 5.50 4.85 12.46 2.57 7.61 L M

South Carolina 8.13 5.14 13.74 2.67 8.59 M H

New Mexico 5.67 5.47 14.82 2.71 9.35 M H

New York 5.13 4.26 11.84 2.78 7.57 L M

Michigan 6.94 5.22 14.64 2.80 9.41 M H

Illinois 6.61 4.93 13.80 2.80 8.88 M H

New Jersey 5.39 3.92 11.40 2.91 7.48 L L

District of

Columbia 10.59 4.54 13.69 3.02 9.15 L H

Connecticut 5.29 4.18 12.80 3.07 8.62 L M

Wisconsin 5.96 4.93 15.46 3.14 10.53 M H       
 

 
2.4.3 Lowest and highest disparity ratios and disparity differences

To determine if high and low disparity states differed with respect to disparity

measure used, table 2.4 includes the ten lowest and highest DR and DD states with

accompanying racial composition scores. The lowest 10 DRs ranged from 1.65 to 2.08

with the lowest DR found in Arkansas. The ten highest DR states ranged from 2.57 to

3.14 with the highest DR in Wisconsin. Geographically the highest DR states were

primarily located in the northeast and midwest regions. The lowest DDs ranged from 3.65

per 1,000 live births in Washington to 5.41 per 1,000 live births in Iowa. The highest

DDs range from 8.15 per 1,000 live births in Missouri to 10.53 per 1,000 live births in

Wisconsin. The two states with the lowest disparity ratios (Arkansas and Kentucky) were

characterized by low racial composition scores among blacks and high racial composition

scores among whites. Disparity, measures categorized most of the same states as high
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disparity states and low disparity states, but reflected differences in composition scores

with more consistent black 1M rates seen with the absolute disparity measure.

The combination of racial composition scores and disparity measures shed new night

on highest and lowest disparity states. The evaluation of both racial disparities and racial

composition scores leads to conclusion that Washington has the lowest relative disparities

in IM and Massachusetts has the lowest absolute racial disparities in [M since they have

low DRs and DDs in addition to low black and low white racial composition scores. On

the other hand, Tennessee and Ohio would be the highest disparity states because they

have high disparity measures, high black and high white racial composition scores.

Furthermore, a state such as New Jersey, which has low black and low white racial

composition scores, would not be listed as a high disparity state.
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Table 2.4. Lowest and highest disparity ratios" and disparity differences’r with

accompanying racial composition scoresi; United States 2000-2002.

 

 
 

 

 

 

 

 

 

 

 

 

 

       
 

 

 

 

 

 

 

 

 

  

Disparity Racral. Disparity Racial.
State Ratio Composrtion State Difference Composrtron

White I Black White LBlack

Lowest Disparity Ratios Lowest Disparity Differences

Arkansas 1 .65 H L Washington 3 .65 L L

Kentucky 1 .67 H L Kentucky 3 .75 H L

West

Virginia 1.68 H M Arkansas 4'29 H L

Washington 1 .77 L L Oregon 4.40 M L

Rhode Island 1.82 M L Rhode Island 4.44 M L

New York

Oklahoma 190 H M City 4.46 L L

Oregon 1 .90 M L Massachusetts 4.69 L L

Louisiana 1.95 H M West Virginia 4.81 H M

Indiana 2.01 H M Texas 5.05 L L

Iowa 2.08 M L Iowa 5.41 M L

Highest Disparity Ratios Highest Disparity Differences

Nevada 2.57 L M Missouri 8.15 M H

5°“th. 2.67 M H Ohio 8.35 H H
Carolina

New Mexico 2.71 M H SOU‘h. 8.59 M H
Carolina

New York 2.78 L M Connecticut 8.62 L M

Michigan 2.80 M H Illinois 8.88 M H

Illinois 2.80 M H Tennessee 9.08 H H

New Jersey 2.91 L L DlsmCt 9f 9.15 L H

Columbia

31mm?” 3.02 L H New Mexico 9.35 M H
olumbra

@mecticut 3.07 L M Michigan 9.41 M H

Msconsin 3.14 M H Wisconsin 10.53 M H
     

"‘ Disparity ratios expressed are (black IM) -=- (white IM)

1‘ Disparity differences expressed are (black IM) — (white IM) per 1,000 live births

I Racial composition scores are broken into tertiles (H=High; M=Medium; L=Low)
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2.4.4 Racial inequalities among selected infant characteristics

Table 2.5 shows RRs and RDs of infant characteristics which are thought to account

for a large proportion of the black excess in IM. States were ordered according to DRs in

IM from low to high. When examining the relative inequality measures, U.S. RRs were

highest among VLBW births (RR=2.9) with the highest RR seen among VLBW births in

Michigan (RR=3.5). The lowest RRs were seen among PTB with a US. R of 1.6.

Compared to the other states, the lowest overall RRs were seen in Oregon (PTB=1.4;

VPTB=1.8; VLBW=2.4). Among absolute inequality measures in the US, the highest

RDs were seen among preterm births, which had a national average of 6.1% and ranged

from 3.3% in Oregon to 8.8% in the District of Columbia. RDs in very preterm births

ranged from 1.1% in Oregon to 3.6% in Alabama.
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Figure 2.4 Relative Risks of Low Birthweight, United States 2000-2002
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Figure 2.5 Risk Difference of Low Birthweight, United States 2000-2002
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Figure 2.6 Relative Risk of Very Low Birthweight, United States 2000-2002
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Figure 2.7 Risk Difference of Very Low Birthweight, United States 2000-2002
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Table 2.5. State-specific relative risks" and risk differences? of selected infant birth

certificate characteristics: United Statesi, 2000-2002

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Low Very Low

(3:?) Preterm very Preterm Birthweight Birthweight

RR RD RR RD RR RD RR RD

United States 1.6 6.1 2.5 2.5 2.1 5.9 2.9 1.7

Arkansas 1.7 6.9 2.6 2.8 2.1 6.2 2.7 1.7

Kentucky 1.5 6.0 2.2 2.3 1.9 5.3 2.4 1.4

West Virginia 1.6 6.6 2.4 3.0 1.8 5.7 2.7 1.9

Washington 1.5 3.6 2.2 1.5 2.0 4.3 2.6 1.1

Rhode Island 1.8 6.8 2.1 1.8 1.9 4.7 2.6 1.6

Oklahoma 1.5 5.6 2.1 2.1 2.1 6.1 2.6 1.4

Oregon 1.4 3.3 1.8 1.1 2.0 4.1 2.4 1.0

Louisiana 1.8 8.1 3.1 3.6 2.2 6.8 3.2 2.0

Indiana 1.6 6.4 2.3 2.4 2.1 5.6 2.7 1.5

Iowa 1.8 7.1 2.6 2.8 2.2 5.7 2.9 1.5

Texas 1.5 5.2 2.1 2.2 2.0 5.6 2.7 1.5

Mississippi 1.6 7.2 2.6 3.2 2.0 6.4 2.7 1.7

Georgia 1.6 5.2 2.5 2.1 2.1 5.9 2.9 1.7

Nf‘” Y0“ 1.5 4.6 2.0 1.8 1.8 4.2 2.4 1.3
City

Delaware 1.6 6.0 2.6 2.7 2.2 6.8 2.9 1.9

Alabama 1.7 7.7 2.9 3.6 2.1 6.2 2.9 1.9

Arizona 1.4 4.1 1.9 1.6 2.0 5.2 2.5 1.2

California 1.5 4.1 2.3 1.8 2.2 5.2 2.9 1.5

Kansas 1.6 5.0 2.2 2.1 2.1 5.4 2.8 1.6

Pennsylvania 1.8 7.2 2.8 2.9 ' 2.3 6.7 3.1 1.9

Florida 1.7 6.5 2.5 2.6 2.0 5.5 2.8 1.6

Nebraska 1.7 6.1 2.5 2.3 2.4 6.4 3.1 1.7

Massachusetts 1.6 4.5 2.4 1.9 1.9 4.2 3.3 1.6

Virginia 1.7 6.4 2.7 2.6 2.3 6.0 3.0 1.8

Tennessee 1.6 6.4 2.6 2.9 2.0 6.2 2.8 1.8

Ohio 1.6 5.9 2.4 2.6 2.2 6.3 3.0 1.8

Colorado 1.5 5.1 2.3 2.3 1.9 5.9 2.8 1.6

Missouri 1.8 8.1 2.7 2.9 2.2 6.1 2.9 1.7

North. 1.7 7.0 2.6 3.1 2.2 6.5 3.0 2.0
Carolina         
 

* Relative risks expressed are (black proportion) + (white proportion)

1 Risk differences expressed are (black proportion) - (white proportion), expressed as the

excess proportion (%) of black infants affected by the characteristic

I States ordered from high 1M disparity ratio to low IM disparity ratio
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Table 2.5 (continued). State-specificrelative risks* and risk differences] of selected

infant birth certificate characteristics: United Statesi, 2000-2002

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Low Very Low

(:32?) P‘e‘e‘m very Preterm Birthweight Birthweight

RR RD RR RD RR RD RR RD

Maryland 1.7 6.4 2.8 2.8 2.3 6.4 3.1 1.9

Minnesota 1.4 2.8 2.4 1.8 2.1 4.5 3.1 1.5

Nevada 1.6 6.2 2.4 2.3 2.2 6.1 2.8 1.4

30m“. 1.7 6.7 2.8 3.0 2.2 6.8 3.1 1.9
Carolina

New. 1.5 5.0 2.0 2.3 1.8 5.3 2.8 1.8
Mexrco

New York 1.8 6.4 2.7 2.6 2.3 6.1 3.4 1.9

Michigan 1.9 7.9 3.1 3.2 2.5 7.3 3.5 2.0

Illinois 1.8 7.6 2.8 3.1 2.5 7.3 3.5 2.0

New Jersey 1.8 6.8 2.7 2.9 2.3 6.2 3.4 1.9

mm“ 9f 2.0 8.8 2.6 3.4 2.5 7.8 3.1 2.1
Columbia

Connecticut 1.6 4.4 2.9 2.7 2.2 5.7 3.3 2.1

Wisconsin 1.9 7.8 3.1 3.3 2.6 6.9 3.4 1.9 '        
 

2.4.5 Racial inequalities among selected maternal characteristics

Table 2.6 shows RR and RD of selected maternal sociodemographic factors. States

were ordered according to DRs in 1M from low to high. Large state variations in

inequality measures were seen in each of the maternal characteristics, with the largest

nationwide variation in RRs and RDs were seen within marital status (United States

RR=2.5; range=1.7 in New York City and Arizona to 3.6 in Alabama; RD=40.6%; range

24.% in Arizona to 57.8% in Wisconsin).
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Figure 2.8 Relative Risk of Teen Pregnancy, United States 2000-2002
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Figure 2.9 Risk Difference of Teen Pregnancy, United States 2000-2002

  
Risk Difference

I '7 2.00. 7.20

.77-51

a; 721-920

- 9-11- ”-00 l-l—r-r-l—rfi—r'l

- 11.01.1330 0 150 300 600Mllcs

54



55

T
a
b
l
e
2
.
6
.
S
t
a
t
e
-
s
p
e
c
i
fi
c
r
e
l
a
t
i
v
e
r
i
s
k
s
*
a
n
d
r
i
s
k
d
i
f
f
e
r
e
n
c
e
s
?
o
f
s
e
l
e
c
t
e
d
m
a
t
e
r
n
a
l
b
i
r
t
h
c
e
r
t
i
fi
c
a
t
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
:
U
n
i
t
e
d

S
t
a
t
e
s
t
,
2
0
0
0
-
2
0
0
2
.

  

U
n
i
t
e
d
S
t
a
t
e
s

 

 
 

 A
r
k
a
n
s
a
s

 

-
1
0
.
3
 

K
e
n
t
u
c
k
y

-
7
.
2
 

W
e
s
t
V
i
r
g
i
n
i
a

0
.
6
 

W
a
s
h
i
n
g
t
o
n

 

-
0
.
2
 

R
h
o
d
e

I
s
l
a
n
d

8
.
1

-
0
.
3
 

O
k
l
a
h
o
m
a

0
.
9

-
4
.
4

1
.
3
 

O
r
e
g
o
n

0
.
3

5
.
8

1
.
0
 

L
o
u
i
s
i
a
n
a

1
4
.
8

-
8
.
1

1
.
4
 

I
n
d
i
a
n
a

7
.
8

-
6
.
3

2
.
5
 

I
o
w
a

1
8
.
4

4
.
8

1
.
5
 

T
e
x
a
s

-
1
2
.
0

-
0
.
8

1
.
6
 

M
i
s
s
i
s
s
i
p
p
i

8
.
7

-
1
1
.
9

0
.
4

1
.
8
 

G
e
o
r
g
i
a

-
l
.
2

-
6
.
2

-
0
.
1

1
.
3
 

N
e
w
Y
o
r
k
C
i
t
y

1
.
4

1
.
7

0
.
3

0
.
9
 

D
e
l
a
w
a
r
e

6
.
6

4
0
.
9

-
1
.
2

0
.
2

2
.
5

0
.
6
 

A
l
a
b
a
m
a

3
5
.
9

5
.
5

4
9
.
3

-
1
0
.
6

0
.
3

1
.
3

0
.
2
 

A
r
i
z
o
n
a

2
1
.
4

-
7
.
0

2
4
.
9

3
.
6

0
.
7

1
.
9

3
.
7
 

C
a
l
i
f
o
r
n
i
a

1
2
.
3

-
1
6
.
7

2
9
.
2

0
.
0

1
.
0

0
.
0

1
.
3

2
.
6
  Kansas

 
 

 
3
.
8

 23.8
 1.3  5.5

 2.5  41.6
  

-
0
.
7

 2.2  0.6  0.7
 -0.6
 

*
R
e
l
a
t
i
v
e
r
i
s
k
s
e
x
p
r
e
s
s
e
d
a
r
e
(
b
l
a
c
k
p
r
o
p
o
r
t
i
o
n
)

-I
-
(
w
h
i
t
e
p
r
o
p
o
r
t
i
o
n
)

'1
'
R
i
s
k
d
i
f
f
e
r
e
n
c
e
s
e
x
p
r
e
s
s
e
d
a
r
e
(
b
l
a
c
k
p
r
o
p
o
r
t
i
o
n
)

-
(
w
h
i
t
e
p
r
o
p
o
r
t
i
o
n
)
,
e
x
p
r
e
s
s
e
d
a
s
t
h
e
e
x
c
e
s
s
p
r
o
p
o
r
t
i
o
n
(
%
)
o
f
b
l
a
c
k
m
o
t
h
e
r
s

1:
S
t
a
t
e
s
o
r
d
e
r
e
d
f
r
o
m
h
i
g
h
I
M

d
i
s
p
a
r
i
t
y
r
a
t
i
o
t
o
l
o
w
1
l
e
d
i
s
p
a
r
i
t
y
r
a
t
i
o

 



56

T
a
b
l
e
2
.
6
(
c
o
n
t
i
n
u
e
d
)
.
S
t
a
t
e
-
s
p
e
c
i
fi
c
r
e
l
a
t
i
v
e
r
i
s
k
s
*
a
n
d

r
i
s
k
d
i
f
f
e
r
e
n
c
e
s
?
o
f
s
e
l
e
c
t
e
d
m
a
t
e
r
n
a
l
b
i
r
t
h
c
e
r
t
i
fi
c
a
t
e

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
:
U
n
i
t
e
d
S
t
a
t
e
s
i
,
2
0
0
0
-
2
0
0
2
.

 

 

 

P
e
n
n
s
y
l
v
a
n
i
a
 

 

F
l
o
r
i
d
a

 

 

N
e
b
r
a
s
k
a

 

 

M
a
s
s
a
c
h
u
s
e
t
t
s
 

V
i
r
g
i
n
i
a
 

T
e
n
n
e
s
s
e
e
 

O
h
i
o
 

C
o
l
o
r
a
d
o
 

M
i
s
s
o
u
r
i
 

N
o
r
t
h
C
a
r
o
l
i
n
a
 

M
a
r
y
l
a
n
d
 

M
i
n
n
e
s
o
t
a
 

N
e
v
a
d
a
 

S
o
u
t
h
C
a
r
o
l
i
n
a
 

N
e
w
M
e
x
i
c
o
 

N
e
w
Y
o
r
k

1
0
.
3
 

M
i
c
h
i
g
a
n

1
0
.
3
 

I
l
l
i
n
o
i
s

1
3
.
5
 

N
e
w

J
e
r
s
e
y

9
.
8
 

D
i
s
t
r
i
c
t
o
f
C
o
l
u
m
b
i
a

1
3
.
1
 

C
o
n
n
e
c
t
i
c
u
t

8
.
8
 

W
i
s
c
o
n
s
i
n

1
8
.
3

3
.
4
  

  
 

 
 

 

 
 

 
 

 
 

 
 

 
  

 
 



2.4.6 Racial inequalities in selected state characteristics

Table 2.7 includes RS and RDs of selected state sociodemographic factors.

Relative inequality measures, demonstrate that blacks were more likely than whites to be

foreign born, less than high school educated, unemployed and in poverty

(RR = 1.2,] .2, 2.5, 2.7, respectively.) Absolute inequality measures demonstrate that

blacks were less likely than whites to have a high school degree, college degree, or be

employed (RD = -9.6%, -12.0%, -4.0%). Between states, there was little variation in

inequality measures for the proportion with greater than a high school degree and

employment status when measured with the RR; both categories ranged from 0.7 to 1.0.

In contrast, variation in RD among proportion with greater than a high school degree

ranged from -24.0% to 1.5%. Also of interest was the trend in education inequalities with

inequalities increasing as educational level increased. The highest racial inequalities

were in the proportion college educated (RR=0.5%; RD = -12.0%).
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Figure 2.10 Relative Risk of Poverty, United States 2000-2002
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Figure 2.11 Risk Difference of Poverty, United States 2000-2002
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2.4.7 Correlation between infant mortality, disparity ratios and disparity differences

To determine which measure of 1M disparity was more correlated with race-specific

IM rates, table 2.8 shows Pearson correlation coefficients between IM rates, DRs and

DDs. DRs were significantly correlated with both white and black 1M rates

(white IM r=-0.51; black IM r=0.57). While DDs were positively correlated with black

IM rates (r=0.91) but, were not at all correlated with white 1M rates (r=0.03). Relative

and absolute disparities consistently reflected black 1M rates, while the relationship with

white IM rates was not as consistent. As expected, DRs and RDs were significantly

correlated with each other (F086).
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Table 2.8. Correlations. between infant mortality], disparity ratios: and disparity

differences§: United States, 2000-2002.

 

 

 

 

 

 

  

All States

Infant Mortality . . (n=41 states) . .

Disparity Disparity

Ratio Difference

Total 0.01 0.33

White -0.51 -0.03

Black 0.57 0.91

Disparity Ratio 1.00 0.86

Risk Difference 0.86 1.00   
* Pearson correlation coefficients (r)

‘1' Infant mortality rates expressed per 1,000 live births

I Disparity ratios expressed are (black IM) + (white IM)

§ Disparity difference is expressed as (black IM) — (white IM)

Bold indicates significant correlation at 0.05 level

The next three tables determined which sociodemographic inequalities were most

correlated with racial disparities in IM. They also examined if Pearson correlation

coefficients between inequalities in exposures and disparities in outcomes differed by

disparity measure used. Model 1 shows the unadjusted Pearson correlation coefficient,

model 2, shows adjustment for the total (white and black) state-specific proportion of the

exposure variable of interest and model 3 shows full adjustment for all confounding

variables, along with the percent of each state that is black.

2.4.8 Correlation between inequalities in infant antecedents and disparities in infant

mortality

Table 2.9 shows correlations between inequalities in infant sociodemographic factors

and disparities in IM. While both absolute and relative 1M disparity measures were

positively correlated with a number of infant sociodemographics, inequalities in VLBW

were considerably more correlated with DRs and DDs in fully adjusted models than the

other infant factors (RR r=0.75 and 0.60, for DR and DD, respectively; and RD r=0.63
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and 0.57 for DR and DD, respectively). Surprisingly, the LBW RD was not significantly

associated with either 1M disparity measure in fully adjusted models. Although both the

DR and DD were significantly correlated with the same infant inequalities, the DR was

most correlated with inequalities in infant sociodemographic measures.

Table 2.9. Correlations. between proportion of infant antecedents], disparity ratiosI

and disparity differences§: United States, 2000-2002.

 

 

 

 

 

 

 

 

 

 

   

Relative Absolute

Infant Antecedent Disparity Ratio Disparity Difference

Inequality Model Model Model Model Model Model

1]] 20 3'" 1 2 3

Preterm Ratio , 0.43 0.24 0.10 0.46 0.32 0.05

Preterm Difference 0.22 0.17 0.06 0.42 0.30 0.02

VeLy Preterm Ratio 0.49 0.38 0.53 0.53 0.43 0.36

Very Preterm Difference 0.37 0.40 0.51 0.55 0.49 0.41

Low Birthweight Ratio 0.61 0.53 0.58 0.60 0.61 0.54

Low Birthweight Difference 0.46 0.52 0.65 0.67 0.67 0.67

Very Low Birthweight Ratio 0.75 0.70 0.75 0.62 0.63 0.60

V?” LOW B‘m‘we‘gh‘ 0.56 0.57 0.63 0.65 0.62 0.57
leference .    
 

* Pearson correlation coefficients (r)

I Infant antecedents are from all black and white infants, singleton infants born during

the study period and are aggregated to the state

I Disparity ratios expressed are (black IM) + (white IM)

§ Risk difference is expressed as (black IM) — (white IM)

Bold indicates significant correlation at 0.05 level in fully adjusted models

|| Model 1: Unadjusted Model

1] Model 2: Adjusted for the proportion of each variable in the total (white and black)

population

** Model 3: Additionally adjusted for proportion black and confounding inequalities in

maternal and state sociodemographic risk factors
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2.4.9 Correlation between inequalities in maternal characteristics and disparities in

infant mortality

Table 2.10 shows correlations between inequalities in maternal sociodemographic

factors and disparities in IM. Despite significant correlation in unadjusted models,

inequalities in maternal factors were not significantly correlated with disparities in 1M (as

measured by the DR or DD). While inequalities in teen pregnancy and the proportion

with unknown fathers were correlated with 1M disparity measures in unadjusted models 1

and 2, they failed to reach statistical significance in adjusted model 3.
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Table 2.10. Correlations. between proportion of maternal birth certificate

characteristicsi', disparity ratiosI and risk differences§: United States, 2000-2002.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Relative Absolute

. Disparity Ratio Disparity Difference

Maternal Inequality Model Model Model Model Model Model

1]] 2]] 3** 2 1 2

Teen Pregnancy Ratio 0.62 0.55 0.27 0.48 0.56 0.31

T?“ Pregnancy 0.36 0.34 0.18 0.47 0.47 0.27
Difference

Unknown Father Ratio 0.33 0.36 0.32 0.31 0.36 0.20

Uf‘kmwn Father 0.21 0.13 -0.15 0.40 0.24 -0.08
Difference

< High School Ratio 0.31 0.21 0.06 0.23 0.27 0.00

< Hijh School Difference 0.23 0.09 -0.21 0.26 0.31 -0.04

Unmanied Ratio 0.27 0.32 0.10 0.38 0.40 0.05

Unmarried Difference 0.16 0.20 -0.14 0.33 0.35 -0.08

Tobacco Ratio 0.33 0.35 -0.13 0.21 0.19 0.00

Tobacco Difference 0.31 0.23 0.01 0.08 0.06 0.00

Alcohol Ratio 0.05 0.12 -0.02 -0.04 0.21 0.06

Alcohol Difference 0.1 1 -0.01 -0. 14 0.21 -0.06 -0.05

Inaiequat" Prenatal ca“ 0.18 0.17 0.19 0.17 0.17 0.14
Ratio

Infdequa‘e Prenatal care 0.24 0.17 0.21 0.09 0.10 0.08
Difference     
 

* Pearson correlation coefficients (r)

I Maternal characteristics are from all black and white women who gave birth to a

singleton infant during the study period and are aggregated to the state

I Disparity ratios expressed are (black IM) + (white IM)

§ Risk difference is expressed as (black IM) — (white IM)

Bold indicates significant correlation at 0.05 level in fully adjusted models

|] Model 1: Unadjusted Model

1] Model 2: Adjusted for the proportion of each variable in the total (white and black)

population

*"' Model 3: Additionally adjusted for proportion black and confounding inequalities in

maternal and state sociodemographic risk factors
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2.4.10 Correlation between inequalities in state characteristics and disparities in

infant mortality

Table 2.11 demonstrates correlations between inequalities in state sociodemographic

factors and disparities in IM. Inequalities in foreign born status were negatively

correlated with both relative and absolute disparity measures in IM, with the largest

correlation seen between R in foreign born status and DD in IM (r =-0.48). This

negative correlation indicates that as racial differences in the proportiOn foreign born

increases, racial disparities in 1M decrease. Inequalities in education, unemployment

status, and percent poverty were not significantly correlated with racial disparities in 1M

after adjustment for confounding variables.
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Table 2.11. Correlations‘' between proportion of state census characteristicst,

disparity ratiosI and disparity differences§: United States, 2000-2002.

 

 

 

 

 

 

 

 

 

 

 

 

 

    

' Relative Absolute

. Disparity Ratio Disparity Difference

State Inequal’ty Model Model Model Model Model Model

H] 2]] 3** 1 2 3

Foreign Born Ratio -0.06 -0.05 -0.36 -0.29 -0.30 -0.48

Foreign Born Difference , -0.00 0.01 -0.26 -0.26 -0.26 -0.41

< High School Ratio 0.02 -0.04 -0.29 0.05 0.01 -0.31

< High School Difference 0.08 0.03 -0.19 0.13 0.10 -0.13

2 High School Ratio -0.18 -0.20 0.11 -0.20 -0.21 0.11

2 High School Difference -0.33 -0.36 -0.11 -0.34 -0.35 -0.10

2 College Ratio -0.39 -0.31 -0.32 -0.40 -0.40 -0.29

2 College Difference -0.18 0.10 0.14 -0.15 -0.13 -0.03

Unemployed Ratio 0.28 0.20 -0.26 0.32 0.31 -0.05

Unemployed Difference 0.12 0.13 -0.39 0.21 0.22 -0.17

Poverg Ratio 0.42 0.26 0.09 0.33 0.27 0.15

Poverty Difference -0.11 -0.04 -0.31 0.03 0.07 -0.10    
 

 
* Pearson correlation coefficients (r)

'I State characteristics are state-level census characteristics which represent all races, ages

and both sexes in a state

I Disparity ratios expressed are (black IM) -=- (white IM)

§ Risk difference is expressed as (black IM) — (white IM)

Bold indicates significant correlation at 0.05 level in fully adjusted models

]] Model 1: Unadjusted Model

1] Model 2: Adjusted for the proportion of each variable in the total (white and black)

population

** Model 3: Additionally adjusted for proportion black and confounding inequalities in

maternal and state sociodemographic risk factors

2.5 Discussion

2.5.1 Nationwide variation in infant mortality rates

Considerable nationwide variation in [M was seen dining the study period. The

highest IM rates were found in the southeastern part of the US. with the District of

Columbia and Mississippi having rates twice the national average. Our finding of

regional patterns in IM was similar to those of other studies which examined state level

differences in infant mortality [4, 32, 35, 36]. High southern IM rates such as those seen
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in our results led the Southern Governor’s Association to identify IM as a focus area for

increased effort [4].

2.5.2 Racial disparities in infant mortality

State level differences in IM were even more pronounced when examining race-

specific rates. Among white infants, southern states again had the highest 1M rates, while

black IM rates were highest in the north and midwest. The highest disparities were

primarily found in the northern states with black infants in Wisconsin, Connecticut and

the District of Columbia three times as likely to die as their white counterparts. This

amounted to an excess of 10 deaths per 1,000 live births among black infants in the

highest disparity states. The DR as a measure of relative disparity and the DD as a

measure of absolute disparity had similar, but not identical, results when identifying the

highest and lowest disparity states. Among those identified as low disparity states, DDs

included more states with low 1M rates (ie. New York City, Massachusetts and Texas).

On the other hand, categorizing disparity based on the DR allowed states with high IM

rates to be counted as low disparity states (ie. Louisiana and Oklahoma).

Racial composition scores were most predictive of absolute disparities and more

closely followed black 1M rates than white IM rates. According to racial composition

scores for the lowest and highest disparity states, low disparities primarily reflected low

black 1M rates (as opposed to high IM white rates), while high disparities primarily

reflected high black IM rates (as opposed to low white IM rates). To our knowledge, this

use of racial composition scores to characterize nationwide variation in disparity across

had not previously been examined.

2.5.3 Racial inequalities in sociodemographic factors
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Similar to other studies of racial disparities in socioeconomic factors [26, 28, 37, 70-

72], our study found striking racial inequalities in socioeconomic factors at the infant,

maternal and state level. Similar to other studies, inequalities in gestational age and

birthweight categories were found to vary by state [29, 31, 68] with the highest rates

found in the south but the highest racial disparities found in the midwest. Racial

differences in infant factors also varied by inequality measure used [10]. Furthermore, we

also found that the prevalence of each infant factor influenced the magnitude of relative

and absolute inequalities in different ways. Relative inequalities were more pronounced

for small proportions (ie. VPTB and VLBW) while absolute inequalities were larger

when overall rates were larger (ie. PTB).

Among maternal risk factors, the largest inequalities were seen in the proportion of

teen pregnancies [73] and the proportion unmarried [10]. Although variation in maternal

inequalities were seen by state, comparable inequality patterns emerged between relative

and absolute measures. Other studies which examined maternal risk factors have found

racial inequalities in maternal age, education, income and prenatal care among other

factors [10, 28, 37] although these have not been well examined on a national level.

Similar to other studies, our study found racial inequalities in state level census

factors [28, 70-72]. Nationwide variation in inequalities were seen for each of the state

factors, with the largest fluctuations seen among relative inequalities in the proportion

with greater than a college degree and the percent poverty. As with maternal

sociodemographic factors, studies have examined racial differences in these state-level

census variables, but state—specific racial differences have not been well examined on a

national level.
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2.5.4 Correlation between disparity measures and infant mortality

Racial composition score findings were reinforced when examining correlations

between IM rates and disparity measures. While relative and absolute disparity measures

were significantly correlated with each other, they exhibited different relationships with

1M rates. Absolute measures of disparity were strongly correlated with black IM rates,

while both black and white IM rates equally contributed to relative disparity measures.

Results indicated that the absolute disparity measure more closely reflected black 1M

rates than did the relative disparity measure.

2.5.5 Correlation between inequalities in exposures and disparities in outcome

Racial inequalities in infant characteristics were strongly correlated to both relative

and absolute disparity measures in IM. Numerous studies have shown robust associations

between preterm/low birthweight birth and risk of infant death and between preterm/low

birthweight birth [11] and racial disparities in infant mortality [46, 52]. In addition, the

proportion ofVLBW births has long been correlated with national differences in IM rates

[74]. While inequalities in both VPT and VLBW births were significantly correlated with

disparities in IM, of interest were differences in the magnitude of prediction for each of

the infant factors. Inequalities in the proportion ofVLBW births were the strongest

predictor of nationwide variation in racial disparities inIIM. Although other studies have

found strong relationships between the proportion ofVLBW births and 1M rates [74], it is

unclear why inequalities in VLBW births would be a stronger predictor than inequalities

in VPTB. A possible reason is misreporting of gestational age reporting versus the

reporting birthweight in vital statistics data [62].
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The ~200 gram difference in birthweight [75] between blacks and whites could have

something to do with the higher correlation between inequalities in VLBW and

disparities in [M but there is also a ~6 day difference in gestational age [76] between the

races as well. Or, the effect of inequalities in the proportion of very low birthweight

births could just be the strongest predictor of racial disparities in IM. Despite reasons for

differences in the magnitude of the effect, VLBW births and VPTB are still the largest

risk factors for IM and should still be prevented.

Other than its association with preterm birth, the relationship between race, low

birthweight and risk of IM is not a straight forward one. Populations with a higher

percent ofLBW births often have higher rates of IM. But, LBW infants from these same

populations often have lower mortality than LBW infants from populations with a more

favorable birthweight distribution (ie. black vs. white infants) [77]. Examined another

way, among LBW infants, risk of IM is relatively independent of the social and

demographic factors that affect the overall 1M rate. It appears that those social factors

influence 1M by altering the birthweight distribution (ie. increasing the proportion of low

birthweight births), whereas for a given birthweight, the influence of those factors is

relatively small, specifically among black infants [52]. This concept is referred to as the

LBW paradox. Despite this complex relationship between birthweight, race and IM, the

fact remains that the smallest infants are at the greatest risk of mortality [6]. Furtherrnore,

as this research shows, inequalities in the very low birthweight proportion are

consistently correlated with disparities in IM.

After adjustment, relative and absolute inequalities in maternal factors were not

significantly correlated with racial disparities in IM. The strong positive correlation seen

72



between inequalities in teen pregnancy and disparities in 1M were no longer significantly

correlated afier accounting for confounding variables such as education and marital

status. Another study examining 1995-1996 linked birth infant death data found that

racial disparities in IM risk varied by teen category, with infants born to 18-19 year old

blacks more likely than their white counterparts to die, while the risk of infant death was

lower for blacks whose mothers were less than 18 [78]. Overall, black women are more

likely to have a teen pregnancy, which increases 1M risk. This excess in teen pregnancy

among black mothers could account for the significant correlation between inequality in

teen pregnancy and disparities in IM. While there was a lack of correlation between

inequalities in maternal sociodemographic factors and disparities in IM in state level

analyses, these factors have still been found to influence the risk of individual infant

death.

With respect to correlations between inequalities in state level factors and disparities

in IM, inequalities in the proportion foreign born and in the percent poverty were

significantly correlated with racial disparities in IM, even after accounting for other

confounding variables. Although numerous studies have evaluated the effect of foreign

born status on racial differences in infant outcomes [79, 80], to our knowledge a state-

level examination of inequalities in foreign born status has not yet been done.

Historically, the effect of poverty on racial disparities in 1M has been examined by

numerous studies [81-83]. More recently, Sims (2007) examined the effect of urban area

poverty on racial disparities in 1M and found that high poverty was significantly

associated with black/white racial disparities in IM. But, unlike our results, the black

poverty coefficient shrunk by 78% when other maternal factors were added to the model.
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Other studies have found associations between in income inequality, education, medical

care, proportion black, and unemployment [33, 34, 84, 85], and population level IM

although many of these were modest associations. The most consistent state-level

predictor of 1M in these studies was the proportion of the population which was black.

We also found that the proportion black was significantly correlated with racial

disparities in 1M (results not shown). There are several theories as to why social

inequalities could be related to health [41]. Social capital theories assert that individual

and group level relationships influence population health either directly or indirectly

through proximal factors. Psychosocial theories hold that inequalities in social standing

create stress that can eventually damage a person’s health. Others have suggested that

areas with greater social inequalities may systematically under invest in health care and

housing which may lead to poor health status among disadvantaged groups [84].

Schoendorf (1992) found that racial disparities in IM persist even after classification on

socioeconomic position. In contrast to black infants in the general population, black

infants born to college educated parents have higher 1M rates than similar white infants

[37]. Cultural differences and institutionalized racism [5, 37, 86, 87], are also thought to

be contributors to racial disparities in infant outcomes directly or through access to

medical care but further studies are needed to examine their true contributions. Although

inequalities in state factors were not as strongly correlated with 1M disparities as were

inequalities in infant factors, this research is in line with suggestions that racial disparities

in 1M reflect inequalities among socioeconomic groups in state level characteristics [88].

2.5.6 Other reasons for national variation in disparities in infant mortality
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This study examined the effect of inequalities in sociodemographic risk factors for IM

on racial disparities in IM. Another factor which could have accounted for nationwide

variation in 1M disparities are state discrepancies in the reporting of live births and infant

or fetal deaths, especially at non—viable birthweights or gestations and state differences in

access to medical care. While it is unlikely that state to state variations in the quality of

vital records contributes to differences noted in our results, since approximately 99

percent of all births are reported in the US, state level variation in the reporting of fetal

and infant deaths could influence state IM rates and disparities differently [36, 43, 45]. In

addition, since black infants are more likely to be born at extremely preterm gestations [1,

2, 10], race may differentially affect the reporting of these non-viable births, therefore

leading to disparities in IM.

2.6 Conclusion

Our study found that relative and absolute measures of disparity provided similar, but

not identical results when examining inequality in infant, maternal and state

sociodemographic factors. They provided different results, however, when examining

state-level racial disparities in IM. The combination of racial composition scores and

disparity measures shed new night on highest and lowest disparity states. The evaluation

of both racial disparities and racial composition scores leads to conclusion that

Washington has the lowest relative disparities in IM and Massachusetts has the lowest

absolute racial disparities in 1M since they have low DRs and DDs in addition to low

black and low white racial composition scores. On the other hand, Tennessee and Ohio

would be the highest disparity states because they have high disparity measures, high

black and high white racial composition scores. Furthermore, a state such as New Jersey,
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which has low black and low white racial composition scores, would not be listed as a

high disparity state.

State differences in the proportion of VLBW births were the strongest predictor of

racial disparities in IM and efforts should be made to target women who are at high risk

for a VLBW birth. Furthermore inequalities in foreign born status and percent poverty

were also significantly correlated with national variation in 1M disparities. Inequalities in

maternal factors did not play a strong role in nationwide variation in IM disparities, but

are still important predictors of individual IM risk. Due to differences in 1M disparity

results depending on the measure used, future studies examining reasons for state-level

differences in racial disparities in IM, should use both relative and absolute disparity

measures. Care should also be taken when examining nationwide variation in racial

disparities in IM and interpretation of results should include discussion of how results

differ, with the disparity measure used.
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CHAPTER 3: THE IMPACT OF FETAL DEATH REPORTING PRACTICES ON

RACIAL DISPARITIES IN INFANT, EARLY AND LATE NEONATAL,

POSTNEONATAL, AND FETAL MORTALITY

This chapter includes an examination of the impact of state reporting practices on racial

disparities in infant, early and late neonatal, postneonatal and fetal mortality rates and is

study 2 for this three paper dissertation option.

3.1 Abstract

Objective: To determine the impact of state fetal death reporting requirements and

reporting of non-viable births on racial disparities in infant, early and late neonatal,

postneonatal and fetal mortality rates.

Methods: Birth and death certificate data from non-Hispanic white (white) and

non-Hispanic black (black) infants were obtained from the 2000-2002 Vital Statistics

Division of the National Center for Health Statistics linked birth/infant death and fetal

death dataset. Mortality rates were grouped by state fetal death reporting requirements

and by the proportion of non-viable births. Relative and absolute measures of racial

disparity were examined in relation to mortality. Logistic regression was used to examine

the effect of fetal death registration area and proportion of non-viable births on the risk of

race-specific mortality.

Results: Mortality rates and racial disparities were the highest among states with

birthweight only fetal death reporting criteria and among states with the highest

proportion of non-viable births recorded in birth certificates. The largest proportion of

this difference was accounted for by births S 22 weeks gestation. Racial disparities in

fetal deaths were highest among states which report all products of conception and
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among states with the highest proportion of non-viable births. The absolute measure of

disparity was most sensitive to registration area differences in disparity.

Conclusions: Fetal death registration area and proportion non-viable differences

in mortality were most pronounced among black, extremely preterm infants. A uniform

definition of fetal death should be adopted to reduce systematic differences in the

reporting of live births and fetal deaths.

3.2 Introduction

3.2.1 Nationwide variation in racial disparities in infant mortality

Racial disparities in infant mortality (IM) rates (death prior to 1 year of age per 1,000

live births) have been a problem in the US. for decades with some states experiencing

higher disparities than others [1 , 2, 4, 6, 29, 31—36, 63]. Little is understood of the cause

for state-level differences in IM rates and racial disparities in IM rates but states have

been found to vary in population risk characteristics, prevalence of low birthweight, and

geographic obstacles to delivery in care [4]. The reporting of fetal deaths and births at

the border of viability has received little attention in relation to state-level variation in IM

rates[36, 45] and even less in relation to racial disparities[43].

3.2.2 Fetal death reporting

Variation in the completeness and accuracy of reporting fetal and infant deaths

can influence both fetal and infant mortality rates [43]. Although all states require the

reporting of a live birth regardless of the length of gestation or weight, there is

considerable variation in fetal death reporting criteria. The 1992 revision of the Model

State Vital Statistics Act and Regulations recommend the following definition of fetal

death: “. . .death prior to the complete expulsion or extraction from its mother of a product
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of human conception. . .after such expulsion or extraction the fetus does not breathe or

show any evidence of life such as beating of the heart, pulsation of the umbilical cord or

definite movement of voluntary muscles. . .each fetal death of 350 grams or more, or if

weight is unknown, of 20 completed weeks of gestation or more. . .shall be reported

within 5 days after delivery” [44]. Thirty eight of the US. registration areas use a

definition similar to this definition while twelve areas use a shortened or different

definition of fetal death.

Because there is only a recommended definition of fetal death, systematic

variation does appear in state reported rates of low birthweight fetal deaths. In addition,

imprecision in recognizing or acknowledging very brief and faint signs of life may lead to

systematic variations in reporting a delivery as a live birth or a fetal death [43]. Previous

studies have examined the effect of reporting differences on the proportion of low

birthweight births [45, 46], racial differences in perinatal mortality [43], and neonatal

mortality [36]. Although there is conflicting evidence on the effect of reporting

differences on state-level differences in perinatal outcomes, Wingate [43] found that there

may be underreporting of low birthweight fetal deaths and recommended further analyses

to establish if black fetal death rates are underreported. Systematic misclassification of

very low birthweight infants as fetal deaths could lead either to an underestimation or an

overestimation of the overall 1M rate and racial disparities in IM rates, depending on the

racial composition of the under- or over-reported deaths.

3.2.3 Study Objective

The objective of this study was to determine the impact of state differences in a) fetal

death registration requirements and b) the reporting of births at the border of viability on
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absolute and relative racial disparities in reported infant, early and late neonatal,

postneonatal and fetal mortality rates. We hypothesized that reported infant and fetal

mortality rates and racial disparities in reported mortality rates would vary depending on

the a) restrictiveness of fetal death reporting requirements and b) proportion of live births

reported at the border of viability. We further hypothesized that racial disparities would

vary depending on the disparity measure (relative vs. absolute) used. The effects of

reporting requirements and the proportion of non-viable births were expected to vary by

gestational age at birth, with the strongest hypothesized effect on mortality rates and

disparities among extremely preterm infants.

3.3 Materials and Methods

3.3.1 Study Population

The source population included singleton, live births, infant deaths and fetal

deaths to non-Hispanic white and non-Hispanic black (hereafter referred to as white and

black) maternal residents of the US. (n=10,999,362 live births; 66,566 infant deaths;

154,712 fetal deaths). Due to documented, systematic variation in the reporting of infant

and fetal deaths less than 20 weeks gestation, these records were excluded (n=2,902 live

births; 2,331infant deaths; 80,783 fetal deaths). Usually, records missing gestational age

are excluded from analyses such as these, but due to the thought that missing gestational

age information could lead to state-level discrepancies in infant and fetal mortality,

records missing information on gestational age were examined as well (n=108,784 live

births; 2,174 infant deaths; 7,563 fetal deaths). The study population therefore included

10,996,460 live births, 64,235 infant deaths and 73,929 fetal deaths.

3.3.2 Data source and Preparation
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Birth and linked infant death records and fetal death records were obtained from

the 2000-2002 Linked Birth/Infant Death Dataset, and the 2000-2002 US. Fetal Death

Dataset produced by the National Center for Health Statistics (NCHS) Division of Vital

Statistics [59]. Three years of cohort, as opposed to period, data were used in order to

obtain a sufficient number of infant cases in the numerator and live births in the

denominator from which to produce stable mortality rates. Cohort data links infants born

in one year to subsequent deaths regardless to whether the death occurred during the birth

year, or the following year. Birth cohort data files were preferred for this analysis because

they followed a given cohort of births for an entire year to ascertain mortality-specific

information. Since fetal deaths do not have a corresponding birth certificate, this cohort

argument only applies to infant deaths.

National birth and linked infant death records make use of state linked files for the

identification of linked birth and infant death certificates and NCHS natality and

mortality computerized statistical files. When the birth and death of an infant occur in

different states, copies of the records are exchanged by the state of death and the state of

birth in order for the record to be linked. In addition, if a third state is identified as the

state of residence at the time of birth or death, that state is also sent a copy of the

appropriate certificate by the state when the birth or death occurred. Fetal death statistics

for every year are based on all reports of fetal death received by the NCHS and include

fetal deaths occurring at a stated or presumed gestation of 20 weeks or more. Reporting

requirements for fetal deaths vary from state to state, therefore, reporting is not as

complete for fetal deaths as it is for live births and subsequent infant deaths. Fetal death
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reporting is believed to be relatively complete for fetal deaths at 2 28 weeks gestation

[60].

The NCHS natality and mortality files, produced annually, include data from birth

and death certificates that are provided to NCHS by states under the Vital Statistical

Cooperative Program. Data were coded according to uniform coding specifications,

passed rigid quality control standards, were edited and reviewed and are the basis for

official US. birth and death statistics [59].

3.3.3 Outcome Variables

Reported mortality rates included IM (infant death between 1 and 364 days / live

births), early neonatal mortality (infant death during the first 6 days of life / live births),

late neonatal mortality (infant death between 7 and 27 days of life / live births - early

neonatal deaths), postneonatal mortality (infant death between 28 days and 364 days of

life / live births — neonatal deaths) and fetal mortality (fetal death 220 weeks gestation /

live births + fetal deaths) and were expressed per 1,000 live births (table 2). Crude

mortality rates in addition to rates stratified by race were calculated.

Both relative, via the diSparity ratio (DR), and absolute, via the disparity difference

(DD) measures of racial disparity in mortality were employed to test which was most

sensitive when assessing nationwide variation in racial disparity. The DR, one of the

most commonly used measures of health disparity, was calculated by dividing the

reported mortality rate of the most disadvantaged group (black infants) by the reported

mortality rate of the most advantaged group (white infants). In the case of no disparity,

the value the DR took was one. The DD, a measure of the absolute disparity between

two groups, was calculated by subtracting the reported mortality rate among the most
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advantaged group (white infants) from the reported mortality rate among the most

disadvantaged group (black infants). In the case of no disparity, the value the DD took

was zero. All DDs were expressed per 1,000 live births.

3.3.4 Exposure Variables

State level fetal death reporting requirements and the proportion of live births at

the border of viability were the main exposures of interest. For the purpose of this study,

state referred to birth state, as opposed to maternal state of residence. Although infant

‘exposure’ to state reporting requirements do not increase risk of IM or racial disparities

in 1M per se, state reporting practices could influence whether a death is classified as a

live birth and subsequent infant death, or classified as a fetal death. The exposure-

outcome relationship was therefore the effect of reporting practices on the risk of being

classified as a infant death versus the risk of being classified as a fetal death.

Fetal death registration areas were classified by two sets of criteria. The first was

the state adopted fetal death reporting requirements classification system (table 1) and the

second set of criteria included four consolidated categories thought to capture most of the

reporting differences which may occur through birthweight or gestational age criteria

(table 2). Registration areas were consolidated to account for small sample sizes in a

number of the fetal death registration areas (ie. birthweight Z 350 grams: Kansas,

birthweight Z 400 grams or gestation ofZ 20 weeks: Michigan, birthweight Z 500 grams

or gestation ofZ 20 weeks: District of Columbia and gestation ofZ 16 weeks:

Pennsylvania). The newly created registration areas included states which reported: 1. all

products of conception; 2. birthweight criteria or gestational age criteria; 3. birthweight

criteria, only; 4. gestational age criteria, only. Newly created fetal death registration
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areas were then ranked from ‘most liberal’ which included states which report all

products of conception, regardless of the birthweight or gestational age to the ‘most

strict’ which included states which report based on report gestational age criteria, only.

Table 3.1. Fetal death registration requirements, 1997 revision.
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Figure 3.1. Fetal Death Registration Areas, United States 1997 Revision

  Area
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Table 3.2. Consolidated fetal death reporting requirements, United States 2000-

2002.
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The second reporting exposure of interest was the proportion of non-viable live

births. This exposure was classified by the proportion of live births <500 grams and <23

weeks gestation within each state. The proportions for each state were ranked from

smallest to largest by the proportion <500 grams then by the proportion <23 weeks and

were subsequently were split into four categories (table 3).
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Figure 3.2. Proportion of Non-Viable Births, United States 2000-2002
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Table 3.3. Borderline live births based on the proportion non-viable, United States

2000-2002.
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3.3.5 Gestational age stratification

Each state is required to report all fetal and infant deaths 220 weeks gestation so

reporting differences in mortality and disparity were stratified with this cut-point in mind.

The first gestational stratification included all live births, infant deaths and fetal deaths

2:20 weeks gestation and was selected as the ‘baseline’ estimator of reporting area

differences. Next, reporting differences among those missing information on gestational

age were examined. Since information on gestational age and/or birthweight was

required by most states for reporting purposes (table 3.1), mortality rates, relative and

absolute disparities among those missing information on birthweight or gestation age

were hypothesized to vary by fetal death registration area and proportion non-viable

category. Reporting differences were also hypothesized to fluctuate around 23 weeks

gestation, since lungs are thought to be too immature to survive before this point. For

this reason, mortality rates and disparities among infants 322 weeks gestation were also

examined. Additionally, mortality rates and disparities between 23-28 weeks were

examined to see if any reporting differences among infants 5 22 weeks were still

apparent.

3.3.6 Data Analysis

Logistic regression was used to model the effect of fetal death classification area and

the proportion of non-viable births on the race-specific risk of mortality. Gestational

week adjustments were made when appropriate to account for national variation in

gestational age at birth. Relative differences in gestational age specific mortality risk

between fetal death classification areas and proportion non-viable categories were
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quantified using the relative risk and statistical significance was determined with a 95%

confidence interval. All statistical analyses were conducted using SAS version 9.1.3.

3.3.7 Mapping

Maps were used to visualize national differences in IM rates and racial disparities

in IM rates. Continuous data were split into 4 categories based on quantile classification

within ArcGIS. Darker colors indicate higher rates, while lighter colors indicate lower

proportions/rates. We also mapped state differences in reporting practices. Maps were

created using ArcMap version 9.3 within ArcGIS version 9.

3.4 Results

3.4.1 Mortality rates, disparity ratios and disparity differences by race

From 2000-2002, there were 10,996,460 (white = 9,238,461; black = 1,757,999)

reported live births and 64,235 (white = 44,397 and black =19,838) reported infant deaths

in our study population. This resulted in a reported IM rate of 5.8 per 1,000 live births

(white IM=4.8 per 1,000 live births; black IM =11.3 per 1,000 live births). The DR was

2.4 and DD was 6.5 excess deaths per 1,000 live births. There were 73,929

(white=52,181 and black=21,748) reported fetal deaths in our study population. This

resulted in a fetal mortality rate of 6.7 (white=5.6 per 1,000 live births; black=12.2 per

1,000 live births), a DR of 2.2 and a DD of 6.6 excess fetal deaths per 1,000 live births

(table 3.4).
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Table 3.4. Mortality rates, disparity ratios and disparity differences, United States

2000-2002

 

 

 

 

 

 

 

. . Disparity Disparity
Mortality Rate“ Total White Black Ratio Difference”

Infant 5.8 4.8 11.3 2.4 6.5

Early Neonatal 3.1 2.5 6.3 2.5 3.8

Late Neonatal 0.8 0.7 1.5 2.1 0.8

Postneonatal 2.2 1.8 4.0 2.2 2.2

Fetal 6.7 5.6 12.2 2.2 6.6     
 

 
*expressed per 1,000 live births
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Figure 3.3. Total Infant Mortality Rates, United States 2000-2002

   Rate per 1,000 live births
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Figure 3.4. Disparity Ratios in Infant Mortality, United States 2000-2002

   Disparity Ratio
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Figure 3.5. Disparity Differences in Infant Mortality, United States 2000-2002

  
Disparity Difference per 1,000 live births
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3.4.2 Mortality rates and racial disparities among infants 2 20 weeks and with

unknown gestational ages by fetal death registration area

Table 3.5 shows mortality rates, relative disparities and absolute disparities

among infants with a reported gestational age ofZ 20 weeks and infants with unknown

gestational ages by fetal death registration area. Among infants with a reported

gestational age of Z 20 weeks, the highest infant mortality rates were generally seen in

fetal death classification area 3, with birthweight, only criteria. The lowest mortality
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rates were generally seen in fetal death classification area 1 which reported all products

of conception. In contrast to the mortality rates seen among infant deaths, area 1 had the

highest fetal mortality rates, while area 3 had the lowest fetal mortality rates.

Both absolute and relative disparity measures showed similar results, but the

largest variation between fetal death registration areas was seen with the absolute

measure. Nationally, DDs varied with differences ranging from 2.3 excess postneonatal

deaths per 1,000 live births to 6.8 excess infant deaths per 1,000 live births. DRs

demonstrated less national variation with black infants approximately 2.5 times as likely

as white infants to die during each period. The highest DRs and DDs for infant, early

neonatal, neonatal, and postneonatal mortality were found in registration area 3, while

registration area 1 had the highest fetal death DDs.

Infant, early neonatal and neonatal disparity measures among infants missing

information on gestational age were higher than disparity measures among infants with

complete gestational age information. DRs and DDs demonstrated similar disparity

findings, although the DD was more sensitive to large registration area differences in

disparity.
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Table 3.5. Mortality among infants 220 weeks gestation and with unknown

gestational age by fetal death registration area, United States 2000-2002.

 

 

  
 

 

 

 

 

 

 

 

 

 

 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fetal Death Gestational Age 220 weeks Unknown Gestational Age

Classification n=10,887,676 births n=108,784 births

Area Total White LBlack | DR 1 DD* Total 1 White 1 Black | DR 1 DD*

Infant Mortality

United States 5.7 4.7 11.0 2.4 6.3 20.8 16.2 55.1 3.4 38.9

Area 1 5.8 4.6 10.0 2.2 5.4 65.1 41.9 151.5 3.6 109.6

Area 2 6.2 4.9 11.9 2.4 7.0 61.1 45.7 132.0 2.9 86.3

Area 3 6.7 5.6 13.3 2.4 7.6 74.6 51.5 135.7 2.6 84.3

Area 4 5.5 4.6 10.9 2.4 6.3 16.8 13.6 41.5 3.1 27.9

Early Neonatal Mortality

United States 2.7 2.2 5.4 2.5 2.5 15.8 11.8 45.0 3.8 33.2

Area 1 2.9 2.2 5.2 2.3 2.9 57.0 36.4 133.3 3.7 96.9

Area 2 3.0 2.3 5.9 2.5 3.6 55.1 40.0 125.3 3.1 85.4

Area 3 3.1 2.5 6.7 2.7 4.2 56.0 36.0 108.6 3.0 72.6

Area 4 2.6 2.2 5.2 2.4 3.1 12.2 9.6 32.4 3.4 22.8

Late Neonatal Mortality

United States 0.8 0.7 1.5 2.2 0.8 1.6 1.4 3.0 2.2 1.7

Area 1 0.8 0.7 1.4 2.1 0.7 - - - - -

Area 2 0.9 0.7 1.6 2.2 0.9 - -- - - -

Area 3 0.9 0.8 1.7 2.2 0.9 - -- - - -

Area 4 0.8 0.7 1.5 2.2 0.8 1.5 1.3 2.8 2.2 1.5

Postneonatal Mortality

United States 2.2 1.8 4.1 2.3 2.3 3.5 3.0 7.4 2.5 4.4

Area 1 2.1 1.7 3.4 2.0 1.7 - - - - -

Area 2 2.3 1.9 4.4 2.3 2.5 - - -- - -

Area 3 2.7 2.3 4.9 2.1 2.6 - - -- - -

Area 4 2.1 1.8 4.2 2.3 2.4 3.1 2.7 6.6 2.4 3.9

Fetal Mortality

United States 6.2 5.2 11.7 2.3 6.5 459.9 418.3 646.0 1.5 227.7

Area 1 7.6 5.9 13.4 2.2 7.4 971.8 970.1 976.9 1.0 6.8

Area 2 6.0 4.8 10.8 2.2 6.0 199.8 178.9 1 284.4 1.6 105.5

Area 3 4.1 3.5 7.7 2.1 4.1 88.4 96.1 67.5 0.7 -28.6

Area 4 5.8 4.9 11.0 2.2 6.1 65.5 58.3 116.9 2.0 58.6          
 

*expressed per 1,000 live births

-- indicates inadequate cell specific count

Area 1= All products of conception

Area 2=Birthweight and gestational age criteria

Area 3= Birthweight criteria

Area 4= Gestational age criteria
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3.4.3 Mortality rates and racial disparities among infants 522 weeks and 23-28

weeks gestation by fetal death registration area

Table 3.6 shows mortality rates and disparity measures among infants born at

reported gestations of 522 weeks and 23-28 weeks, by fetal death registration area.

Despite high mortality rates among infants 522 weeks reported gestation, black infants

were less likely than their white counterparts to die in most registration areas. DRs were

approximately 0.9 and DDs ranged from -77.0 to -16.0 for infant, early neonatal and

neonatal mortality. Any black survival advantage was not seen among infants in

registration area 3, as this was the only registration area which reported similar black and

white mortality rates (DRzl .0). Despite this finding, relative and absolute disparity

measures demonstrated the largest black advantage among fetal death in registration area

3 (DR=0.4; DD=~159.9).

A black survival advantage was seen for most mortality periods among infants

between 23 and 28 weeks reported gestation, with DRs and DDS ranging from 0.8-1.0

and -48.0 to -13.0, respectively. Relative and absolute disparities were similar between

registration areas. Of note were large registration area differences in late neonatal

mortality rates and disparity measures. While black infants were less likely than their

white counterparts to die in areas 1 and 2, they were nearly three times as likely as their

white counterparts to die in registration area 4.
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Table 3.6. Mortality rates among infants 522 weeks and 23-28 weeks gestation by

fetal death registration area, United States 2000-2002.

 

 

   

 

 

 

 

 

  
 

 

 

 

      
 

 

 

 

 

  
 

 

 

 

           
 

 

 

 

  

Fetal Gestational Age :22 Weeks Gestational Age 23-28 Weeks

Death n=14,415 births n=50,909 births

Area Total 1 White [ Black 1 DR | DD* Total 1 White | Black ] DR [ DD*

Infant Mortality

U.S. 787.3 801.1 770.2 1.0 -30.9 232.2 288.9 274.4 1.0 -l4.5

Area 1 837.2 877.8 801.2 0.9 -76.6 303.0 309.5 296.2 1.0 -l3.3

Area 2 784.2 820.9 748.9 0.9 -72.0 286.6 299.1 271.8 0.9 -27.3

Area 3 855.5 841.3 873.1 1.0 -31.8 289.0 296.3 275.1 0.9 -21.2

Area 4 770.3 776.6 761.1 1.0 -15.5 276.1 281.1 267.2 1.0 -13.9

Early Neonatal Mortality

U.S. 753.0 773.8 727.4 0.9 -46.4 187.8 199.9 167.2 0.8 -32.7

Area 1 808.9 855.3 767.8 0.9 -87.5 202.8 219.7 184.9 0.8 -34.8

Area 2 750.6 794.1 709.0 0.9 -85.1 190.0 207.5 169.2 0.8 -38.3

Area 3 822.2 802.4 847.0 1.1 44.6 193.0 207.1 166.2 0.8 -40.9

Area 4 734.1 748.8 712.5 1.0 -36.3 182.6 192.9 163.9 0.9 -29.0

Late Neonatal Mortality

US. 77.3 69.4 85.3 1.2 15.9 60.9 40.4 58.2 1.4 17.8

Area 1 97.2 - -- -- -- 64.9 82.7 65.0 0.8 -l7.7

Area 2 77.7 74.9 79.6 1.1 4.7 63.6 90.1 55.9 0.6 -34.2

Area 3 -- - -- -- -- 53.1 52.0 55.0 1.1 2.9

Area 4 69.8 58.1 85.0 1.5 26.9 59.4 21.2 56.9 2.7 35.7

Postneonatal Mortality

US. 66.7 55.5 78.3 1.4 22.8 60.2 49.4 76.0 1.5 26.6

Area 1 56.4 -- -- - -- 65.0 53.6 76.6 1.4 23.0

Area 2 61.4 -- 62.5 -- - 59.4 48.6 71.5 1.5 22.9

Area 3 -- -- - - - 69.6 63.9 80.0 1.3 16.1

Area 4 71.3 55.8 91.8 1.6 36.0 58.6 51.7 70.7 1.4 19.0

Fetal Mortality

U.S. 550.0 586.1 495.7 0.9 -90.4 226.8 245.9 195.6 0.8 -50.2

Area 1 653.9 689.3 614.9 0.9 -74.4 259.2 280.6 235.0 0.8 -45.6

Area 2 505.9 562.6 435.7 0.8 -127.0 210.4 235.4 178.3 0.8 -57.1

Area 3 190.9 254.5 94.6 0.4 -159.9 145.6 153.1 130.8 0.9 -22.4

Area 4 542.5 575.7 482.7 0.8 -93.0 227.5 246.3 191.0 0.8 -55.3           
*expressed per 1,000 live births

-- indicates inadequate cell specific count

Area 1= All products of conception

Area 2=Birthweight and gestational age criteria

Area 3= Birthweight criteria

Area 4= Gestational age criteria
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Next, we examined mortality rates, relative disparities and absolute disparity measures by

the proportion of non-viable births.

3.4.4 Mortality rates and racial disparities among infants 2 20 weeks and with

unknown gestational ages by non-viable category

Table 3.7 shows mortality rates and relative and absolute disparities among

infants with a reported gestational age 2 20 weeks and among infants missing gestational

age by the proportion of largely non-viable births. Among infants 2 20 weeks gestation,

the highest infant and fetal mortality rates and disparities were generally found in

category 4, which also had the highest proportion of non-viable births. Category 1, which

had the lowest proportion of non-viable births, had the lowest mortality rates and

disparities. The corresponding high infant and high fetal mortality rates seen when

examining proportion non-viable categories were contrary to the pattern of high infant

and low and low fetal mortality rates seen when examining fetal death registration areas.

Among births with unknown gestational ages, mortality rates and disparity

measures fluctuated by proportion non-viable category with the highest rates in category

3.
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Table 3.7. Mortality among infants 220 weeks gestation and with unknown

gestational age by Proportion Unviable, United States 2000-2002.

 

 

   

 

 

 

 

 

 

 

 

 

 

          
 

 

 

 

 

 

 

 

 

 

 

           
 

 

 

 

 

  

Non-viable Gestational Age 220 weeks Unknown Gestational Age

Category n=10,887,676 births 11:.108,784 bll'thS‘

Total 1 White 1 Black 1 DR] DD* Total I White ] Black I DR I DD*

Infant Mortality

United States 5.7 4.7 11.0 2.4 6.3 20.8 16.2 55.1 3.4 38.9

Category 1 4.9 4.4 8.5 1.9 4.1 32.6 29.8 45.8 1.5 16.1

Category 2 4.7 4.4 9.1 2.1 4.7 11.2 10.0 22.9 2.3 12.9

Category 3 5.9 4.9 11.1 2.3 6.3 95.6 68.5 177.6 2.6 109.0

Catfiory 4 7.0 5.1 12.1 2.4 7.0 88.3 65.5 124.0 1.9 58.5

Early Neonatal Mortality

United States 2.7 2.2 5.4 2.5 2.5 15.8 11.8 45.0 3.8 33.2

Category 1 2.2 2.0 3.7 1.9 1.8 24.7 22.2 36.8 1.7 14.6

Category 2 2.3 2.1 4.3 2.1 2.2 7.3 6.6 13.9 2.1 7.3

Category 3 2.8 2.3 5.5 2.4 3.2 86.5 60.1 166.5 2.8 106.5

Category 4 2.3 2.4 6.1 2.5 3.7 78.7 57.6 111.8 1.9 54.1

Late Neonatal Mortality

United States 0.8 0.7 1.5 2.2 0.8 1.6 1.4 3.0 2.2 1.7

Category 1 0.7 0.7 1.2 1.9 0.6 3.1 2.9 - -- --

Category 2 0.7 0.6 1.3 2.1 0.7 1.2 1.1 2.6 2.3 1.4

Category 3 0.8 0.7 1.5 2.1 0.8 -- -- -- - --

Category 4 1.0 0.8 1.7 2.2 0.9 -- -- -- -- --

Postneonatal Mortality

United States 2.2 1.8 4.1 2.3 2.3 3.5 3.0 7.4 2.5 4.4

CategorLl 2.0 1.8 3.5 1.9 1.7 5.0 4.8 -- -- -

Category 2 1.8 1.6 3.4 2.1 1.8 2.8 2.4 6.6 2.8 4.2

Category 3 2.2 1.8 4.2 2.3 2.3 7.0 6.5 -- -- --

Category 4 2.6 1.9 4.4 2.3 2.5 7.7 -- -- - -

Fetal Mortality

United States 6.2 5.2 11.7 2.3 6.5 459.9 418.3 646.0 1.5 227.7

Category 1 6.0 5.1 12.4 2.4 7.3 168.7 149.4 249.4 1.7 100.1

Category 2 4.9 4.6 9.5 2.1 4.9 19.6 17.9 35.8 2.0 18.0

Category 3 6.3 5.3 11.3 2.1 6.0 431.6 418.6 467.7 1.1 49.1

Category 4 6.8 4.9 11.6 2.3 6.6 236.4 218.1 263.3 1.2 45.2           
*expressed per 1,000 live births

-- indicates inadequate cell specific count

Category 1 = <500 grams: 0.03-0.09%; <23 weeks: 0.04-0.10%

Category 2 = <500 grams: 0.10-0.12%; <23 weeks: 0.10-0.12%

Category 3 = <500 grams: 0.12-0.16%; <23 weeks: 0.13-0.16%

Category 4 = <500 grams: 0.16-0.33%;<23 weeks: 0.17-0.37%
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3.4.5 Mortality rates and racial disparities among infants 522 weeks and 23-28

weeks gestation by non-viable category

Table 3.8 shows mortality rates and disparities among infants with a reported

gestation of S 22 weeks and 23-28 weeks, by the proportion of largely non-viable births.

For both gestational age groups, the lowest mortality rates and disparities were generally

seen among category 1 births, while the highest mortality rates and disparities were seen

among category 4 births. Although the relative measure of disparity was similar between

each of the non-viable categories, the absolute measure showed more variation with DDs

ranging from -118.0 to -29.0.
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Table 3.8. Mortality Rates Among Infants $22 Weeks and 23-28 Weeks Gestation by

Proportion Non-Viable, United States 2000-2002.

 

 

   
 

 

 

 

 

 

 

 

 

 

 

           
 

 

 

 

 

 

 

 

 

 

 

     
 

 

 

 

 

  

Non-Viable Gestational Age 322 Weeks Gestational Age 23-28 Weeks

Category n:=14,415 blrths n=50,909 blrths

Total | White 1 Black 1 DR 1 DD* Total 1 White Black LDR 1 DD*

Infant Mortality

U.S. 787.3 801.1 770.2 1.0 -30.9 232.2 288.9 274.4 1.0 -14.5

Category 1 697.8 725.1 637.0 0.9 -88.1 260.8 263.8 253.7 1.0 -10.1

Catggory 2 773.1 783.7 731.9 0.9 -51.9 279.3 284.4 256.6 0.9 -27.8

Category 3 802.5 821.0 779.1 1.0 -41.9 281.3 288.0 270.7 0.9 -17.3

Category 4 813.5 843.1 795.4 0.9 -47.7 298.4 315.6 285.4 0.9 -30.3

Early Neonatal Mortality

U.S. 753.0 773.8 727.4 0.9 -46.4 187.8 199.9 167.2 0.8 -32.7

Category 1 659.5 695.5 579.2 0.8 -116.3 170.0 179.5 147.0 0.8 -32.4

Categog 2 744.5 757.2 695.6 0.9 -61.6 196.1 202.1 169.6 0.8 -32.4

Category 3 774.7 798.7 744.3 0.9 -54.4 187.6 198.2 171.0 0.9 -27.2

Category 4 772.0 809.4 749.1 0.9 -60.3 192.7 216.8 174.4 0.8 -42.4

Late Neonatal Mortaligy

US. 77.3 69.4 85.3 1.2 15.9 60.9 40.4 58.2 1.4 17.8

Category 1 48.0 - - - - 54.2 54.5 53.4 1.0 -1.1

Category 2 64.8 64.4 - - -- 58.2 60.3 49.0 0.8 -11.3

Category 3 64.5 58.2 70.8 1.2 12.6 61.8 66.0 55.5 0.8 -10.6

Category 4 112.3 118.0 109.7 0.9 -8.2 64.8 67.3 62.9 0.9 -4.4

Postneonatal Mortality

US. 66.7 55.5 78.3 1.4 22.8 60.2 49.4 76.0 1.5 26.6

Category 1 67.7 53.4 37.1 0.7 -16.3 58.5 51.0 64.0 1.3 13.0

Category 2 50.3 48.2 - -- - 48.1 45.6 58.6 1.3 13.0

Category 3 63.1 56.0 70.3 1.3 14.3 57.0 49.2 68.6 1.4 19.4

Category 4 78.6 59.0 74.8 1.3 15.8 70.8 58.9 71.5 1.2 12.7

Fetal Mortality

U.S. 550.0 586.1 495.7 0.9 -90.4 226.8 245.9 195.6 0.8 -50.2

Category 1 649.1 642.4 663.0 1.0 20.5 248.7 258.1 225.1 0.9 -33.1

Category 2 531.3 546.7 460.3 0.8 -86.4 237.2 245.4 197.5 0.8 -47.8

Category 3 549.9 592.8 480.5 0.8 -112.3 228.0 247.9 194.6 0.8 -53.3

Category 4 506.4 565.9 461.1 0.8 -104.7 208.0 232.9 187.9 0.8 —45.0          
 

*expressed per 1,000 live births

-- indicates inadequate cell specific count

Category 1 = <500 grams: 0.03-0.09%; <23 weeks: 0.04-0.10%

Category 2 = <500 grams: 0.10-0.12%; <23 weeks: 0.10-0.12%

Category 3 = <500 grams: 0.12-0.16%; <23 weeks: 0.13-0.16%

Category 4 = <500 grams: 0.16-0.33%;<23 weeks: 0.17-0.37%

102

 



3.4.6 Relative risk of mortality

In order to determine if noted reporting differences in mortality were statistically

significant, tables 3.9 and 3.10 show fetal registration area and proportion non-viable

differences in the race-specific risk of early neonatal mortality among infants 2 20 weeks

gestation, S 22 weeks gestation, and 23-28 weeks gestation. Early neonatal mortality was

chosen because it offers specificity in time of death. Furthermore, sample sizes for late

neonatal and postneonatal mortality were too small to calculate stable registration area

relative risks. Fetal death registration area 1, had the lowest mortality rates and was used

as the referent category.

Among infants 2 20 weeks gestation, significant fetal death registration area

differences in early neonatal mortality risk were seen among black, but not white infants.

Black infants in fetal death registration areas 2 and 3 had significantly higher mortality

rates than infants in registration area 1 (RR=1.15; 1.09-1.22, RR=1.33; 1.20-1.48,

respectively). This relationship became more apparent after sub-setting to black infants 5

22 weeks gestation in registration area 3 (RR=1.71; 1.14-2.57). In contrast, white infants

_<_ 22 weeks gestation, had a significantly lower risk of death in registration areas 2 and 4

(RR=0.65; 0.52-0.82 and RR=0.55; 0.45-0.67, respectively). White infants within area 4

remained at decreased risk of mortality between 23 and 28 weeks gestation. Adjustment

for gestational week did not alter the findings.
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Among infants 2 20 weeks gestation, a significant proportion non-viable category

differences were seen for both blacks and whites, with mortality risk increasing with the

proportion of non-viable births. Category differences in early neonatal mortality became

more apparent when examining infants 5 22 weeks gestation. White infants born in

category 3 and 4 states were 70% more likely than white infants born in category 1 states

to die and black infants in categories 3 and 4 were twice as likely as their counterparts

born in category 1 states. Category differences were no longer significant among infants F]

23-28 weeks gestation, with the exception of whites in category 4 states (RR=1.27; 1.16-

1.38). Adjustment for gestational week did not alter the findings.
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3.5 Discussion

This study was designed to determine the extent to which differences in fetal

death reporting requirements and the proportion of non-viable births influence absolute

and relative disparities in infant, early and late neonatal, postneonatal, and fetal mortality

rates. Fetal death registration area differences in the restrictiveness of reporting were

hypothesized to especially influence mortality rates among extremely preterm infants

with low survival rates [89]. In addition, since black infants are more likely to be born at

extremely preterm gestations, we explored the possibility that higher infant mortality

rates among black infants were due in part to systematic differences in the reporting of

extremely preterm live births and fetal deaths by registration area.

3.5.1 Fetal death registration area

Similar to other studies, our results demonstrated persistent racial disparities in

overall infant, early and late neonatal, postneonatal and fetal m6rtality rates [29, 36, 90-

92]. Fetal death registration area 3, with birthweight only criteria, had the highest

mortality rates, while fetal death registration area 1, which reported all products of

conception, had the lowest mortality rates and disparities. In contrast, the highest fetal

mortality rates were found among infants in registration area 1, while the lowest fetal

mortality rates seen in fetal death classification area 3. The complementary high infant

mortality rates and low fetal mortality rates in area 3 suggest that fetal death registration

area differences in mortality rates were largely due to differences in reporting infants as a

live birth and subsequent infant death (ie. area 3) versus reporting as a fetal death (ie. area

1).

Both absolute and relative disparity measures demonstrated similar patterns with
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the highest infant disparities seen in fetal death registration area 3 and highest fetal

disparities seen in fetal death registration area 1. While both absolute and relative

disparity measures demonstrated similar findings by time at death (ie. early neonatal), the

absolute disparity difference was more sensitive to variation in registration area

disparities. Variation in disparity measure sensitivity was largely due to the size of

mortality rates, with the DD more sensitive to high overall mortality rates and the DR

more sensitive to lower overall mortality rates.

Although there were only a small number of live births with missing information

on gestational age, sizable registration area differences in mortality rates and disparity

measures were noted. The highest disparities were seen among infants born in

registration area 4 which required gestational age specific information. Wen et al also

found increases in racial disparities among infants missing birthweight and/or gestational

age information [93], although authors did not examine fetal death registration area

differences. These results suggest that either a) black infants missing information on

gestational age were more likely than their white counterparts to be reported as an infant

death than a fetal death in certain classification areas or, more likely, b) black infants who

died were less likely than white infants to have gestational age or birthweight recorded.

Black infants, who have higher rates of extremely preterm birth, [91, 92, 94, 95],

also had a slight survival advantage at extremely preterm gestations. This survival

advantage, however, was not present in all fetal death registration areas. Black infants

:22 weeks gestation who were born in fetal death registration area 3 had early neonatal

mortality rates which were slightly higher than their white counterparts. This lack of a

black survival advantage among infants 522 weeks gestation in registration area 3 could
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partially account for the higher absolute and relative disparities seen in this fetal death

registration area. Corresponding to this was the finding of much lower relative and

absolute fetal death disparities in fetal death registration area 3. In fact, both black and

white fetal mortality rates were lower in registration area 3 than in the other registration

areas. Seemingly, states within fetal death registration area 3 were more likely to report

births 522 weeks gestation as infant births and subsequent infant deaths than as fetal

deaths (as did the other fetal death registration areas). In order to determine if lower fetal

mortality rates in area 3 states which strictly required birthweight information could be

accounted for by a higher proportion of extremely low birthweight births [60, 67, 92], we

examined the percentage of extremely low birthweight births by fetal death registration

area (results not shown). No fetal death registration area differences were seen in the

percentage of births <500 grams or between 500 and 1000 grams.

In early neonatal predictive models, the effect of fetal death registration area on

mortality risk differed by gestational age at birth and race, with the largest differences

seen among infants S 22 weeks gestation. Black infants S 22 weeks gestation who were

born in fetal death registration area 3 were at significantly increased risk of mortality,

while white infants in this same area were at decreased risk of mortality. In comparison

to blacks in other fetal death registration areas, mortality rates among black infants in

fetal death registration 3 were unusually high and accounted for much of the disparity

among states in fetal death registration area 3.

3.5.2 Proportion of non-viable births

With respect to the proportion of non-viable births, the highest mortality rates and

disparities were among infants born in category 4 states, which had the highest proportion
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of non-viable births. Unlike the results seen by fetal death registration area, similar

results were seen among fetal deaths, with the highest fetal mortality rates also seen in

category 4 states. The parallel of high infant mortality rates and high fetal mortality rates

within category 4 leads to the conclusion that proportion non-viable category differences

in mortality rates are not caused solely by differences in reporting.

Relative and absolute disparity measures demonstrated similar results with the

highest disparities found among infant and fetal deaths in category 4. Other studies have

found similar results with the proportion of extremely low birthweight infants predicting

both IM rates [74], and racial disparities in IM [95]. When examining the race specific

risk of mortality by the proportion non-viable births, category differences among both

races were found to primarily reflect differences in mortality risk among infants 5 22

weeks gestation. Causes for race-specific proportion non-viable category differences in

mortality risk are unknown, especially after adjustment for gestational age (which did not

alter the findings). These category differences were most prominent among black infants,

which likely led to higher disparities in category 4.

3.5.3 Racial differences in fetal deaths

The question of whether lower black fetal mortality rates are real or a result of

racial differences in reporting has been the cause of some debate [36, 43, 60, 96].

Wingate et al found some evidence of underreporting among blacks with black infants in

their national study 20% less likely than white infants to be classified as a fetal death

versus an early neonatal or neonatal death. But, they conclude there is little evidence that

black-white differences in mortality are a function of racial differences in classification of

fetal deaths and live births [43]. Cai et al found that fetal mortality rates among blacks <
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28 weeks gestation and those < 1,000 grams were significantly lower than their white

counterparts, but they attribute this to the formula used to calculate fetal mortality rates

[60]. Specifically, the denominator to calculate fetal mortality rates consists of the total

number of births at a specific gestational age + the number of fetal deaths. Since black

infants are more likely to be born at extremely preterm gestations, they have a larger

denominator, and a subsequently lower fetal mortality rate. This is the main argument

for the fetuses at risk approach, first introduced by Yudkin [97]. On the other hand,

Allen et al found that black fetal mortality rates were 2.5 times the fetal mortality rate of

whites (95% CI = 2.2-2.9). This relationship did not remain after adjustment for

gestational age (RR = 1.2;0.9-1.4) [96]. We were unable to find any studies which

examined fetal death reporting requirements in relation to mortality or racial disparities in

mortality.

Findings of lower black fetal mortality rates < 28 weeks suggest that there are two

sets of factors which lead to racial disparities in infant mortality which act at different

times (ie. before 28 weeks gestation and after 28 weeks gestation). For example, the first

set puts black infants at greater risk for being born extremely preterm. Extreme

prematurity accounts for largest proportion of the black/white disparity in infant mortality

[91, 92, 94, 95]. However, for those fetuses who remain in utero 23-28 weeks gestation,

there did not appear to be an excess fetal mortality risk among blacks (tables 6 and 8).

This leads to the second factor which acts sometime after 28 weeks and puts blacks at

twice the mortality risk as whites both in utero and after birth (results not shown). This is

reinforced by the finding that among fetal deaths >28 weeks, there doesn’t appear to be

registration area differences in relative disparity.
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3.5.4 Limitations of Study

The findings of this study were subject to several limitations. First, by definition,

fetal deaths were truncated at 220 weeks gestation; with any deaths before 20 weeks

gestation classified as a miscarriage. Due to this left censoring, any disparities which

occurred before 20 weeks gestation were not measured in this study. Although some

miscarriages (<20 weeks gestation) were available for analysis, their inclusion could have

introduced bias because of possible confusion with late abortion, along with the limited

sample of mothers who present to hospitals after a miscarriage. Second, due to small

sample sizes, the original eight fetal death classification areas were consolidated into four

which were though to reflect differences in restrictiveness between areas. The

consolidation of registration areas may have attenuated any differences which could have

been more visible between the original eight fetal death classification areas. Third, due to

black/white differences in rates of preterm birth and subsequent denominators, racial

differences in fetal mortality rates should be interpreted with caution. This is especially

the case at extremely preterm gestations. Finally, excluding cases which were missing

information on race could have biased our results in light of the registration area

differences in mortality rates and disparity ratios by unknown gestational age and/or

birthweight categories. The basic hypothesis of this study was that fetal death

registration and proportion non-viable category differences would influence racial

differences in mortality. Since there were not official race requirements for each

registration area, excluding records with missing information on race was unlikely to

differentially influence mortality rates.

3.5.5 Strengths of Study
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Despite these limitations, this study had several strengths. First, it made use of

national vital statistics data to determine if differences in fetal death reporting

requirements and the proportion of non-viable births influenced area differences in

mortality rates and disparity ratios. Second, it is the only study of its kind to examine the

effect of fetal death registration requirements on racial disparities in infant, early and late

neonatal, postneonatal and/or fetal mortality. Third, it made use of both absolute and

his.

relative disparity measures, which were found to vary in their sensitivity to registration

area differences. Finally, biologically relevant gestational age stratification was used to

determine if any area or category differences were due to actual reporting or due to

differences in extremely preterm birth rates. r} 
3.6 Conclusion

Overall, registration area differences and proportion non-viable differences in

mortality rates, absolute disparities and relative disparities were most pronounced among

infants S 22 weeks gestation. Although significant area and classification differences

were seen among both races, differences were most prominent among black infants.

Findings of proportion non-viable category similarities among infant and fetal deaths

indicated real category differences in not only the proportion of at-risk infants born (ie.

extremely preterm/low birthweight) but also in racial disparities between proportion non-

viable categories. Absolute disparities as measured by the DD were most sensitive to

area differences in disparities, especially when mortality rates were high.

State differences in fetal death reporting requirements lead to differences in the

reported number of live births, infant deaths and fetal deaths. These differences persist

even after limiting data to gestations which should be reported by all states. In order for
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national vital statistics data to be meaningful, a uniform definition of fetal death must be

adopted. This would reduce systematic differences in the reporting of live births and

fetal deaths and give an accurate record of state mortality rates and disparities.

Future studies should examine proportion non-viable differences in relative and

absolute disparities. Studies should also examine registration area differences in the

continuum of miscarriages, fetal deaths and early neonatal deaths. Racial disparities in

infant mortality have persisted throughout the last century; determining what proportion

of the disparity is due to statistical artifact and versus an actual excess in deaths is critical

to solving the problem.

114

 

 



CHAPTER 4: RACIAL DIFFERENCES IN THE EFFECT OF PERINATAL

REGIONALIZATION ON RACIAL DISPARITIES IN INFANT AND

NEONATAL MORTALITY, MICHIGAN 1996-2006

This chapter includes an examination of racial patterns of birth hospital level and

neonatal intensive care unit (NICU) transfer among preterm infants in Michigan. It also

explores the subsequent effect on racial disparities in infant and neonatal mortality and is

study 3 for this three paper dissertation option.

4.1 Abstract

Objective: We examined patterns of perinatal regionalization (birth hospital level and

neonatal intensive care unit (NICU) transfer) among preterm infants in Michigan and the  g!
subsequent effect on racial disparities in infant and neonatal mortality.

Methods: Michigan Department of Community Health Vital Records on singleton,

preterm (<37 weeks) live births and infant deaths between 1996 and 2006 (n=107,046

preterm births and 3,950 infant deaths) were used to examine patterns of perinatal

regionalization and mortality (infant and neonatal). Perinatal regionalization measures

and mortality rates were examined by race (non-Hispanic white and non-Hispanic black)

and preterm gestational week. The adjusted relative risk of black infant death (with

whites as the reference category) was examined using logistic regression.

Results: The majority of infants were born at a level 3 hospital (preterm white 62.8%

vs. black 85.3%; very preterm white 83.1 vs. black 91.3% extremely preterm white

83.0% vs. black 89.9%). The highest infant mortality rates were seen among extremely

preterm infants born at level 1 hospitals (465.3 per 1,000 live births) compared to their

level 3 counterparts (336.9 per 1,000 live births) and among extremely preterm level 1

white births (506.1 per 1,000 live births) compared to their black counterparts (3 83.3 per
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1,000 live births). Gestational week specific analyses revealed different race-specific

effects of hospital level at birth on mortality, with the largest racial differences seen

between 23-28 weeks gestation. After adjustment for demographic and hospital

characteristics, extremely preterm, level 3, black infants who were transferred to the

NICU had an increased risk of infant death compared to their white counterparts

(RR=1.25 95% CI=1.07-1.45), while extremely preterm, level 1, black infants who were

transferred to the NICU had a significantly decreased risk of infant death, compared to

their white counterparts (RR=0.41 95% CI=O.26-0.66).

Conclusion: Racial disparities in preterm mortality differ by gestational week and

hospital level at birth. Efforts should be made to reduce rates of extremely preterm birth

where mortality rates and racial disparities in risk of adjusted mortality were the highest.

4.2 Introduction

4.2.1 Background on infant and neonatal mortality

The infant mortality rate (number of infant deaths <1 year of age per 1,000 live

births) is commonly used to assess the health and well-being of populations between and

within countries [63]. Depending on the time at which infant mortality occurs, it can be

categorized as neonatal mortality or postneonatal mortality. Neonatal mortality (infant

death between 1 and <28 days) accounts for two thirds of all infant mortality and is

primarily related to exposures and conditions related to pregnancy and soon after birth,

such as medical care. As a result, very preterm (<32 weeks gestation) and extremely

preterm births (<28 weeks gestation) account for the majority of deaths during this time

period [98]. Due to improvements in medical technology and neonatal care (ie.

mechanical ventilation) [99], and more recently the introduction and use of surfactant

116



therapy and antenatal steroids for extremely preterm infants [11]) the US. has seen

significant declines in birthweight—specific infant and neonatal mortality rates over the

years. For example, from 1980 to 2004, the US. infant mortality rate declined 46% from

12.6 to 6.8 infant deaths per 1,000 live births [1, 2].

4.2.2 Racial disparities in infant and neonatal mortality

Despite this decline and improved care for extremely preterm infants, the infant

mortality gap between black and white infants in the US. has increased [1 ]. For example,

in 1980, the IM rate among whites in the United States was 8.7 per 1,000 live births

compared to an IM rate of 16.5 per 1,000 live births among blacks [4], meaning blacks

were 1.90 times as likely as white infants to die during the first year of life. On the other

hand in 2005, the white IM rate was 5.7 per 1,000 live births compared to the black IM

rate of 13.6 per 1,000 live births among black infants, meaning blacks were 2.39 times as

likely as whites to die during the first year of life. Studies have shown that a large

portion of the excess mortality among black infants is due to higher rates of extremely

preterm birth and the subsequent neonatal mortality of black infants [46, 74].

4.2.3 Perinatal regionalization

Extremely preterm infants born in hospitals with neonatal intensive care units (NICU)

or transferred to such centers immediately after birth have lower mortality and morbidity ’

rates than comparable infants born in other settings [47]. The process of perinatal

regionalization involves a “regionally coordinated system focusing on levels of hospital-

based perinatal care” and has been shown to improve outcomes for both mothers and

newborns [48]. Perinatal regionalization incorporates the use of maternal and/or infant

transport services to ensure that low birthweight or at-risk infants are inborn or promptly
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transferred to appropriate facilities (preferably with NICUs), regardless of where their

mother initially sought obstetrical care [49]. This system evolved to increase the number

of mothers and infants who had access to neonatologists, obstetricians and pediatricians.

Furthermore perinatal regionalization offered improved health care for mothers and

infants and has been adopted by many states and hospital systems [50].

In 1976, the March of Dimes Committee on Perinatal Health designated three levels

of perinatal care. The three basic levels as described in the latest American Academy of

Pediatrics (AAP)/American College of Obstetricians and Gynecologists (ACOG)

guidelines are as follows: level 1 hospitals are able to treat newborns without obstetric

complications and do not have a NICU; level 2 hospitals are able to treat moderately ill

newborns and they may or may not have a NICU; level 3 hospitals always have a NICU

and are able to treat the highest risk infants [48]. Recently, level 2 and level 3 hospitals

have been further categorized by factors such as the volume of extremely preterm infants

and/or the number ofNICU beds [51]. Alternatively some states, such as Michigan,

recognize only two levels of care, bypassing the intermediate (level 2) category [52].

The effectiveness of perinatal regionalization can be determined by examining the

proportion of extremely preterm, low birthweight infants which are born at a level 3

hospital or by examining the proportion of extremely preterm, low birthweight infants

which are transferred to a NICU after birth [53-56].

Throughout the 19903, increases in the number of smaller, community NICUs with 1

or 2 neonatologists has led to breakdowns in the cooperative relationships between the

less specialized level land level 2 hospitals and the most specialized level 3 facilities

[57]. Furthermore, decreases in state funding of the regionalized transport of mothers and
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infants as well as decreases in insurance funding of level 3 care (when less expensive

level 2 care is available) has led to de-regionalization in many states (ie. Michigan). This

de-regionalization is thought to have the largest effect on lower socioeconomic groups

with limited access to level 3 hospitals [3 9]. With the disproportionate representation of

racial/ethnic minorities in lower socioeconomic groups, perinatal de-regionalization

could impact racial disparities in infant and neonatal mortality rates. In addition, state-

level differences in regionalization funding could account for state differences in preterm

or low birthweight infant and neonatal mortality rates. While some studies have

examined the effect of perinatal regionalization on infant and neonatal mortality rates, it

is not clear whether racial differences in mortality can be partially explained by

differences in access to medical care for high risk neonates.

4.2.4 Study Objective

We examined patterns of race-specific perinatal regionalization among preterm births

in Michigan and the effect of perinatal regionalization on subsequent risk of infant and

neonatal mortality. Specifically, racial differences were estimated in the following:

1) preterm infant and neonatal mortality rates;

2) hospital level at birth and access to NICU treatment;

3) the hospital level distribution of access to NICU treatment; and

4) the effect of hospital level at birth and access to NICU treatment on infant and

neonatal mortality.

Michigan was chosen due to its high infant mortality rate (Michigan = 6.9 per 1,000 live

births vs. United States = 6.1 per 1,000 live births), high racial disparities in IM

(Michigan disparity ratio = 2.8 and risk differences = 9.4 per 1,000 live births vs. United
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States disparity ratio = 2.4 and risk differences = 6.9 1,000 live births) and because of the

historical existence of a well-defined perinatal regionalization system in the 19803 and

199OS[56]

4.3 Materials and Methods

We examined Michigan live birth and linked infant death data from 1996-2006.

All preterm (gestational age <37 weeks) live births and infant deaths to non-Hispanic

 

white and non—Hispanic black (herein referred to as white and black), maternal residents

of Michigan were included. :

4.3.1 Data Source

 Live birth and infant death certificates were obtained from the Vital Records and J

Health Data Development Section of the Michigan Department of Community Heath

(MDCH). Data were coded according to uniform coding specifications, passed rigid

quality control standards, were edited and reviewed and are the basis for official

Michigan birth and death statistics. Cohort mortality data for each of the years were used,

as opposed to period data, which links deaths of all infants born in a certain year,

regardless to whether the death occurred during the birth year, or the following year.

Birth cohort data files were preferred because they follow a given cohort of births for an

entire year to ascertain mortality-specific information. Birth certificates included

information on hospital at birth, maternal demographic and pregnancy characteristics and

infant characteristics at birth.

4.3.2 Outcome Variables

Crude infant mortality (death within the first year) and neonatal mortality (death

within the first month) rates were calculated, in addition to those stratified by race and
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gestational week. Gestational age data were based on the clinical estimate of gestation

and were classified as preterm, defined as <37 completed weeks gestation, very preterm,

defined as <32 completed weeks gestation, and extremely preterm, defined as <28 weeks

gestation.

4.3.3 Exposure Variables

Perinatal regionalization was determined by two variables obtained from the birth

certificate: hospital level at birth (level 1 vs. level 3) and infant transport to a NICU (yes

vs. no). We assigned of hospital level at birth based on the availability of a NICU, at any

point during the 11 year study period. Hospitals which had a NICU during the study

period were designated level 3, while hospitals which did not have a NICU during the

study period were designated level 1. In rare instances where hospital level could not be

obtained from the MDCH, hospital obstetrics departments were contacted by telephone

and asked if they had a NICU at any point in time from 1996-2006. Three hospitals were

contacted directly; one was designated level 3, white the other two were designated level

1. NICU transfer was based on the birth certificate question: “Was the child transferred to

a neonatal intensive care unit?”. Response options were yes, no and unknown.

Demographic third variables examined in addition the main exposures were obtained

from birth certificate records and included maternal factors: education (less than high

school, high school diploma, some college, college degree, graduate school or unknown),

age ( less than 20 years, 20—29 years, 30-39 years, 40-49 years, 50+ years, or unknown),

smoking during pregnancy (yes, no or unknown), alcohol use during pregnancy (yes, no

or unknown), adequacy of prenatal care (adequate, intermediate, inadequate or unknown),

and urbanicity (rural, micropolitan or metropolitan); and infant factors: sex (male, female

121

 

 



or unknown) and infant birthweight (500-999, 1000-1499, 1500-1999, 2000-2499, and

2500+).

4.3.4 Exclusion Criteria

To prevent possible bias in the registration of live births or fetal deaths by hospital,

the following exclusions were made in a sequential manner: birthweight < 500 grams

(n=2,582) and gestational age < 20 completed weeks (n=314). Furthermore, records

missing information on main exposures of interest: NICU transfer (n=703) and hospital

of birth (n=1,026) were also excluded. Before exclusions there were 111,671 singleton,

preterm births to black and white women in Michigan, the final dataset contained

107,046 preterm births to black and white women.

4.3.5 Statistical Analysis

All statistical analyses were carried out using SAS version 9.1.3. We first examined

the distribution of maternal and infant demographic characteristics, preterm birth rates,

and perinatal regionalization measures. Second, the proportion ofNICU transfers by birth

hospital level were calculated to establish if variation in access to NICU treatment existed

by hospital level at birth. Third, in order to determine if mortality differed by hospital

level at birth or by access to NICU treatment, mortality rates were calculated by hospital

level at birth and by NICU transfer. Crude and race-specific analyses were carried out to

establish if regionalization patterns in Michigan differed by race. Statistically significant

racial differences in exposures and outcomes of interest were quantified by the Mantel

Hanzel chi-square test. Differences were considered statistically significant at the p-value

<0.05 level. Finally, logistic regression was used to determine the effect of hospital level

at birth and NICU transfer on mortality risk, after adjustment for demographic factors.
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Relative differences in gestational age specific mortality risk between white and black

infants were quantified using the relative risk and statistical significance was determined

with a 95% confidence interval. White infants were used as the referent category. All

statistical analyses were conducted using SAS version 9.1.3.

4.4 Results

4.4.1 Maternal and infant demographic characteristics among preterm infants

During the study period, there were 107,046 preterm births with 76,044 (71.0%)

to white women and 31,022 (29.0%) to black women. The majority of mothers had a high

school degree (33.9%), were between the ages of 20 and 29 (50.7%) and had adequate

prenatal care (66.7%). Smoking during pregnancy was prevalent in 20.0% of all preterm

births, while alcohol use during pregnancy was prevalent in 1.4% of all preterm births.

The majority of preterm infants were male (53.6%) and had a normal birthweight of

>2500 grams (50%).

Racial differences in the prevalence of numerous maternal characteristics were

apparent. Mothers of black preterm infants more likely than their white counterparts to

have less than a high school degree (31.4% vs. 17.5%), a teen pregnancy (19.2% vs.

10.5%), consume alcohol during the pregnancy (2.4% vs. 1.0%)and have inadequate

prenatal care (25% vs. 10.1%). Black infants were significantly more likely than their

white counterparts to be born in a metropolitan county (99.7% vs. 87.7%), with only 12

black preterm births in rural counties over the 11 year period. With respect to sex, the

proportion of black preterm births were evenly split between males and females, while

among whites, 55% of all preterm births were male. More than half of white preterm

births were normal birthweight (54.8%) vs. 38% of black preterm births. Furthermore,
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black infants were more than twice as likely as their white counterparts to weigh 500-999

grams (10.1% vs. 4.4%, respectively) (table 4.1).
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Table 4.1. Maternal and infant demographic characteristics by race among preterm

infants, Michigan 1996-2006

 

     

 

 

 

 

 

 

 

       
 

 

 

 

 

     
 

 

       

 

 

 

       
 

 

 

 

 

 

 

   

Maternal Total White Black

Characteristics n=107,046 n=76,044 (71.0 n=31,022 (29.0) p'value

Maternal Characteristics

Education <0.0001

< High School 23,018 21.5 13,283 17.5 9,735 31.4

High School Degree 36,307 33.9 25,070 33.0 11,237 36.3

Some College 24,306 22.7 17,762 23.4 6,544 21.1

College Degree 13,238 12.4 11,683 15.4 1,555 5.0

> College 8,026 7.5 7,118 9.4 908 2.9

Unknown 2,151 2.0 1,128 1.5 1,023 3.3

Maternal Age <0.0001

<20 13,912 13.0 7,972 10.5 5,940 19.2

20—29 54,308 50.7 38,429 50.5 15,879 51.2

30-39 35,934 33.6 27,545 36.2 8,389 27.1

40+ 2,889 2.7 2096 2.8 793 2.6

Unknown 3 0.0 2 0.0 1 0.0

Smoking During Pre ancy 0.4956

Yes 21,391 20.0 15,319 20.1 6,072 19.6

No 83,972 78.4 59,526 78.3 24,446 78.9

Unknown 1,683 1.6 1,199 1.6 484 1.6

Alcohol Use During Pregnancy 0.0030

Yes 1,468 1.4 731 1.0 737 2.4

No 103,777 97.0 74,021 97.3 29,756 96.0

Unknown 1,801 1.7 1,292 1.7 509 1.6

Kessner Prenatal Care Index <0.0001

Adequate 71,350 66.7 55,220 72.6 16,130 52.0

Intermediate 19,629 18.3 12,731 16.7 6,898 22.3

Inadequate 15,437 14.4 7,688 10.1 7,749 25.0

Unknown 630 0.6 405 0.5 225 35.7

Urbanicity (County of birth) <0.0001

Rural 2812 2.6 2797 4.7 12 0.1

Micropolitan 6624 6.2 6530 8.6 94 0.3

Metropolitan 97587 91.2 66694 87.7 30893 99.7        
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Table 4.1 (continued). Maternal and infant demographic characteristics by race

among preterm infants, Michigan 1996-2006

 

Infant Characteristics
 

Sex <0.0001
 

Male 57,411 53.6 41,663 54.8 15,748 50.8
 

Female 49,631 46.4 34,378 45.2 15,253 49.2
 

      Unknown 4 0.0 3 0.0 l 0.0
 

Birthweight <0.0001
 

500-999 6,155 5.8 3,332 4.4 2,823 10.1
 

1000-1499 7,101 6.6 4,255 5.6 2,846 92
 

1500-1999 12,965 12.1 8,166 10.7 4,799 15.5
 

2000-2499 27,357 25.6 18,616 24.5 8,741 28.2
          2500+ 53,466 50.0 41,673 54.8 11,793 38.0
 

4.4.2 Rates of preterm birth

Figure 1 shows racial differences in rates of preterm birth during the study period.

Significant racial differences were seen in each preterm category with black infants 1.6

times as likely as whites to experience preterm birth (p-value <0.0001), 2.5 times as

likely as whites to experience very preterm birth (p-value <0.0001), and 3.5 times as

likely as white infants to experience extremely birth (p-value
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<0.0001).

Figure 4.1. Rates of preterm birth by race, Michigan 1996-2006
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4.4.3 Perinatal regionalization

Rates of hospital level at birth and NICU transfer are shown in table 4.2. The

majority of preterm, very preterm and extremely infants were born at a level 3 hospital

(69.3%, 86.5%, and 86.2%, respectively). In race-specific analyses, black infants were

significantly more likely than their white counterparts to be born at a level 3 hospital.

This relationship was seen across gestational categories.
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The majority of extremely and very preterm infants were transferred to a NICU

after birth (79.2% and 78.1%, respectively). Despite this trend, significant racial

differences in the proportion of infants transferred to the NICU were seen within each

preterm category. Among extremely infants, 83.2% of blacks were transferred to the

NICU compared to 75.8% of white infants (p-value <0.0001) and among very preterm

infants, 80.9% of blacks were transferred to the NICU compared to 76.1% of white

infants (p-value <0.0001). D

Figure 4.2 Hospital levels, Michigan 1996-2006.
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Table 4.2. Hospital level at birth and NICU transfer by race among preterm infants,

Michigan 1996-2006

 

 

    

 

 

 

 

 

 

 

 

       
 

 

        
 

 

 

 

 

      
 

 

 

 

 

 

 

   

Regionalization Total White Black
Measures n=137,702 (100%) n=100,680 (73.1%) n=37,022 (26.9%) p value

N L % N ] % N l %

Hospital Level at Birth

Extremely Preterm Birth: <28 weeks <0.0001

1 864 13.8 577 17.0 287 10.1

3 5,382 86.2 2,820 83.0 2,562 89.9

Total 6,246 100.0 3,397 54.4 2,849 45.6

Very Preterm Birth: <32 weeks <0.0001

1 2,148 13.5 1,575 16.9 573 8.7

3 13,728 86.5 7,732 83.1 5,996 91.3

Total 15,876 100.0 9,307 58.6 6,569 41.4

Preterm Birth: <37 weeks <0.0001

1 32,873 30.7 28,318 37.2 4,555 14.7

3 74,173 69.3 47,726 62.8 26,447 85.3

Total 107,046 100.0 76,044 71.0 31,002 23 .0

‘ NICU Transfer

Extremely Preterm Birth: <28 weeks <0.0001

Yes 4,946 79.2 2,576 75.8 2,370 83.2

No 1,300 20.8 821 24.2 479 16.8

Total 6,246 100.0 3,397 54.4 ' 2,849 45.6

Very Preterm Birth: <32 weeks <0.0001

Yes 12,397 78.1 7,083 76.1 5,314 80.9

No 3,479 21.9 2,224 23.9 1,255 19.1

Total 15,876 100.0 9,307 58.6 6,569 41.4

Preterm Birth: <37 weeks <0.0001

Yes 33,792 31.6 21,981 28.9 11,811 38.1

No 73,254 68.4 54,063 71.1 19,191 61.9

Total 107,046 100.0 76,044 71.0 31,002 23.0      
 

4.4.4 NICU transfer by birth hospital level

In order to determine if racial differences in the proportion preterm infants

transferred to a NICU were due to differences in hospital level at birth, table 4.3 includes

rates of NICU transfer by birth hospital level and race. The majority of very and

extremely preterm infants were transferred to the NICU, regardless of hospital level at

birth. Rates ofNICU transfer were the highest among very and extremely preterm infants
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born at a level 3 hospital (80.4% and 82.1%, respectively). In race-specific analyses,

black infants were significantly more likely than their white counterparts to be transferred

to a NICU. This relationship was seen across preterm category and hospital level at birth,

with the largest racial differences seen among extremely preterm births in level 1

hospitals (55.6% vs. 71.8% p-value <0.0001).
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4.4.5 Infant and neonatal mortality rates

Table 4.4 includes infant and neonatal mortality rates by gestational category and

race. Infant and neonatal mortality rates decreased as gestational ages moved closer to

term. Black infants were significantly more likely than white infants to die during the

first year of life at very preterm (white=l 69.5 per 1,000 live births; black=193.5 per

1,000 live births; p-value=0.0001) and preterm (white=30.8 per 1,000 live births;

black=51.9 per 1,000 live births; p-value=<0.0001) gestations. Although racial

differences in infant mortality were not statistically significant among extremely preterm

infants, black infants had lower neonatal mortality rates (268.5 vs. 273.8 per 1,000 live

births), and higher infant mortality rates (364.7 per 1,000 live births vs. 346.2 per 1,000

live births) than white infants.

Table 4.4. Infant and neonatal mortality rates (per 1,000 live births) by race among

preterm infants, Michigan 1996-2006

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

. Total White Black

Mortalrty Rates N I Rate” N I Rate N 1 Rate p value

Extremely Preterm Birth: <28 weeks

Infant Mortality 2,215 354.6 1,176 346.2 1,039 364.7 0.1280

Neonatal Mortality 1,695 271.4 930 273.8 765 268.5

Live Births 6,246 3,397 2,849

Very Preterm Birth: <32 weeks

Infant Mortality 2,849 179.5 1,578 169.5 1,271 193.5 0.0001

Neonatal Mortality 2,055 129.4 1,183 127.1 872 132.7

Live Births 15,876 9,307 6,569

Preterm Birth: <37 weeks

Infant Mortality 3,950 36.9 2,342 30.8 1,608 51.9 <0.0001

Neonatal Mortality 2,646 24.7 1,627 21.4 1,019 32.9

Live Births 107,046 76,044 31,002   
 

*Rate per 1,000 live births

 
In order to determine if race specific differences in infant and neonatal mortality

rates were due to an excess of births (and deaths) at earlier gestations, tables 4.5 and 4.6

include gestational week specific infant and neonatal mortality rates by race. In
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gestational week specific analyses, blacks were at increased risk of infant mortality

between 20 and 21 weeks, 27-28 weeks and 34-36 weeks gestation (table 4.5).

Table 4.5. Gestational week specific infant mortality rates (per 1,000 live births) by

race among preterm infants, Michigan 1996-2006

 

 

        
 

 

 

 

 

 

 

 

        
 

 

 

 

 

 

 

 

 

 

           

Total White Black

Gestational Live Infant Live Infant Liv Inf Ratio

Week Births Deaths Rate“ Births Deaths Rate Birtlfs Deeftnhts Rate

Extremely Preterm: < 28 weeks

20 66 40 606.1 34 19 558.8 32 21 656.3 1.2

21 103 92 893.2 60 52 866.7 43 40 930.2 1.1

22 344 308 895.4 180 164 911.1 164 144 878.1 1.0

23 715 496 693.7 364 255 700.6 351 241 686.6 1.0

24 1,055 480 455.0 538 241 448.0 517 239 462.3 1.0

25 1,165 322 276.4 622 174 279.7 543 148 272.6 1.0

26 1,325 272 205.3 742 153 206.2 583 119 204.1 1.0

27 1,402 205 146.2 825 118 143.0 577 87 150.7 1.1

Nery Preterm: <32 weeks

28 1,805 179 99.2 1,055 102 96.7 750 77 102.7 1.1

29 1,849 144 77.9 1,142 97 84.9 707 47 66.5 0.8

30 2,635 163 61.9 1,579 99 62.7 1,056 64 60.6 1.0

31 3,266 148 45.3 2,101 104 49.5 1,165 44 37.8 0.8

Preterm: <37 weeks

32 4,991 143 28.7 3,247 100 30.8 1,744 43 24.7 0.8

33 6,847 153 22.4 4,602 107 23 .3 2,245 46 20.5 0.9

34 12,407 207 16.7 8,697 132 15.2 3,710 75 20.2 1.3

35 21,079 240 11.4 15,454 174 11.3 5,625 66 11.7 1.0

36 45,368 358 7.9 34,467 251 7.3 10,901 107 9.8 1.4  
 

*Rate per 1,000 live births

Black infants were at lower risk of neonatal mortality at each gestational week

except among infants born at 20 weeks gestation and infants born at 36 weeks gestation

(table 4.6).
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Table 4.6. Gestational week specific neonatal mortality rates (per 1,000 live births)

by race among preterm infants, Michigan 1996-2006

 

 

          
 

 

 

 

 

 

 

 

           
 

 

 

 

 

 

 

 

 

 

            

Gestation Total White Black .

Week Live Neonatal Rate“ Live Neonatal Rate Live Neonatal Rate R3110

Blrths Deaths Births Deaths Births Deaths

xtremely Preterm: < 28 weeks

20 66 36 545.5 34 18 529.4 32 18 562.5 1.1

21 103 82 796.1 60 48 800.0 43 34 790.7 1.0

22 344 275 799.4 180 146 811.1 164 129 786.6 1.0

23 715 406 567.8 364 214 587.9 351 192 547.0 0.9

24 1055 340 322.2 538 180 334.6 517 160 309.5 0.9

25 1165 216 185.4 622 123 197.8 543 93 171.3 0.9

26 1325 180 135.9 742 102 137.5 583 78 133.8 1.0

27 1402 129 92.0 825 83 100.6 577 46 79.7 0.8

ery Preterm: <32 weeks

28 1805 94 52.1 1055 60 56.9 750 34 45.3 0.8

29 1849 91 49.2 1142 68 59.5 707 23 32.5 0.6

30 2635 89 33.8 1579 62 39.3 1056 27 25.6 0.7

31 3266 82 25.1 2101 62 29.5 1165 20 17.2 0.6

reterrn: <37 weeks

32 4991 87 17.4 3247 64 19.7 1744 23 13.2 0.7

33 6847 93 13.6 4602 70 15.2 2245 23 10.2 0.7

34 12407 122 9.8 8697 87 10.0 3710 35 9.4 0.9

35 21079 115 5.5 15454 96 6.2 5625 19 3.4 0.5

36 45368 167 3.7 34467 124 3.6 10901 43 3.9 1.1  
 

*Rate per 1,000 live births

4.4.6 Infant mortality by birth hospital level

In order to determine if racial disparities in infant and neonatal mortality rates

were due to differences in perinatal regionalization, table 4.7 examines infant and

neonatal mortality rates by hospital level at birth. Hospital level differences in mortality

rates were seen across gestational categories, with extremely and very preterm level 1

infants experiencing the highest rates. For example, the very preterm infant mortality rate

was 234.4 per 1,000 live births among infants born in a level 1 hospital, compared to the
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infant mortality rate of 170.8 per 1,000 live births among infants born in a level 3

hospital. The most striking infant mortality rates were seen among extremely preterm,

white infants, who experienced a 50% infant mortality rate if they were born at a level 1

hospital, compared to a 31% infant mortality rate if they were born in a level 3 hospital.

Within race-specific analyses, black infants had significantly higher infant mortality rates

than white infants of similar gestational ages. This relationship was seen across hospital

level at birth. P]
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Gestational week specific mortality analyses by hospital level at birth were

undertaken to determine if hospital level infant and neonatal mortality rates differed by

gestational week. Tables 4.8 and 4.9 show race-specific infant mortality rates among

level 1 and level 3 births. Overall, race-specific mortality rates were comparable among

level 3 births, as opposed to the race-specific mortality rates among level 1 births. The

higher rates of extremely preterm mortality among white, level 1 infants in table 7 were

due to decreased white survival among births between 23-27 weeks gestation. On the

other hand, the higher rates of extremely preterm mortality among level 3 black births

were due decreased black survival during the same gestations. In fact, compared to black

level 1 births, birth at a level 3 hospital increased the risk of black infant mortality

between 23-27 weeks. On the other hand, white level 3 infants between 23-27 weeks had

lower mortality rates than their level 1 counterparts. Similar patterns were seen among

level 1 and level 3 neonatal mortality rates (tables 4.10 and 41.11, respectively).
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Table 4.8. Gestational week specific infant mortality rates among level 1 births by

race, Michigan 1996-2006.

 

 

         
 

 

 

 

 

 

 

 

          
  
 

 

 

 

     
 

 

 

 

 

  

Gestational Total White Black .

Week Live Infant Rate” Live Infant Rate Live Infant Rate Ratio

Brrths Deaths Brrths Deaths Brrths Deaths

Extremely Preterm: < 28 weeks

20 21 13 619.1 15 8 533.3 6 5 833.3 1.6

21 15 13 866.7 12 10 833.3 3 3 1000.0 1.2

22 68 63 926.5 53 48 905.7 15 15 1000.0 1.1

23 85 59 694.1 55 44 800.0 30 15 500.0 0.6 r}

24 134 75 559.7 85 55 647.1 49 20 408.2 0.6

25 137 56 408.8 90 39 433.3 47 17 361.7 0.8 :

26 160 45 281.3 116 39 336.2 44 6 136.4 0.4

27 173 38 219.7 119 30 252.1 54 8 148.2 0.6 i . .

Very Preterm: <32 weeks j I

28 206 23 111.7 152 14 92.1 54 9 166.7 1.8 E’- I

29 233 20 85.8 190 16 84.2 43 4 93.0 1.1 i

30 329 25 76.0 261 21 80.5 68 4 58.8 0.7

31 441 27 61.2 362 23 63.5 79 4 50.6 0.8 I

Preterm: <37 weeks I

32 824 30 36.4 657 21 32.0 167 9 53.9 1.7

33 1,196 30 25.1 998 26 26.1 198 4 20.2 0.8

34 3,040 45 14.8 2,586 37 14.3 454 8 17.6 1.2

35 7,173 60 8.4 6,247 52 8.3 926 8 8.6 1.0

36 18,014 105 5.8 15,985 92 5.8 2,029 13 6.4 1.1           
 

*Rate per 1,000 live births

138  



Table 4.9. Gestational week specific infant mortality rates among level 3 births by

race, Michigan 1996-2006.

 

 

          
 

 

 

 

 

 

 

 

           
 

 

 

 

 

 

 

 

 

 

            

Gestational Total White Black .

Week Live Infant Rate" Live Infant Rate Live Infant Rate R3110

Brrths Deaths Brrths Deaths Brrths Deaths

Extremely Preterm: < 28 weeks

20 45 27 600.0 19 11 579.0 26 16 615.4 1.1

21 88 77 875.0 48 41 854.2 40 36 900.0 1.1

22 276 239 866.0 127 111 874.0 149 128 859.1 1.0

23 360 353 980.6 309 209 676.4 321 222 691.6 1.0

24 921 393 426.7 453 179 395.1 468 214 457.3 1.2

25 1,028 260 252.9 532 134 251.9 496 126 254.0 1.0

26 1,165 221 189.7 626 112 178.9 539 109 202.2 1.1

27 1,229 165 134.3 706 87 123.2 523 78 149.1 1.2

Very Preterm: <32 weeks

28 1,599 154 96.3 903 88 97.5 696 66 94.8 1.0

29 1,616 122 75.5 952 80 84.0 664 42 63.3 0.8

30 2,306 136 59.0 1,318 77 58.4 988 59 59.7 1.0

31 2,825 120 42.5 1,739 81 46.6 1,086 39 35.9 0.8

reterrn: <37 weeks

32 4,167 112 26.9 2,590 79 30.5 1,577 33 20.9 0.7

33 5,651 122 21.6 3,604 81 22.5 2,047 41 20.0 0.9

34 9,367 160 17.1 6,111 94 15.4 3,256 66 20.3 1.3

35 13,906 175 12.6 9,207 118 12.8 4,699 57 12.1 1.0

36 27,354 248 9.1 18,482 157 8.5 8,872 91 10.3 1.2  
 

*Rate per 1,000 live births
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Table 4.10. Gestational week specific neonatal mortality rates among level 1 births

by race, Michigan 1996-2006.

 

     

 
Extremely Preterm: < 28 weeks

20 21 13 619.1 15 8 533.3 6 5 833.3 1.6

21 15 11 733.3 12 9 750.0 3 2 666.7 0.9

22 68 61 897.1 53 46 867.9 15 15 1000.0 1.2

23 85 53 623.5 55 39 709.1 30 14 466.7 0.7

24 134 64 477.6 85 48 564.7 49 16 326.5 0.6

25 137 39 284.7 90 29 322.2 47 10 212.8 0.7

26 160 37 231.3 116 32 275.9 44 5 113.6 0.4

27 173 27 156.1 119 22 184.9 54 5 92.6 0.5

Very Preterm: <32 weeks

 

 

 

 

 

            

28 206 14 68.0 152 8 52.63 54 6 111.1 2.1

29 233 12 51.5 190 10 52.63 43 2 46.5 0 9

30 329 16 48.6 261 15 57.47 68 1 14.7 0 3

31 441 17 38.6 362 15 41.44 79 2 25.3 0 6

Preterm: <37 weeks

32 824 16 19.4 657 12 18.26 167 4 24.0 1 3

33 1,196 16 13.4 998 13 13.03 198 3 15.2 12

34 3,040 29 9.5 2,586 26 10.05 454 3 6 6 0.7

35 7,173 35 4.9 6,247 32 5.12 926 3 3.2 0.6

36 18,014 42 2.3 15,985 36 2.25 2,029 6 3.0 1 3
 

*Rate per 1,000 live births
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Table 4.11. Gestational week specific neonatal mortality rates among level 3 births

by race, Michigan 1996-2006.

 

 

    

Gag/23‘ Live INeonatal Rate" Live eOnatal Rate Live Neonatal Rate ,-M9

72951;. j Births Deaths ‘ Births Deaths Births Deaths _ '     
 

Extremely Preterm: < 28 weeks

20 45 23 511.1 19 10 526.3 26 13 500.0 1.0

21 88 71 806.8 48 39 812.5 40 32 800.0 1.0

22 276 214 775.4 127 100 787.4 149 1 14 765.1 1.0

23 360 353 980.6 309 175 566.3 321 178 554.5 1.0

24 921 276 299.7 453 132 291.4 468 144 307.7 1.1

25 1,028 177 172.2 532 94 176.7 496 83 167.3 1.0

26 1,165 143 122.8 626 70 111.8 539 73 135.4 1.2

27 1,229 102 83.0 706 61 86.4 523 41 78.4 0.9

Very Preterm: <32 weeks ~. .. '

28 1,599 80 50.0 903 52 57.6 696 28 40.2 0.7 J

29 1,616 79 48.9 952 58 60.9 664 21 31.6 0.5

30 2,306 73 31.7 1,318 47 35.7 988 26 26.3 0.7

31 2,825 65 23.0 1,739 47 27.0 1,086 18 16.6 0.6

Preterm: <37 weeks

32 4,167 71 17.0 2,590 52 20.1 1,577 19 12.1 0.6

33 5,651 77 13.6 3,604 57 15.8 2,047 20 9.8 0.6

34 9,367 93 9.9 6,111 61 10.0 3,256 32 9.8 1.0

35 13,906 80 5.8 9,207 64 7.0 4,699 16 3.4 0.5

36 27,354 125 4.6 18,482 88 4.8 8,872 37 4.2 0.9

*Rate per 1,000 live births

 

 

          
 

  

          
 

 

            
 

4.4.7 Racial differences in the adjusted risk of infant mortality

Table 4.12 examines racial disparities in the risk of infant death, using white

infants as the referent category. Due to effect modification by hospital level and NICU

transfer, relative risks presented were stratified by the two exposures of interest (hospital

level and NICU transfer). Fully adjusted, statistically significant results were bolded.

Afier adjustment for confounding demographic and medical variables, the risk of infant

mortality among extremely preterm black infants who were delivered at a level 3 hospital
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and subsequently transferred to a NICU was significantly higher than the mortality risk

among their white counterparts (RR=1.25 95% CI=1.07-1.45). On the other hand,

extremely preterm black infants who were born in a level 1 hospital and transferred to a

NICU were significantly less likely than their white counterparts to die during their first

year of life (RR=O.41 95% CI=O.26-0.66). The risk of infant mortality among black, very

preterm infants was significantly less than the risk for their white counterparts among

.
3

level 1 NICU transferred infants (RR=0.58 95% Cl=0.40-0.85) and among level 3 infants

who were not transferred to a NICU (RR=0.73 95% Cl=0.57-O.94).
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4.5 Discussion

Access to highly specialized care is critical among extremely preterm infants. Nearly

two thirds of the decrease in neonatal mortality over the past 20 years has been

attributable to the neonatal management and care of extremely preterm infants [100], as

well as improved capability of specialized centers [101].

This study investigated racial differences in rates of preterm birth and the effect of

hospital level at birth and access to NICU treatment on racial disparities in infant and

neonatal mortality rates. Significant racial differences were found in rates of preterm

birth, which have been demonstrated in other studies [3 8, 55]. The largest racial

differences were seen among extremely preterm infants, who subsequently had the

highest risk of mortality.

4.5.1 Perinatal regionalization

The vast majority of very preterm infants in Michigan were delivered at level 3

hospitals, with only 14% delivered at a level 1 hospital. Other studies have found wide

variation in the proportion of very preterm/low birthweight infants born in a level 3

hospital: 82% of very low birthweight births [102], 60% very low birthweight births

[103], 82.2% of very low birthweight births [54], 81% of very low birthweight [53], 88%

less than 2000 grams [104], 81% of very low birthweight births [105], 68% of very

preterm births [106], 67% of very low birthweight births [107], 75% of very preterm

births [108], 78% of very low birthweight births [57], 79% of very preterm births [109],

and 73.3% of extremely preterm births [55]. While it is positive that the majority of very

preterm infants in each of these studies were born in a level 3 hospital, a problem with

interpreting the results is that many of them were based on research collaboratives in
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large teaching hospitals. Differences in study population or hospital characteristics can

influence results with large area (ie. state) analyses more prone to find lower rates of

level 3 births, while analyses from research collaboratives based around large teaching

hospitals (ie. Vermont Oxford Network) were more likely to find higher rates of level 3

births.

Similar to other studies, black mothers in our study were more likely than their white

counterparts to deliver at a level 3 hospital, regardless of preterm gestational age category

[39, 110]. Contrary to our finding of higher rates ofNICU transfer among black infants,

regardless of gestational age or birth hospital level, Bronstein et al found that race did not

affect the likelihood that infants born in level 1 hospitals would be transferred to a NICU

after delivery [39].

4.5.2 Mortality and perinatal regionalization

Mortality rates were highest among infants who were born at a level 1 hospital,

regardless of gestational age or NICU transfer status. These results support the 1976

Committee on Perinatal Health statement that survival improves for high risk infants that

are delivered at hospitals with a NICU, and supports other studies that found similar

results [53, 55, 57, 102, 104, 105, 109, 111, 112]. For example, Paneth et al found that

preterm and low birth weight infants were at a 24% higher risk of mortality if birth

occurred outside of a level 3 center, regardless of whether birth occurred at a level 1 or

level 2 hospital [113]. Historically prompt transfer from a level 1 to a level 3 hospital has

been found to greatly reduce mortality risk [114], but more recently, for infants who are

born in a level 1 hospital, subsequent transfer to a level 3 hospital has been found to only
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marginally decrease the risk of mortality [104], further supporting the need for high risk

infants to be inborn at a level 3 hospital.

4.5.3 Racial disparities in mortality

Despite the finding that black infants were more likely than their white counterparts

to deliver at a level 3 hospital, mortality rates were elevated among black infants,

especially among level 3 births. The only exception was a significantly decreased

mortality risk among black infants who were born at a level 3 hospital but not

subsequently transferred to a NICU. Since it is puzzling that any infant <32 weeks

gestation who was born at a level 3 hospital would not be transferred to a NICU, we

further examined the time of death for this small group of infants (565 white and 398

black) and found that 88% of white deaths and 85% of black deaths occurred before the

infants could be transferred (<1 hour). A perplexing elevation in risk among black

infants was seen among extremely preterm infants who were born at a level 3 hospital

and subsequently transferred to a NICU. This finding contradicts findings from four

previous perinatal regionalization studies which found lower mortality rates among very

preterm/low birthweight black infants compared to their white counterparts after

adjusting for hospital-specific characteristics [51, 102, 104, 112], but agree with those of

Bronstein et al who found that black low birthweight infants had a 35% elevated risk of

mortality afier adjustment for socio-demographic characteristics [39]. In our analyses,

adjustment for elevated proportions of demographic risk factors such as inadequate

prenatal care, alcohol use and gestational week did little to reduce the black/white

disparity. Further analyses showed discrepancies in the birth hospital level and death

hospital level among extremely preterm black neonatal deaths (not shown). Specifically,
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despite the finding that overall, black infants were more likely to be born at a level 3

hospital than white infants, among births that subsequently resulted in a death, extremely

preterm black infants were less likely than their white counterparts to be born at a level 3

hospital (black = 80% vs. white = 82%). Likewise, among all deaths, extremely preterm

black infants were less likely than their white counterparts to die at a level 3 hospital

(black = 77% vs. white = 78%). But, race-specific concordance analyses between hospital

level at birth and hospital level at death did not substantiate racial differences with 99%

of both white and black neonatal deaths among level 3 births occurring at a level 3

hospital as well (not shown).

Previous studies [111, 112, 115] have identified several hospital characteristics

associated with health outcomes among infants. Lower staff-to-infant ratios have been

associated with higher morality rates among very low birthweight infants [111], although

racial differences in mortality risk were not examined. Howell et al (2008) found that

black infants were more likely to be born at hospitals with higher risk-adjusted mortality

and this explained more than one third of the black/white disparity in extremely low

birthweight neonatal mortality [112]. Morales et al found that minority serving hospitals

had significantly higher risk adjusted mortality rates for both white and black infants than

hospitals where less than 15% of infants were black (White OR=1.30, 95% CI=1.09-1.56;

Black OR= 1.29, 95% CI = 1.01-1.64) which were not explained by either hospital

characteristics or treatment variables [115]. It is possible that black infants in our sample

were more likely than white infants to be born at minority serving hospitals with higher

risk adjusted mortality rates, and this led to the excess risk among black infants across

preterm categories. An examination of hospital specific mortality rates demonstrated a
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slight indication of higher mortality rates among minority serving institutions (>15%

black), but 79% of the level 3 hospitals in our study fell into this category, so it is

difficult to make strong inferences based on this information.

A growing body of evidence suggests that outcomes for surgical procedures and

medical diagnoses are better for patients treated in hospitals with higher volumes of

patients receiving similar procedures [57, 78, 116]. Upon examining 11 year volume

within our study, we found a trend in mortality rates with the highest rates seen in level 3

hospitals with >2000 preterm births (108.4 per 1,000 live births) and the lowest mortality

in hospitals with <1000 preterm births (49.4 per 1,000 live births). In contrast, Phibbs et

al found that compared with a high level of care and a high volume of very low

birthweight infants, lower levels of care and lower volumes were associated with

significantly higher odds of death [57]. This is not always the case with high risk

neonatal and infant mortality. Some studies have not found a relation between hospital

volume and mortality. Horbar reported no effect ofNICU patient volume on mortality

outcomes of very low birthweight infants [102]. The referral of very low birthweight

infants based on patient volume was minimally effective, accounting for only 1% of

hospital variation in mortality outcomes in a 2004 study [51]. Authors from the same

study found that the largest indicator of hospital quality was the mortality rate from the

previous year, which accounted for 34% of hospital level variation in mortality rates [51].

Reasons for delivery at certain hospitals and NCU transfer involve a number of factors

whose evaluation was not in the scope of this project such as place of residence [117],

distance to hospitals [118], managed care and HMOs [107], which could all vary by race.

4.6 Conclusions
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Our study found significant racial disparities in rates of preterm birth, hospital level at

birth and NICU transfer among various gestational categories. Despite higher rates of

level 3 births, racial disparities in preterm infant and neonatal mortality persist. Reasons

for this elevation in black mortality rates are unclear, and limitations in available vital

statistics data prevented the full exploration of hospital-specific characteristics.

Furthermore, national data on hospital level at birth and the prevalence ofNICU transfers

are not available in the National Center for Health Statistics Linked Birth/Infant Death

Records, so it was not possible to see if this relationship differed by state. Future studies

should supplement state and national vital records with hospital specific characteristics

which influence infant mortality rates and racial disparities in infant mortality rates (ie.

infant to staff ratios). Although large teaching collaboratives, such as the Vermont

Oxford Network offer detailed hospital specific information, all infants are not born in

medical facilities with a NICU and therefore may be included in related studies. The

addition of data on all hospitals, especially level 1 hospitals with the highest mortality

rates, is essential for reducing overall infant mortality rates and racial disparities in infant

mortality.
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CHAPTER 5: CONCLUSION

The primary focus of this research was to determine reasons for nationwide

variation in racial disparities in IM. Issues related to disparity measurement (relative vs.

absolute measures) and three key exposures (inequalities in sociodemographic factors,

infant and fetal reporting practices and perinatal regionalization) were examined in order

to gain a better understanding of the composition of racial disparities in IM. Study aims

were centered on state level factors which are amenable to intervention, with hopes of

influencing future research agendas along with state and national policy. These aims

allowed the untangling of a complex issue by simultaneously examining multiple factors

which could influence racial disparities in IM. Furthermore, this study evaluated two

policy-relevant disparity measures in relation to IM. Noteworthy results from this study

include the findings that racial inequalities in the proportion of very low birthweight and

very preterm infant births along with state differences in reporting very low birthweight

and very preterm births were consistently associated with national variation in IM

disparities. Racial inequalities in perinatal regionalization, however did not account for

higher infant or neonatal mortality rates among black infants in Michigan.

Our study found that relative and absolute measures of disparity provided similar, but

not identical results when examining inequality in infant, maternal and state

sociodemographic factors. They provided different results, however, when examining

state-level racial disparities in IM. State differences in the proportion ofVLBW births

were the strongest predictor of racial disparities in IM. Furthermore, inequalities in

foreign born status and percent poverty were also significantly correlated with national

variation in IM disparities. Inequalities in maternal factors did not play a strong role in
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nationwide variation in IM disparities in fully adjusted analyses, but relative and absolute

measures of inequality in teen pregnancy were significantly correlated in partially

adjusted models. Due to different IM disparity results depending on the measure used,

future studies examining reasons for state-level differences in racial disparities in IM,

should use both relative and absolute disparity measures. Care should also be taken when

examining nationwide variation in racial disparities in IM interpretation of results should

include discussion of how results differ, depending on the disparity measure used. While

relative and absolute disparity measures were significantly correlated with each other,

they exhibited different relationships with [M rates. Total IM was only correlated with

the absolute disparity measure, while white IM was only correlated with the relative

measure. Although both disparity measures were significantly correlated with black IM,

this relationship was stronger when using the absolute measure of disparity as opposed to

the relative measure. This discovery reinforced the finding that the absolute disparity

measure more closely reflected black IM rates than did the relative disparity measure.

Due to differences in disparity measure associations with [M rates, future research on

racial disparities in IM should examine both relative and absolute disparity measures.

Furthermore, high correlation between inequalities in the proportion of very low

birthweight births and disparities in IM indicates that future research should work on

extracting more meaning from infant birthweight. Lower birthweight for gestational age

among black infants has yet to be fully explained.

Overall, registration area differences and viability differences in mortality rates,

absolute disparities and relative disparities were most pronounced among infants 5 22

weeks gestation. Simply excluding infants less than 20 weeks gestation and/or less than
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500 grams did not erase registration area differences in IM rates or disparities. Although

significant area and classification differences were seen for both races, differences were

most prominent among black infants. That proportion non-viable categories were similar

among infant and fetal deaths indicates real category differences in not only the

pr0portion of at-risk infants born (ie. extremely preterm/low birthweight) but also

indicates real differences in racial disparities between these categories. Absolute

disparities as measured by the disparity differences were most sensitive to area

differences in disparities, especially when overall mortality rates were high.

State differences in fetal death reporting requirements lead to differences in the

reported number of live births, infant deaths and fetal deaths. These differences persist

even after limiting data to gestations which should be reported by all states. In order for

national vital statistics data to be meaningful, a uniform definition of fetal death must be

adopted. Based on the lowest IM rates and disparities seen in fetal death registration

areas which report all products of conception, we recommend reporting all products of

conception as fetal deaths. The reporting of all products of conception by each

registration area would allow the examination of racial differences in the continuum of

miscarriages, fetal deaths, early neonatal deaths and neonatal deaths with vital statistics

data. This would reduce systematic differences in the reporting of live births and fetal

deaths to give an accurate record of actual mortality rates and disparities. Future studies

should examine proportion non-viable differences in relative and absolute disparities.

Studies should also examine registration area differences in the continuum of

miscarriages, fetal deaths and early neonatal deaths.
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Finally, with respect to perinatal regionalization, our study found significant racial

disparities in rates of preterm birth, hospital level at birth and NICU transfer among

specific gestational categories in Michigan. Despite higher rates level 3 births among

black infants, racial disparities in preterm infant and neonatal mortality persist with black

infants twice as likely as their white counterparts to die during the first year of life.

Reasons for this elevation in black mortality rates are unclear, and limitations in available

vital statistics data prevented the full exploration of hospital-specific characteristics.

Furthermore, national data on hospital level at birth and the prevalence ofNICU transfers

are not available in the National Center for Health Statistics Linked Birth/Infant Death

Records, so it is not possible to determine if this relationship differs by state. Future

studies should supplement state and national vital records with hospital specific

characteristics found to influence infant mortality rates and racial disparities in infant

mortality rates (ie. infant to staff ratios). Although large teaching collaboratives, such as

the Vermont Oxford Network offer detailed hospital specific information, all infants are

not born in medical facilities with a NICU and therefore may be included in related

studies. The addition of data on all hospitals, especially level 1 hospitals with the highest

mortality rates, is essential for reducing overall infant mortality rates and racial

disparities in infant mortality.

A nationwide analysis of racial differences in hospital level at birth and NICU

transfers needs to be done. State differences in these factors could contribute

substantially to nationwide variation in IM rates and to variation in racial disparities in

IM. The addition of hospital level at birth and NICU transfer to the national, publicly

available linked birth, infant death dataset would provide an unbiased study population
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publicly available for analysis.
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Appendix A. Exposure variable specific adjustment for fully adjusted partial

correlation model 3.

APPENDIX

 

 

 
 

 

 

   
 

 

 

 

 

 

    
 

 

  

Exposure Variable Model 3 Partial Correlation Ad'Lustments

Inequalities Maternal I State

Infant

Low Birthweight

Low Birthweight Very Low Birthweight Proportion Black

Unknown Father RR 2 High School RD

Very Low Birthweight Teen Pregnancy RD Poverty RR

Tobacco Use RR

Preterm

Preterm Very Preterm Proportion Black

Unknown Father RD 2 High School RD

Very Preterm Teen Pregnancy RD Poverty RR

Tobacco Use RR

Maternal

Teen Pregnancy Proportion Black

Teen Pregnancy Unknown Father RD 2 High School RD

Tobacco Use RR Poverty RR

Proportion Black

Unknown Father U611]:flegaggr 2 High School RD

Poverty RR

. < High School Proportion Black

< ngh SChOOI Teen Pregnancy RD Unemployed RR

Unmarried Unmarried Proportion Black

Teen Pregnancy RD 2 ngh School RD

Tobacco Use Teefiol:36:21:?“ Proportion Black

Alcohol Use

Alcohol Use Teen Pregnancy RD Proportion Black

< High School RR

Inadequate Prenatal Care Inadequate Prenatal Care Proportion Black

Tobacco Use RR

State

Foreign Born < High School RR Prlgportlon Black

orergn Born

Proportion Black

< High School “‘3‘ Pregi‘ag‘gRRD < High School

nmame Poverty RR

Proportion Black

_>_ High School T631 Pregnancy RD 2 High School
nmarrred DR

Poverty RR   
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Appendix A (continued). Exposure variable specific adjustment for fully adjusted

partial correlation model 3.

 

 

 

 

 

 

Exposure Variable Model 3 Partial Correlation Adjustments

Inequalities Maternal State

Teen Pregnancy RD Proportion Black

2 College Unmarried DR 2 College

Proportion Black

Unem 10 ed Unknown Father RR Unemployment

p y Teen Pregnancy RD 2 High School

Poverty RR

. Proportion Black

Poverty < Hrgh School RR Povergl    
 

*Each of the exposure variables of interest are inequalities (ie. relative risk or risk

difference)
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Appendix C. Percent of Borderline Infants Who Survive to Age 1 by Fetal Death

Classification Area; United States, 2000-2002

 

Are 0/ Birthweight <500 grams Birthweight 500-999 grams

3’ ° Total White Black Total White Black

 

 

Total 16.7 16.3 17.2 69.2 68.7 70.0
 

Area 1 10.5 8.9 12.0 68.1 66.9 69.3
 

Area 2 16.6 14.6 18.4 68.5 67.8 69.4
 

Area 3 10.4 11.4 9.1 68.4 67.8 69.6
 

        Area 4 18.8 18.6 19.1 69.8 69.4 70.5
 

Area 1= All products of conception

Area 2=Birthweight and gestational age criteria

Area 3= Birthweight criteria

Area 4: Gestational age criteria
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Appendix F. Age at death by hospital of birth level and hospital of death level

among all deaths, Michigan 1996-2006.

 

Age at Death Birth Level Death Level

1 3 1 3

 

 

Neonatal 601 (18.1) 2719 (81.2 390 (11.8) 2930 (88.3)
 

      Postneonatal 216(179) 989(82.1) 353 (29.3) 852 (70.7)
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Appendix G. Concordance between hospital level at birth and hospital level at death

among extremely preterm (<28 weeks) neonatal deaths, Michigan 1996-2006.

 

 

 

 

   

Birth Level Death Level

1 g 3

1 228 (60.5) 149 (38.5)

3 17 (0.9) 1821 (99.1) 
 

*199 deaths <1 hour (87.3%)
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Appendix H. Concordance between hospital level at birth and hospital level at death

among extremely preterm (<28 weeks) white neonatal deaths, Michigan 1996-2006.

 

 

 

 

   

Birth Level Death Level

1 3

1 182 (61.5) 114 (38.5)

12 (1.2) 998 (98.8)  
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Appendix I. Concordance between hospital level at birth and hospital level at death

among extremely preterm (<28 weeks) black neonatal deaths, Michigan 1996-2006.

 

 

 

 

 

Birth Level Death Level

1 3

l 46 (56.8) 35 (43.2)

3 5 (0.6) 823 (99.4)    
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