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Abstract

Although substantial declines in infant mortality rates have occurred across race/ethnic
groups, there has been a marked increase in relative disparity in risk of infant death. The objective is
to gain insight into the reasons for growing race/ethnic inequality based on cause-of-death specific
data from linked birth/infant death cohort files for 1989-1991 and 1995-1998. We are particularly
interested in widening disparities which followed in the wake of advances in perinatal care. We find
that the relative gap between non-Hispanic white (NHW) infants and infants born to both non-
Hispanic black (NHB) and Mexican American mothers increased when innovations in health care
occur in a continuing context of social inequality. Models of absolute change demonstrate that,
among low weight births, absolute declines in mortality from some leading causes were greater for
NHW infants than for infants born to NHB and Mexican American women. However, these findings

do not hold for infants born to Mexican immigrants.



ADVANCES IN PERINATAL CARE AND INCREASING RACE/ETHNIC DISPARITY
IN INFANT MORTALITY
INTRODUCTION
In recent years, tremendous advances in perinatal health care and technology have resulted in

resuscitation of infants born at ever lower weights and ever shorter gestations (Hollander 1995;
Sowards 1997), and presumably a more than off-setting capacity to preserve the life of these high-
risk newborns—given the consistent temporal decline in infant mortality rates. (Guyer et al. 1998). '
In certain quarters, the general reduction in infant death rates may have created the impression that
race/ethnic differentials in survival chances would become an issue of declining substantive interest.
Just the opposite has proven to be the case.

As is quite clear from the Healthy People 2010 report (U.S. Department of Health and Human

Services [U.S. DHHS] 2000), despite the emergence of new and enhanced preventative and curative
perinatal health care interventions, large relative differentials in infant mortality between the non-
Hispanic white majority and certain minority populations have persisted and are of growing concern
to scholars and policy makers alike (Frisbie et al. 2004, in press; Gortmaker and Wise 1997; Wise
2003). Even more disturbing is the finding that, while substantial absolute declines in infant
mortality have occurred across virtually all race/ethnic groups, the relative disparity between blacks
and whites has not only persisted, but has actually increased. The black/white ratios for the infant
mortality rate (IMR) and the neonatal mortality rate (NMR) stood at 2.0 and 1.9, respectively, in
1980. By the early 1990s, both ratios had risen to approximately 2.3, where they plateaued until
1997 (Guyer et al. 1998). Since then, however, widening of the gap has resumed. For example,

between 1998 and 1999, there was a decline of 3.8% in the death rate for white infants, as compared

! Just reported by Kochanek and Martin (2004) is evidence that a nationwide increase in the IMR occurred between
2001 and 2002—the first such increase since 1957-58. This increase occurred too recently to allow determination of
whether this is a short-lived inflection or a longer-term alteration in the secular trend.



to a decline of only 0.3% among black infants (Hoyert et al. 2001: 5), and by the year 2000, the
black/white rate ratio stood at 2.4-2.5 (Hoyert et al. 2001; Mathews et al. 2002; Minino et al. 2002).
Now there is evidence that, among high risk (i.e., low birth weight) infants, the absolute gap in
black-white infant mortality has widened, at least in the case of one leading specific cause of death
(Frisbie et al. 2004, in press).

A considerably expanded research agenda which focuses on race/ethnic disparities by

specific causes of infant death is needed. As put by Mathews et al., “(a)n examination of cause-

specific differences in infant mortality rates between race and Hispanic origin groups can help the
researcher to understand overall differences between these groups” (2002: 7; emphasis added).
There, of course, continues to be considerable interest in Hispanic (especially Mexican origin) infant
mortality, but few studies have attempted to explain changing differentials by specific cause of death
across multiple race/ethnic groups (for an exception, see Muhuri et al. 2004). Further, over the past
decade, the Mexican Origin/non-Hispanic white infant mortality rate ratio remained little changed, *
but, as we will demonstrate, this relative stability resulted from the higher rates for infants of U.S.-
born Mexican women being offset by lower rates among infants born to Mexican immigrants.
Objectives

The general substantive issue addressed by the present research can be posed as follows:
“The analytic challenge for any assessment of disparities in infant mortality, therefore, is not merely
to document that disparities exist but rather to explain why they persist in the face of enormous
reductions in absolute levels of mortality” (Wise 2003:343). In this paper, we document and attempt
to explain the variation observed nationwide in infant mortality risk from three leading causes of
death among the non-Hispanic white (NHW), non-Hispanic black (NHB), and the Mexican origin

populations over the period 1989-1998. The time frame is important inasmuch as it has been

? Throughout, we use the term “Mexican origin” to refer to both U.S.-born Mexican Americans and
immigrants from Mexico.



concluded that “the past two decades have witnessed the most profound alterations ever recorded in
the structure of infant mortality patterns in the United States” (Gortmaker and Wise 1997: 152). °
CONCEPTUAL MODEL

General Model

How does it happen that greater race/ethnic disparities in health follow in the wake of
improvements in health care and technology? A prominent theory of health inequalities among
race/ethnic groups is based on the premise that the ability of individuals to reduce the risk of disease
and death “is shaped by resources of knowledge, money, power, prestige, and beneficial social
connections” (Link and Phelan 2002: 730; see also Link and Phelan 1995, 1996). In brief, the Link
and Phelan theory of fundamental social causes proposes that “as health-related situations change,
those with the most resources are best able to avoid diseases and their consequences” (Link and
Phelan 1996: 472).

“Middle-Range” Theory

Consistent with this general model is recent literature on the widening relative gap in
black/white infant mortality. Gortmaker and Wise (1997) warn that greater racial disparity in infant
mortality may accompany advances in health services technology because the “first injustice,” i.e.,
social and economic inequality, is apt to translate into differential access to health care. This does
not imply that a high-risk black infant will be denied therapeutic intervention or be accorded lower
quality of care. Rather, we understand the Gortmaker and Wise argument to be similar to that
advanced by Link and Phelan (1995, 2002); viz., socially disadvantaged groups are less likely to
have the information, the social networks, and/or the socioeconomic wherewithal to acquire

knowledge of, and/or acquire access to, innovations in health care.

* The analysis begins with 1989 because that is the first year in which identification of Hispanic groups was
sufficiently comprehensive to support the analysis.



Our aim is to examine the extent to which disparity in the risk of infant mortality increased
following the introduction of advances in perinatal care and technology and to estimate the direction
and magnitude of the effects of social, demographic, behavioral, and biomedical risk factors that
may influence changing race/ethnic differentials. Specifically, we will examine the change in risk
from three leading causes of infant mortality: Sudden Infant Death Syndrome (SIDS), Respiratory
Distress Syndrome (RDS), and congenital anomalies for the period 1989-1998. These three
conditions were among the five leading causes of infant mortality over the 1990°s decade, and each
allows somewhat different, but interrelated and complementary, insights regarding race/ethnic infant
mortality differentials. *

Comparing the risk of infant death for the Mexican origin population with the risk for NHWs
and NHBs provides analytical leverage with respect to the degree to which differential access to
health care interventions is responsible for race/ethnic disparities. As has been consistently
documented, the Mexican origin population, even compared to blacks, is characterized by lower
average levels of education, greater proportions of women lacking adequate prenatal care, and a
higher percentage without insurance of any kind to pay for delivery (Frisbie et al. 1997; Moss and
Carver 1998)—all risk factors that impede access to care. Further, Mexican immigrant women
(indeed, immigrants in general), are less apt to have health insurance and more likely to have
restricted access to the formal health care system than are their U.S.-born counterparts (Frisbie et al.
2001; LeClere et al. 1994; Thamer et al. 1997). Thus, if differential access to health care advances is

a root cause of race/ethnic variation in infant mortality, over time, the relative risk of adverse

* The other two leading causes of infant mortality are disorders relating to short gestation and
unspecified low birth weight (SG/LBW) and maternal complications (e.g., incompetent cervix,
premature rupture of membranes, ectopic pregnancies, and multiple pregnancy. The IMR for SG/LBW
has actually increased in recent years if one considers all births, rather than just singletons, and the same
is true for infant mortality related to maternal complications (Muhuri et al. 2004). Clearly, additional
research on these causes is sorely needed. They are not included here, however, because of our focus on
causes for which notable declines in infant mortality, associated with innovations in health care,
occurred.




pregnancy outcomes among Mexican origin infants, especially those born to immigrant mothers,
should have increased.

However, a large body of research reports that the risk of Mexican origin infant mortality is
very similar to, (and sometimes lower than) that observed among non-Hispanic whites, and mortality
rates have been found to be lower among infants born to Mexican immigrant women than are the
rates for either NHW infants or for infants born to U.S.-born Mexican American mothers (Frisbie et
al. 1998; Hummer et al. 1999; Scribner 1996; Singh and Yu 1996). Hence, we do not expect that risk
of Mexican origin infant mortality will have become notably (or even modestly) higher than the
NHW risk over the 1990s, and support for the theory does not depend on such results. The theory
would be supported, however, by the finding that the relative prevalence of positive pregnancy
outcomes among Mexican origin infants eroded following the introduction of innovations in

perinatal care.

To summarize, we first will determine whether, and the degree to which race/ethnic variation
in three leading cause of infant death changed in the wake of major innovations in perinatal care.
Second, we will estimate the degree to which social inequities, which can be expected to limit access
to advances in perinatal care, or other alternative explanations, can account for variation over time in
the causes of death. Third, we want to model the risk of three leading causes of infant death for high
risk infants. The third aim is important for several reasons. Inasmuch as medical technology is
credited with an increasing ability to resuscitate high risk (low birth weight) many of whom would
have been stillborn in previous times, it is of crucial importance to determine the extent to which
perinatal care and technology has been able to improve the viability of these high-risk births. The
matter is further complicated by the fact that, from the 1980s into the 1990s, rates of preterm birth
and low weight births increased among whites and many other race/ethnic groups, while rates of

these adverse birth outcomes declined slightly among blacks (Demissie et al. 2001; Frisbie and Song



2003). One interpretation of the upward inflection in the rates of low weight and preterm births
among white women is that fertility enhancement procedures have resulted in an increased rate of
multiple births to white women—a phenomenon not observed among black women (Demissie et al
2001; see also Blondel et al. 2002). Plural births will of course be, on average, earlier and lighter
than singletons.

Finally, although the relative disparity in infant mortality between race/ethnic minorities and
the NHW majority has increased, a number of authors have taken some comfort from data showing

that the absolute gap has narrowed. The latter finding characterizes overall changes in rates, and

while encouraging, it is also unsurprising inasmuch as the absolute rates for a number of minority
groups, especially blacks, are high and “have much more room to fall.” However, recent research
suggests there may be reason to qualify optimism concerning absolute rates. Frisbie et al. (2004, in
press) report the disturbing finding that among high-risk (i.e., low weight) births at least for RDS,

the greatest absolute improvement in survival for RDS-related deaths occurred among whites, not

blacks. Hence, another of our aims is to determine whether such an unexpected finding applies in
regard to SIDS and congenital anomalies.
TRENDS IN SPECIFIC CAUSES OF INFANT DEATH

The highest rate of infant mortality in 1989-91 was for congenital anomalies, followed by
SIDS, SG/LBW, and RDS in descending order. In 1995-98, the rank order was the same, except that
SIDS and SG/LBW switched places in the ranking. We begin the discussion of changes in cause-
specific rates with RDS because of the wealth of clinical evidence linking the fall in rates from that
condition to a particular techno-medical innovation, and because of the relative lack of population
based research on race/ethnic differentials in the decline in RDS for the nation as a whole.

RDS: There is convincing evidence that pulmonary surfactant replacement therapy has been

extremely effective in reducing RDS mortality (Ferrara et al. 1994; Halliday 1997; Hamvas et al.



1996; Malloy and Freeman 2000; Ranganathan et al. 2000). RDS results from a deficiency of
naturally occurring surfactant in the lungs of the fetus such that the functioning of the alveoli may be
compromised and gas exchange may fail. It is a largely (but not entirely) a problem of preterm (or
low birth weight) infants in that, prior to 26 weeks gestation, there is usually little or no natural
secretion of surfactant (British Columbia Reproductive Care Program 1993; Halliday 1997; Malloy
and Freeman 2000). The availability of data on variation in risk of death from RDS in the periods

before and after the approval of surfactant therapy by the U.S. Food and Drug Administration (FDA)

for general use in August 1990 offers an opportunity to gain insight into how variation in the impact
of advances in perinatal health care can be produced or mediated by social factors. In addition to the
clinical research, a few descriptive studies, found mainly in the public health literature, have taken
advantage of this natural experiment by observing changes in the black-white RDS differentials in
the “pre-surfactant” and “post-surfactant” periods (Frisbie et al. 2004, in press; Malloy and Freeman
2000; Ranganathan et al. 2000).

Following approval of surfactant replacement, RDS mortality dropped substantially among
both blacks and whites. If one considers the IMR for all live births, absolute declines were greater
for blacks than for whites, but in relative terms, the black/white gap increased substantially as
indicated by rate ratios (Halliday 1997; Hamvas et al. 1996; Malloy and Freeman 2000;
Ranganathan et al. 2000). Thus, the decrease in infant death associated with RDS appears to have
contributed both to the overall decline in infant mortality in the 1990s and to the widening black-
white RDS relative risk differential (Ranganathan et al. 2000). At least one study, based on data
from hospitals in the St. Louis area, indicates a reversal from a black RDS survival advantage to a
white survival advantage among very low birth weight (500-1500 grams) infants after introduction

of surfactant therapy. More recent research indicates that a reversal also occurred nationwide and



that, among low weight births (<2500 grams), the absolute improvement for white infants was

greater than that for black infants (Frisbie et al. 2004, in press).

SIDS: The prominence of SIDS as a leading cause of infant death in general, and the fact that
it was the number one cause of postneonatal mortality in both the 1980s and 1990s (Black et al.
1986; Pollack and Frohna 2001, 2002) represent part of the rationale for including this condition in
this analysis. Importantly for present purposes, SIDS, like RDS, is a condition for which a specific
advance in perinatal health care apparently had a large and beneficial impact on infant survivorship.
Following the recommendation by the American Academy of Pediatrics (AAP) in 1992 that infants
not be put to sleep in the prone position and the educational campaign promoting “back to sleep”
that was mounted nationwide in 1994 (Gibson et al. 2000; Pollack and Frohna 2001, 2002; Willinger
et al. 1998), the SIDS rate dropped by more than one-third among singleton births in the U.S.
between 1989 and 1997 (Pollack and Frohna 2001). The utility of a “before and after” analysis is
strongly supported by the fact that prior to 1992, the SIDS mortality rate changed little, even though
infant death rates from many other causes were on the decline (Willinger et al. 1998).

SIDS is a condition that is included in the International Classification of Diseases (ICD)
under the rubric “Symptoms, Signs, and Ill-Defined Conditions,” with the specific definition being
“the sudden and unexpected death of an apparently healthy baby” (Davies 1994: 139). The etiology
of SIDS remains to be firmly established, and “the mechanism by which the prone sleeping position
should confer an increased risk of death to a young infant remains unclear” (Jeffery et al. 1999: 263).
Research begun on animals and extended to human infants suggests that “airway protection is
compromised in the prone sleeping position” (and improved in the supine position) because when
infants sleep on their stomachs, “the swallowing rate is reduced significantly” (with) “no

compensatory increase in arousal” (Jeffrey et al. 1999: 263). Ambient smoke appears to contribute to
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risk of death from SIDS because the normal stimulation to ventilation that occurs through laryngeal
chemoreflex is depressed by nicotine (Jeffery et al. 1999).

Descriptive studies indicate that the disparity between black and white risk of death from
SIDS (as indicated by the ratio of black-to-white cause-specific IMRs), widened substantially
following the “back-to-sleep” initiative (Moon et al. 2002; Willinger et al.1998). Indeed, “the SIDS
rate has declined twice as fast among Caucasians than among African Americans (AA) from 1989 to
1995” (Gibson et al. 2000: 286). Inclusion of other minority groups is important to this research
because descriptions of rate changes indicate substantial variability by race/ethnicity. For example,
the incidence of SIDS mortality per 1000 live births was lower among Mexican Americans than
among non-Hispanic whites both before and after the back to sleep campaign (Black et al. 1986;
Pollack and Frohna 2001). Relative survival gains were smallest for African Americans (Pollack and

Frohna 2001). One early study, prior to the “back to sleep” initiative, based on California vital

records found the incidence of SIDS to be lowest among infants of mothers born in Mexico,
followed by infants born to Mexican American, white, and black mothers in ascending order
(Grether and Schulman 1989: 563).

Congenital Anomalies

From 1980 to the present, congenital anomalies was the leading cause of infant death in the
United States (U.S. Census Bureau 2001: 77). Another major reason for including this cause of death
is that it represents one of the few conditions for which the white infant mortality rate exceeded the
non-white rate in the not-too-distant past. In the early 1970s, the white IMR from congenital
malformations stood at 3.1 per 1000 live births as compared to a nonwhite rate of 2.6 per 1000 (Lee
et al. 2001). While the vast majority of all nonwhites are African Americans, the presence of other
groups (notably Asians) in the nonwhite category no doubt contributed to the nonwhite survival

advantage. From 1970 to 1980, the white rate of death from congenital anomalies declined more

11



rapidly than that for nonwhites. Still, even with this relatively greater improvement for whites, when
data became available that allowed a specific comparison of blacks with whites in the early 1980s,
white and black rates were quite similar (Lee et al. 2001). But, in the mid-1980s, the infant death rate
for whites from this condition continued to decrease faster than did the rate among blacks.

Importantly, these trends support the conclusion that genetic differences are not a cause of
black- white disparities in infant mortality. Thirty years ago, the white death rate from congenital
anomalies was higher than the nonwhite rate (Lee et al. 2001), and 20 years ago, the rates for blacks
and whites were quite similar. Since that time, a black disadvantage has emerged, but genetic
changes of consequence do not occur over a few decades. It is simply not plausible that in the past
two or three decades the formerly superior (or at least similar, if the earlier need to rely on nonwhite
as opposed to black rates casts some doubt) survivorship of blacks from congenital malformations
was erased or reversed due to changes in genetic makeup. If a biological (i.e., genetic) explanation is
not applicable, what can explain the emergence of a white survival advantage? A likely explanation
is that social inequity has led to race differentials in benefits from advances in health care.

In recent years, a number of remarkable medical innovations have occurred that have played
a role in the reduction in infant mortality from congenital defects, including preventative measures
(e.g., consumption of folic acid prior to conception and in the early stages of pregnancy apparently
reduces risk of neural tube defects), the growing ability to detect congenital malformations in the
course of prenatal care, antenatal surgical procedures to correct malformations detected in the fetus,
selective termination of pregnancies when lethal anomalies are detected, and interventions designed
to preserve the life of infants born with congenital malformations (Lee et al. 2001). Access to these
interventions appears to be much more limited for “low-income women and women of color”

(Nsiah-Jefferson 1993:308). Among the limitations for both NHB and Mexican origin access to

preventive and curative interventions are a lower percentage who receive adequate prenatal care and
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screening during which congenital defects might be discovered (and, at least in recent years,
ameliorated or remedied), lower levels of education and knowledge of the health care system, and
insufficient economic resources and health insurance. Each of these can also be seen as barriers to
genetic counseling that can help reduce the incidence of conception of infants with congenital
malformations (Nsiah-Jefferson 1993). Unlike the case with SIDS and RDS, perinatal care
innovations aimed at reducing infant morality from congenital malformations appear to have been
more incremental in nature. However, note that while surfactant replacement and the back-to-sleep
program have been credited with a large proportion of the reduction in infant death from RDS and
SIDS, respectively, other perinatal care advances have had beneficial effects as well. °
DIFFERENTIAL MECHANISMS

Mechanisms Associated with Fundamental Social Causes Theory

The core conceptual model underlying this analysis proposes that race/ethnic differentials in
access to interventions—interventions made possible by recent notable advances in health care
technology—will eventuate in a higher degree of relative minority disadvantage vis a vis the NHW
majority. However, the precise nature of the mechanisms through which social inequality can lead
to a widening race/ethnic gap in infant mortality may differ somewhat according to the nature of the
health care intervention and by specific cause of death. For example, the beneficial effects of
surfactant therapy on RDS can be expected to vary with economic resources, having adequate health
insurance, and the level and quality of diagnostics and medical care available at parturition. This is
because surfactant replacement is a medical/technological advance that is administered in a clinical
setting, with the likelihood of successful intervention being greatest in tertiary care hospitals with a

top-flight neonatal intensive care unit (NICU). As just discussed above, very similar mechanisms

> For example, antenatal corticosteroids are employed to improve fetal lung maturation and thereby reduce
risk of death from RDS and other respiratory ailments (Morales et al. 1989).
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seem likely to play a significant role in the smaller benefits obtained by minority groups in the
reduction of infant mortality attributable to congenital anomalies.

By contrast, the risk of SIDS death has been dramatically reduced by the simple procedure
of putting infants to sleep on their back. Hence, any growth in disparity between minority and
majority infants from this condition is much less likely to be due to lack of social and economic
resources, and much more apt to be a result of “outreach failures.” That is, it is certainly plausible
that the “back-to-sleep” campaign of the early 1990s did not adequately penetrate segregated inner-
city neighborhoods in which the population is more isolated, less educated on average, and therefore
generally less likely to cognizant of recommendations for achieving improved health. Lack of
adequate prenatal and postnatal (“well baby”) care would exacerbate the problem in that advice and
counseling regarding healthy behaviors is less likely to be received.

An Alternative Mechanism

Public health studies comparing black and white changes in infant mortality due to RDS have
suggested an alternative mechanism through which innovations in perinatal care may lead to a
widening majority-minority gap in infant mortality. Specifically with respect to RDS, it has been
concluded that a substantial portion of the increase in disparity between blacks and whites in the risk
of infant mortality is due, not to differential access to intervention, but rather to differential need for
intervention. The putative link between surfactant therapy and the increasing black RDS infant
mortality disadvantage is that “Fetal pulmonary surfactant matures more slowly in white than in
black fetuses, and therefore RDS is more prevalent among whites than among blacks” (Hamvas
1996: 1635). A reasonable expectation, then, is that, once surfactant replacement therapy became
widespread, RDS mortality would be reduced “more among whites than among blacks” (Hamvas et

al. 1996: 1635). This interpretation is consistent with earlier research which concluded that, in
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general, black infants mature at shorter gestations and lower birth weights than white infants (Kline
et al. 1989; Wilcox and Russell 1986, 1990).

In a later commentary, Hamvas (2000) maintains that the widening black-white gap “may
result from biologic differences,” especially as these are related to “genetic and developmental
mechanisms that determine the response to environmental influences” (2000: 428). Hamvas also
explicitly acknowledges that the widening relative disparity between black and white risk of infant
mortality from RDS could be due to other mechanisms, including differences in access to
intervention.

At this juncture, it will be useful to consider whether the “differential need for access to
intervention” hypothesis can be applied to SIDS and congenital anomalies—the other two leading
causes on which we focus. Although the literature may not as directly link racial variation in speed
of fetal maturation to the latter two causes, it is nonetheless the case that infant mortality rates from
SIDS and congenital anomalies (and most other causes) are much higher among infants born at low
weights and short gestations. Our calculations for the period 1995-98 show that, depending on
race/ethnic group, LBW infants were from 7 to 18 times more likely to die of RDS, as compared to

all infant births. For SIDS and congenital anomalies, the excess risk among low weight births ranged

from 2 to 3 times higher for SIDS and from 5 to 10 times higher for congenital anomalies. Had low

weight births been compared to normal weight births, the excess would be much greater. It seems

logical to expect that infants born early and light will be less robust in their capacity to survive
morbid conditions of any nature or origin. That fetal development of blacks occurs more rapidly
than is the case for white infants has long been a tenet in public health literature used to explain
well-documented fact of a higher rate of survival among LBW black infants that among their LBW
white counterparts (Hamvas et al. 1996; Wilcox and Russell1990). Thus, the differential need for

intervention hypothesis might be plausibly entertained for conditions other than RDS.
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Conversely, a more recent analysis that examined changes in both relative and absolute racial
disparity in RDS-related infant mortality for the period 1989-90 to 1995-98 concluded that “...taking
into account that blacks are far more disadvantaged in terms of their risk profile than are whites, and

that controls for social factors substantially diminish the race disparity in risk, we believe our results

support the view that, whatever differences in need for intervention exist, social inequality remains a
fundamental cause of disparities in health care, morbidity, and mortality” (Frisbie et al. 2004, in
press). Finally, there is no indication of any notable differences between the Mexican origin and
NHW populations in the rate of fetal maturation. Thus, the inclusion of the Mexican origin
population (by nativity) in the current research should allow additional insight into whether the
“social model” that lies at the core our research or the “medical” model has the greater explanatory
potential.
RISK FACTORS

Basic demographic covariates for this analysis include maternal age, marital status, and
nativity, along with parity and sex of infant. We control for sex because male infants are less apt to
be born at low birth weight, but are consistently more likely than females to die in the first year of
life (Frisbie et al. 1998; Moss and Carver 1998). Infant mortality risk is higher for infants born to
teenagers and unmarried mothers (Cramer 1987; Hummer et al. 1999; Moss and Carver 1998).
Maternal age needs to be considered jointly with parity since the risk of adverse outcomes is
exacerbated among “primiparas 30 years of age and over and multiparas under 18 years of age”
(Kleinman and Kessel 1987: 751). Adverse pregnancy outcomes are less likely among immigrant
women (Hummer et al. 1999), including black women (Cabral et al. 1990), probably due to the
positive selection of migration (Palloni and Morenoff 2001; Frisbie 2005, forthcoming), though
some authors ascribe the immigrant advantage to cultural differences (Cobas et al. 1996; Scribner

1996).
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Maternal age and marital status, although typically categorized as demographic variables,
might be conceptualized as fundamental social determinants of the resource base, whether
“knowledge, money, power, prestige, (or) beneficial social connections” (Link and Phelan 2002:
730) on which individuals may draw. For example, the finding that infant mortality is higher among
teenage mothers has been attributed to a long history of exposure to social conditions deleterious to
health beginning when these young women were themselves children (Geronimus 1987; Geronimus
and Korenman 1993). And the higher mortality rate among infants born to unmarried women is
generally considered to be a reflection of inadequacy of social and economic resources and/or life-
style differences (Cramer 1987; Eberstein et al. 1990; Hummer et al. 1999).

Other somewhat more direct indicators of access to health care available in our data set are
maternal education and prenatal care. Infant mortality risk decreases as maternal education rises. In
addition to being an indicator of SES, maternal education may reflect knowledge of available
medical services and of strategies for circumventing obstacles to access (Cramer 1987; Hummer et
al. 1999). The long-held conclusion that adequate prenatal care (PNC) is of major benefit for the
prevention of low weight births, and therefore a key to reducing infant mortality (Institute of
Medicine 1988), has been challenged based on evidence that the apparent beneficial effect stems
primarily from selectivity bias (see Alexander and Kotelchuck [2001] for a useful discussion).
Regardless of its influence on birth weight, PNC is included in the present analysis because it
represents a “package” of health related services highly relevant to pregnant women (Alexander et
al. 1999; Shiono and Behrman 1995). Adequate PNC is one mechanism through which the woman
and medical personnel can become aware of existing maternal morbidities and/or problems in fetal
development well before the onset of labor. If receipt of PNC is an indication of degree of
integration into the formal system of health care, then this, in turn, may have important implications

for access to high quality medical care both before and after childbirth.
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Maternal health endowments have a powerful impact on pregnancy outcomes (Eberstein et
al. 1990; Frisbie et al. 1998; Kallan 1993; Moss and Carver 1998). Hence, previous pregnancy loss
and presence of maternal medical risks (such as hypertension, anemia, diabetes [both chronic and
pregnancy-related], eclampsia etc.) are included as covariates. The same is true of complications of
labor and delivery (Hummer et al. 1999), and we also control for this risk factor.

It has been established that smoking, particularly through its negative effect on birth weight,
heightens the risk of infant mortality (Chomitz et al. 1995; Frisbie et al. 1997; Kallan 1993).
Maternal weight gain is included as an indicator of adequacy of nutrition and because of its
demonstrated relationship to fetal development (Chomitz et al. 1995). Gestational age and birth
weight have long been considered the strongest proximate predictors of infant mortality and mediate
the influence of many other risk factors (Cramer 1987; Hummer et al. 1999; Kline et al. 1989;
McCormick 1985).

DATA AND METHOD
Data

A data set with a very large number of cases is required for the construction of multivariate
models from which reasonably stable estimates of the effects of risk factors on infant mortality risk,
in general, and on specific causes of death, in particular, can be derived. This essentially means
recourse must be made to vital statistics. The data employed are the NCHS linked birth/infant death
cohort files for the years 1989-1991 and 1995-1998, which include all infants born alive in the U.S.
during those years. The data set consists of millions of cases each year, and the match rate is
exceptional—as early as 1989, more than 97% of the records were successfully linked (U.S.
Department of Health and Human Services 1995).

We divided the records into births occurring in 1989-1991 and those occurring in 1995-1998.

(Note that no linked birth/infant death cohort files were produced by NCHS for 1992-1994.) The
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temporal subdivision we use corresponds generally to the time periods before and after the
widespread use of pulmonary surfactant therapy and the mounting of the back-to-sleep initiative. As
noted above, surfactant replacement did not receive FDA approval until August 1990, and the 1992
American Academy of Pediatricians’ recommendation that infants be put to sleep on their back gave
rise to the nationwide initiative of 1994. In the case of surfactant replacement, a “cleaner” cut-point
would likely result from selection of the two-year 1989-90 period to denote the “pre-surfactant” era
(Frisbie et al. 2004, in press), but this would have required deletion of the millions of births that
occurred in 1991 and would have been disadvantageous with respect to the analysis of SIDS or
congenital malformations. ® Recent research on changes in infant mortality by cause has, in fact,
used 1989-91 as the “before” interval (Muhuri et al. 2004). Furthermore, we estimated a large
number of models of the black-white change in risk of infant death from RDS based on the 1989-90
and 1995-98 period. Conclusions were the same as those reported in the present paper, though the
magnitude of the contrast in RDS mortality is dampened by including 1991 as part of the pre-
surfactant era.

The data analyzed are limited to live births weighing 500 grams or more at birth, which
occurred in the United States to women in the three race/ethnic groups. Infants weighing less than
500 grams at birth are excluded because of concern that many of these extremely low weight births
are either misclassified stillbirths or result from errors in the recording of birth weight.

Although studies of infant mortality are often limited to singleton births, our core data set
includes plural births, as well as singletons. Recent studies of RDS also include plural births
(Hamvas et al. 1996; Malloy and Freeman 2000), presumably because, while the number and
proportion of all births lost to the analysis when multiple births are excluded is small, this strategy

leaves out an important subset of short gestation and low weight births and a rather substantial

% We believe that, for research that deals specifically with RDS, 1989-90 comes closest to circumscribing the
pre-surfactant period.
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proportion of infant deaths. Moreover, the plural birth rate has notably increased over the past
decade (Blondel et al. 2002). Note that we also estimated a supplementary set of models that
included only singletons. Conclusions derived from the two sets of models were the same, with the
direction (and often the magnitude) of the coefficients being quite similar across the two data sets.
Hence, the results of the supplementary analysis are not shown, but are available upon request.

We also attempt to shed additional light on whether differential access to intervention or
differential need for intervention offers a more adequate explanation changes in race/ethnic
disparities over time. We do this by expanding the model to include other causes of infant death,
viz., SIDS and congenital anomalies. The utility of including SIDS inheres in the fact that, like
RDS, infant mortality from SIDS dropped dramatically between the early and late 1990s after a
specific innovation in perinatal care was introduced. The comparison is even more instructive
because the changes RDS rates are strongly associated with a “high-tech” innovation, viz., surfactant
replacement therapy, that must be administered by professionals in a clinical setting (Hamvas et al.
1996). By contrast, most of the decline in SIDS mortality is credited to the “low-tech” advance
represented by putting infants to sleep on their back (Gibson et al. 2000; Pollack and Frohna 2001,
2002), a procedure that is essentially cost-free and does not require paying for the services of a

trained professional, for medication, or other costs associated with a clinical setting.

Congenital malformations are a focus because this is the leading cause of infant death in the
U.S., and because declines in death from this cause can also be attributed largely to advances in
perinatal care, albeit of a more incremental nature. Improvements in prenatal care that can facilitate
earlier detection of congenital anomalies and medical advances that, under appropriate conditions,

allow fetal malformations to be treated prior to parturition are illustrations in point.

Importantly, comparing the risk of infant death for the Mexican origin population with the

risk for blacks provides analytical leverage with respect to the degree to which differential access to
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health care interventions is responsible for race/ethnic disparities. Inclusion of the Mexican origin
population will make for a stringent test of the conceptual model, because, as has been consistently
documented, the Mexican origin population, even compared to blacks, is characterized by lower
average levels of education, greater proportions of women lacking adequate prenatal care, and a
higher percentage without insurance of any kind to pay for delivery (Frisbie et al. 1997; Moss and
Carver 1998). Nevertheless, the risk of infant mortality among Mexican Americans is very similar to
that observed among non-Hispanic whites. Further, Mexican immigrant women (indeed immigrants
in general), are less apt to have health insurance and more likely to have restricted access to the
formal health care system than are their U.S.-born counterparts (Frisbie et al. 2001; LeClere et al.
1994; Thamer et al. 1997). Yet, mortality rates have been found to be lower among infants born to
Mexican immigrant women than are the rates for either white infants or for infants born to Mexican
American mothers. The debate continues over the extent to which such findings can be explained by
positive selection of migration or cultural factors. A third interpretation is that the immigrant

advantage is a data artifact attributable to return migration to Mexico.
Methods

We first document trends in race/ethnic disparity in cause-specific infant mortality using rate
ratios to describe relative change and difference scores to describe absolute changes in rates. Then,
we conduct a multivariate analysis of relative disparities through multinomial logistic regression,
with results presented as odds ratios. Because our data set consists of all vital events, the
conventional reason for use of tests of statistical significance, i.e., assessing the probability of error
in generalizing from a sample to a population, does not pertain. Hence, the greatest emphasis is
placed on the direction and magnitude of the coefficients estimated. Nonetheless, tests of
significance retain utility “in order to rule out the simple ‘chance processes’ alternative” (Blalock

1979: 242).
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As recommended by NCHS, cases are categorized according to maternal race/ethnicity. We
distinguish infants of mothers who non-Hispanic whites, non-Hispanic blacks, Mexican Americans,
and Mexican immigrants. Our analytic aims dictate that we distinguish Mexican origin infants born
to immigrant women from those born to their Mexican American counterparts, rather than simply
including nativity as a control variable. It is of course possible to subdivide NHW and NHB infants
into groups whose mothers are U.S.-born and those whose mothers are foreign-born, but the number
of foreign-born black mothers was rather small which would have made the stability of estimates of
some of our more elaborate regressions suspect. In future research, we intend to perform diagnostics
on models in which the infants of foreign-born black women, Island-born Puerto Rican women, etc.,
are distinguished in order to determine the number of risk factors whose effects can appropriately be
estimated.

Race/ethnic variation in specific causes of infant death will be analyzed by regressing a five-
category outcome: categories of infant death from each of the three leading causes discussed above,
an “other cause” residual, and survivors (the referent) on relevant predictor variables. In each case, a
series of models will progressively adjust for sets of risk factors. For the most part, after examining
the bivariate relationship, we will progressively add blocks of control variables. As already alluded
to above, various alternative models are estimated including models for (1) all infants born above
500 grams, (2) LBW infants, (3) singleton births, and various combinations of these—none of which

led to differences in the general conclusions

We also conducted separate regressions for relevant time periods and regressions in which
time period is a covariate. These two approaches use the same information, and general conclusions
from each should be very similar, if not identical. Still, pooling the data with time period as a
covariate allows examination of the magnitude and significance of a race x time period interaction

term.
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Problems encountered in research on infant mortality that relies on clinical data are small
sample size (and thus instability of estimates) and limited generalizability. Conversely, a problem
for all research, including the present analysis, based on currently available national data sets of
sufficient size to allow modeling the effects of a large number of factors on the individual risk of
infant mortality is lack of information either on whether surfactant therapy was administered, ’ on
infant sleep position, or on whether antenatal interventions were attempted in the case of congenital
anomalies. Thus, a direct test of the differential impact of various innovations in perinatal care and
technology cannot be conducted for the nation as whole. However, the linked NCHS files permit a
reasonable “before and after” indirect test in that data (collected and coded with consistent protocols)
exist on either side of the dates at which surfactant therapy (late 1990) and the back-to-sleep
program (1992-94) began nationwide. This allows a “natural experiment” by observing changes in
the black-white infant mortality differentials on either side of these perinatal care thresholds periods.
Thus, while no definitive conclusions can be reached, we can at least determine whether the results
are consistent with the proposition (Gortmaker and Wise 1997; Wise 2003) that technological
innovations in health care are associated with greater racial disparities in infant mortality because of
persistent social inequality.

Our analysis is primarily motivated by a desire to respond to the recent call for an expanded
research agenda focused on the growth of racial disparity in the face of absolute declines in infant
mortality rates (Malloy and Freeman 2000; Wise 2003). However, for reasons delineated earlier,

we also model the absolute change in infant mortality due to the several causes of death on a year-to-

year basis. Except for our own recent work, we found no multivariate models of absolute change in

nationwide race/ethnic differentials in infant mortality in the literature that would allow a direct

7 An item inquiring as to the use of pulmonary surfactant therapy was added to U.S. birth certificates
beginning in 2002. Given the time interval typically required for all (or most) states to adopt new items and
the time-lag between the year in which records are reported and NCHS release of data for analysis, it seems
unlikely to expect the 2002 linked cohort files to become available before 2006.
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comparison with change in individual relative risk. The approach to modeling absolute change that

comes most immediately to mind involves regressing mortality rates obtained for counties, cities, or
other geographic units on aggregate characteristics of the spatial unit selected. Aggregate studies of
this sort are of interest and proven utility, and a number are cited herein. But to generalize findings
from such research to relationships at the individual level would be to engage in an obvious
“ecological fallacy.”

As an alternative to an ecological analysis (i.e., regressing rates on characteristics of some
geographic aggregate), we investigated absolute change in the several causes of infant death over
time by pooling over the individual data for the time periods 1989-91 and 1995-98, while including
dummy variables for each of the seven years, along with other covariates from the earlier analysis,
and then fitting two multinomial logistic regression models to each of the race groups. The constant
term is excluded to yield the cause-specific baseline log odds for each year, which can then be
interpreted as a set of constant terms. In the model without controls, the exponentiated logits
corresponding to year provide close approximations of the observed annual mortality rates (For a full
discussion, see Frisbie et al. 2044, in press). Two dimensions of absolute change in infant mortality
were examined: reductions within race/ethnic groups over time and differences in reductions (i.e.,
second differences) over time. We report only the latter because of space limitations, and more
importantly, because second differences indicate whether the absolute decline among NHWs was
greater than the absolute decline for minority groups.

DESCRIPTIVE RESULTS
Documenting Changes Over Time

The race/ethnic trends in IMRs per 1000 live births for all thee specific causes of death,

and the “other causes” residual are shown in Table 1A for infants born at all weights between 1989-

91
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and 1995-98. The analogous information for low weight births is shown in Table 1B separately for
low weight births.

Looking first at the overall IMRs by race/ethnicity for infants born at all weights (Table 1A),
we find that the rank orderings are consistent at both time periods with all previous research. That
is, black rates are much higher than rates for the other three groups. However, consonant with vital
statistics publications, infant mortality rates fell over time for all groups and all causes shown in
Table 1A. As the literature on perinatal care interventions would lead us to expect, the declines in
infant death from SIDS and RDS were rather dramatic. The IMRs for NHW and Mexican origin
infants are relatively similar, and as is typically observed, a survival advantage is associated with
infants of Mexican immigrant mothers. The rate ratios (cause-specific IMRs for minority groups
divided by the corresponding NHW rate—see final panels of Table 1A) show just how great the
black disparity is in relative terms. With the exception of congenital anomalies, non-Hispanic black
infant mortality rates are typically at least twice as high as those for the non-Hispanic whites. By
contrast, Mexican American infant rates are only slightly higher, and rates for infants of Mexican
immigrants are typically lower, than the NHW rates. The rate of SIDS deaths for immigrants is only
half the NHW rate; but, in sharp contrast, the rate for congenital anomalies, like that for NHBs, has a
rate ratio greater than one.

--Table 1A about here--

In regard to change in rates, the black relative disparity increased for each of the three
specific causes of death between 1989-91 and 1995-98. It is worth noting that the overall black-
white disparity declined from a ratio of 2.09 to a ratio of 2.01 (Table 1A). While some improvement
is better than none, the overall rate is still double than for NHWs. ® Although the disparity is much

less pronounced, infants born to Mexican American mothers also recorded higher rate ratios for

¥ It is also worth noting that when blacks are compared to all whites (including those of Hispanic
origin), the black-white ratio increased between the early and late 1990s.
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congenital malformations and RDS. For infants of Mexican immigrants, their relative advantage
increased over time; the only exception is in regard to their higher IMR from congenital anomalies
where the rate ratio remained unchanged at 1.13.

It is not surprising that the IMRs for LBW infants are much higher than the rates for all
births. What may be surprising is that for every cause of death, as well as all causes combined, the
percent improvement in survival was greater for whites than for blacks (Table 1B, Panel 3) The
contrast is particularly stark in the case of congenital anomalies where the NHW rate of decline was
23.5% as compared to the NHB decline of only 1.65%. Nevertheless, reinforcing the point that
genetic factors have little impact is the fact that the black IMR for congenital anomalies remains less
than the white IMR from that cause. Note further that among these high-risk infants, black-white
rate ratios for both SIDS and RDS increased between 1989-91 and 1995-98; for SIDS, the black-
white ratio changed from 1.41 to 1.64, while for RDS the change was from near parity (1.01) to a
rate ratio of 1.28.°

--Table 1B about here--

Comparing the NHW white population with the Mexican origin population, we again see
that, unlike the case for all births, LBW infants born to Mexiccan immigrants had a higher overall
IMR in 1989-91, compared to either NHW infants or infants born to their Mexican American
counterparts. However, by 1995-98, the overall IMR was lower among immigrants than for any
group except NHWs. One of the most notable findings from Table 1B is that what was a LBW
Mexican American survival advantage relative to their high-risk NHW counterparts in 1989-91 had
become a survival disadvantage in regard to both congenital anomalies and RDS—thereby
paralleling the findings for NHBs. The opposite occurred in regard to the rate of death from SIDS

(rate-ratios = 1.17 and 0.92 in the earlier later time periods respectively). The rate ratio comparing

? If 1989-90 is taken as the pre-surfactant period, there is a reversal from a black RDS survival advantage to a
black disadvantage.
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infants of Mexican immigrants to NHW infants showed very little change overall between 1989-91
and 1995-98, but this “non-change” was the result of a rising rate ratio associated with congenital
anomalies and a declining rate ratio for SIDS (last panel of Table 1B).
Risk Factor Distributions

The distribution of risk factors by race/ethnicity appears in Table 2. The distributions are
consistent with all prior comparisons, including the finding that births to Mexican immigrants make
up over 60% of all Mexican origin births. Thus, we highlight only those differentials that present the
sharpest contrasts. Mexican Americans and NHBs are more likely to give birth as young (< 18)
teenagers—though the percentage of teen births declined a bit for blacks and rose a bit for Mexican
American women between 1989-91 and 1995-98. Well over 90% of NHW and Mexican immigrant
mothers are over 18 years of age—a similarity that likely reflects marital preferences for the former
group and selectivity of migration for the latter. About 80 % of NHW mothers are married, as
compared to roughly 3/ 5™ of Mexican origin women, and 1/3 of NHB women. However, the percent
married among Mexican America mothers had dipped to 54.6 % by 1995-98. The Mexican origin
population is especially disadvantaged with regard to education. About 40% of Mexican American
mothers and roughly 70% of Mexican immigrant mothers had less than a high school education at
both time periods. Mexican immigrant women are the most likely to have received inadequate
prenatal care—though their situation in this regard improved substantially over time. The proportion
with adequate PNC is highest for NHWs, followed by Mexican Americans, NHBs, and Mexican
immigrants in descending order. It warrants mention that both groups of Mexican origin women are
least likely to present with medical risks or labor/delivery complications. NHW women are the most
apt to smoke, while smoking is low for Mexican American women, and close to nonexistent for
Mexican immigrant women. Blacks, of course, have much higher rates of low weight and preterm

births. Note, however, that these data are consistent with previous studies (Demissie et al. 2001;

27



Frisbie and Song 2003) that show small decline in rates of adverse birth outcomes among blacks,
and small increases for most other race/ethnic groups.
--Table 2 about here--

RESULTS FROM REGRESSION MODELS

We begin the discussion of multivariate results with comparisons of infants born at all
weights and then compare these results with those obtained among LBW infants. We are interested
primarily in estimating, on a nationwide level, race/ethnic differentials and changes in differentials
by specific cause of infant death. Specifically, we want to draw regarding the reasons for changes in
race/ethnic differentials in risk of infant death that followed the rather dramatic innovations in
perinatal care that emerged in the early- to mid-1990s. The effects of risk factors used as controls
are quite similar to those estimated by previous research and inasmuch as these effects are consistent
as to direction over time. Thus, any discussion or tabular presentation of these relationships would
be largely redundant, and therefore we present odds ratios only for the effects of race/ethnicity, time
period, and the race/ethnicity x time period interaction. However, we do show how the risk of infant
death varies by these core variables as different blocks of risk factors are simultaneously controlled.
(Estimates for all risk factor effects are available upon request.)
Multivariate Results: Comparison by Time Period

Table 3 consists of two panels—the first showing the relationships of interest for the 1989-91
time period and the second for the 1995-98 time period. Model 1 for 1989-91 presents the simple
bivariate relationships which show that the risk of NHB infant mortality is 2 to almost 3 times higher
than the NHW risk for all causes (relative to survival), except for congenital anomalies where the
odds ratio (OR) is only 1.152. The bivariate risk for infants of Mexican American mothers is
statistically identical to, or slightly greater than, the NHW risk for all causes. By contrast, infants of

Mexican immigrants have a significant survival advantage for all causes, except congenital
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malformations (OR = 1.13—very similar to the value for NHB infants). Model 2 adds controls for
basic demographic variables, as well as for maternal education and prenatal care. (See the stubs of
the Table for the list of controls.) In every case, the odds of infant mortality for the three minority

groups are substantially reduced (compared to NHW infants), and the two Mexican origin groups

show survival advantages for every specific cause in 1989-91. Model 3 adds controls for biomedical

and behavioral risks, but adjustment for these latter risk factors has little effect. The story is quite
different for NHB when birth weight and gestational age are controlled in Model 4. In fact, NHB
infants have a survival advantage vis a vis NHW infants in regard to both congenital anomalies and
RDS (OR =0.627 and OR = 0.820). The NHB odds for SIDS are only slightly higher (OR =
1.048), but the difference is significant, and the black disparity for all other causes is also much
reduced). Net of controls for birth outcomes, the risk for both of the Mexican origin populations
increases slightly, but except for the odds ratio associated with congenital anomalies among infants
of immigrants, the Mexican origin population has a large to moderate survival advantage during this
early time period.

In 1995-98 (Panel 2 of Table 3), the bivariate model demonstrates that the NHB odds of
infant mortality are higher than the odds estimated for the 1989-91 period. The odds for infants of
Mexican origin are identical in direction and show only modest changes in magnitude when the risks
for the later time period are compared with those for the earlier period. Note, however, that the odds
of infant death from congenital anomalies are significantly greater for each of minorities in Model 1.
Controlling for demographic and access-to-care variables (education and prenatal care) has the same
sort of effect in the 1995-98 data as in the 1989-91 data. The disparity separating NHW and NHB is

diminished, and in every comparison, the Mexican origin infants have a survival advantage—an

advantage that is most pronounced for the immigrant population. Estimates based on Model 3 again

are generally not greatly different. Controlling birth weight and gestational age in 1995-98 results in
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a diminution of the NHB disparity. In fact, the odds ratio for congenital anomalies is reduced to
0.627. Little change occurs in the estimates for the Mexican origin population, but note that,
following adjustment for birth weight and gestational age, the risk of death from congenital
anomalies becomes statistically identical to the NHW risk.

--Table 3 about here--

The most striking difference observed in the full model (Model 4) in Panel 2 of Table 3
where the survival advantage for NHBs in regard to congenital anomalies is slightly eroded, while
the NHB black survival advantage in risk of RDS death seen in 1989-91 (OR = 0.820, p <0.01) is
wiped out in the later time period (OR = 1.036, ns), thereby confirming the reversal observed by
Hamvas et al. (1996) using clinical data. Further, the NHB odds of death from SIDS and all other
causes are slightly to modestly higher in the period after the introduction of innovations in perinatal
care and technology.

Table 4 presents the odds ratios for low weight births. Findings are similar in a broad sense
to those shown for births at all weights, but several differences warrant mention. First, in every

single comparison across models and in both time periods, the odds of NHB infant death among low

weight infants (Table 4) are lower than the corresponding odds for infants born at all weights (Table
3). '° This finding is consistent with, but of course does not prove, the proposition that LBW black
infants mature at lower weights and shorter gestations than do their white counterparts. However,
exactly the same pattern holds for infants born to Mexican immigrants. Since there have been no
studies that examine the possibility of more rapid fetal maturity among babies of immigrants, the
potential for some alternative explanation must be considered. No consistent pattern is seen in the

comparison between 1989-91 and 1995-98 odds ratios for the Mexican American population. It

1% Comparisons can be made only with the first three models of Tables 3 and 4 inasmuch as birth weight and
gestational age are not controlled in the population of LBW infants.
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does not seem likely to us that that fetal maturation could be greatly different for Mexican
Americans as compared to Mexican immigrants, however.

--Table 4 about here--
Multivariate Results: Time Period as a Covariate

Table 5 includes time period as a covariate for infants born at all weights; Table 6 presents
the analogous estimates for LBW infants.

The most notable finding from Table 5 is that odds of infant morality among infants born at
all weights are significantly lower in 1995-98 than in 1989-91. This finding is unsurprising given
the widely documented decline in infant mortality overall, and for most specific causes) over the past
several decades. Note also that, as would be expected from the comparisons of estimates for 1989-91
and 1995-98 in Table 3, the control for time period in Table 5 results in a significantly lower risk of
RDS for NHB infants, and the NHB disadvantage associated with SIDS becomes non-significant in
Table 5. However, the race/ethnicity x time period interaction, the full model (Model 4 of Table 5)
shows an offset to the main effects such that it was substantially more risky to be black in 1995-98,
as compared to 1989-91, for the three specific causes of death: 14% greater risk in the case of
congenital anomalies, 21% greater risk from SIDS, and 28% greater risk from RDS. The interaction
offset was similar for infants of Mexican American mothers, with the exception of SIDS. In regard
to congenital malformations and RDS, the risks associated with being an infant of a Mexican
American mother were 17% greater and 22% greater in the period after the nationwide introduction
of advances in perinatal care. The risk was also slightly greater for all other causes for this
population. The story is different for infants born to Mexican immigrant women. In this case, there

is a reinforcement of decline in risk for all causes, save for congenital anomalies, and here the

interaction effect (OR = 1.013) is statistically nonexistent.

--Table 5 about here--
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Table 6 presents the analogous estimates for low weight births (except, of course, birth
weight and gestational age are not among the controls). For LBW infants, the patterns are very
similar to those observed for all infants in Table 5. Infant mortality from each cause is reduced in
1995-98 as compared to 1989-91. Controlling for time period results in a significant survival
advantage among NHBs, rather a survival disadvantage as seen in Panel 2 of Table 4. Just as in
Table 5, however, the race/ethnicity x time period interaction among LBW infants shows that it was
riskier to be a NHB infant in 1995-98 than in the earlier time period—again offsetting to some
degree the advantageous main effect observed among NHB infants. Table 6 also reveals the same
sort of offset among infants of Mexican American mothers. Just as in Table 5, the offset occurs
among LBW infants in Table 6 for congenital malformations and all other causes. The interaction
terms for SIDS and RDS are not statistically significant. Finally, the estimates for infants of
Mexican immigrants are identical in pattern for LBW infants as compared to those for infants born at
all weights. There is an additional decline in risk associated with the interaction term in the case of
SIDS and all other causes, while the other two interaction terms (congenital anomalies and RDS) are
not significant.

Models of Absolute Change in Infant Mortality

Two dimensions of absolute change in infant mortality by race were examined: reductions
over time and differences in reductions (i.e., second differences) over time. Only the results of
estimates of absolute second differences for low birth weight infants are presented in tabular form
because of space limitations, and because it is for this population that the greatest departures from
the wide-spread view that declines in infant mortality rates are greater for minority (most notably
black) infants occur. However, results from both bivariate and full models are shown. Note that

negative signs indicate that the decline in infant mortality was greater for non-Hispanic white infants

than for the minority group with which the comparisons are drawn. Note also that second
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differences compare the change in approximated rates for each minority with the change for the
NHW majority population.
When the relationships of interest are modeled for the LBW infants (Table 7), we see that, in

the bivariate models for both congenital anomalies and RDS, mortality declines, in every instance,

reflect an advantage for NHW infants over NHB infants (as indicated by the negative signs), and
that all relationships are statistically significant. Thus, the trend in among LBW infants seen in the
raw rates (Table 1B) is also reflected in Table 7. The black-white changes in approximated rates
(bivariate model) are mixed in the case of SIDS, but none of the second differences is significant.
NHB infants did experience greater reductions in rates than did NHW infants in the residual
category—i.e., all other causes, and from 1995 onward, these declines in disparity are significant in
the bivariate model. Notably, in changes in rates for congenital anomalies, even with full controls,
NHB infants lost ground relative to their NHW counterparts, and the widening disparity was
significant from 1995 onward. The same is generally true of the narrowing of the NHB-NHW
disparity with respect to all other causes. None of the approximations of changes for SIDS and
RDS are significant in the full model for blacks and whites.

The second-differences show a heretofore unrecognized rising level of disadvantage for
infants of Mexican American women as compared to NHW infants. For every cause of death, and
for nearly every year-to-year comparison, the rate of decline for NHW infants was greater than the
decline for Mexican American infants. Only a few of the change differences are significant, but
recall that we are working with the entire population, not a sample.

The only major differences in changes in infant mortality rates for infants of Mexican
immigrants occur in approximated rates for SIDS and RDS. The bivariate model shows that
improvements in SIDS survivorship were consistently larger for the NHW population than for the

Mexican immigrant population. The reverse is true for RDS. Again, only a few of the comparisons
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reach conventional levels of significance in the bivariate model, and no significant effects are seen in
the full model. However, for all the comparisons drawn, it is well to remember that the bivariate
relationships show what exists in reality, while models with controls indicate what the difference
would be if compositional equality existed in regard to control variables.

CONCLUSIONS

In regard to our first (descriptive) aim, we found considerable change in cause-specific rates
of infant death in the wake of notable advances in perinatal care and technology that occurred in the
early- to mid-1990s. Indeed, for all three specific causes of death (congenital anomalies, SIDS, and
RDS), the relative disparity (rate ratios) between NHB and NHW rates increased between 1989-91
and 1995-98. The widening of the NHB/NHW gap was even greater when only LBW infants were
considered (Table 1B). !

It was not unexpected that the IMRs for infants of Mexican American mothers would be
modestly higher than the rates for NHW infants. However, we did not necessarily expect that the
disparity would widen, but that, in fact, was the trend. The cause-specific rates for the Mexican
American population taken as ratios to the NHW population increased for congenital anomalies and
RDS, regardless of whether the comparison is for all births or for low weight births only. One bright
spot was that the Mexican American survival disadvantage for SIDS among LBW infants observed
in 1989-91 (rate ratio = 1.17) was actually reversed by 1995-98. That is, infants born to Mexican
American women were slightly less likely to die of SIDS than were NHW infants (rate-ratio = .92)
in the later time period.

By contrast, the rate changes were more favorable for infants of Mexican immigrant mothers
than for infants of NHW mothers in virtually every comparison, including those for causes of death

where the immigrant group already held a sizeable advantage. For example, infants of Mexican

""" Among LBW infants, the infant mortality rate for congenital anomalies is lower for NHB infants than for
NHW infants. However, the NHB advantage eroded to some degree between 1989-91 and 1995-98.
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immigrants were only about half as apt to die of SIDS as NHW infants in 1989-91 (rate ratio about
0.5 in both Tables 1A and 1B). By 1995-98, the rate ratios had declined to approximately 0.4.
Essentially, the only mortality disadvantage for immigrant infants was in regard to congenital
anomalies—especially those born at low weights.

One primary analytic aim was to determine the extent to which race/ethnic differentials in
cause-specific infant mortality could be explained by the sort of “fundamental social causes”
described by Link and Phelan (1995, 1996, 2002). Here the conclusion is quite clear. Controlling for
sociodemographic, SES, biomedical, and behavioral risk factors leads, in almost every instance, not
only to a diminution of the NHW-minority group disparity that usually (but not always) is found in
the bivariate relationships, but also to an actual reversal to a minority group survival advantage. Of
course, infants of Mexican immigrants tend to have lower infant mortality to begin with, and then,
with controls added, tend maintain or strengthen the survival advantage. In any case, we can safely
conclude that social inequality accounts for a large portion of the large disparities in risk of infant
death between the NHB and NHW populations and for the modest disadvantage we often observed
among infants of Mexican American mothers.

Another analytic objective was two-pronged—(a) to determine to what extent minority
populations became more disadvantaged with respect to infant mortality after great strides were
made in perinatal care and technology and (b) to shed at least a little light on the issue of whether
increasing disparities between the majority and minority populations can be more appropriately
attributed to differential access to intervention or to differential need for intervention. The answer to
question (a) is fairly straightforward. For specific causes of infant death regarding which one or

more notable perinatal care advances occurred (and based on the fully adjusted regression models),

the NHW population was more likely to enjoy greater benefits from the new (or improved)

interventions than was the case for infants of NHB or Mexican American women. The conclusions
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reached based on Tables 3 and 4 were reconfirmed by the finding that the race/ethnicity x time
period interaction term typically had a deleterious effect for minority groups. That is, it was
relatively more risk to be a NHB or Mexican American infant in 1995-98 than it was in the “pre-
innovation” period. Surprisingly, the exact reverse was true of the change in risk over time for
babies of Mexican immigrants. In almost every comparison on Tables 3 and 4, the risk for the
Mexican immigrant population compared to NHW population reflected an overtime increase in what
was already a Mexican immigrant advantage. The one exception is the slightly greater risk of infant
mortality due to congenital anomalies, and for this condition, the NHW advantage was narrowed.
Can the deleterious changes that occurred among NHB and Mexican American infants
between 1989-91 and 1995-98, compared to NHW infants, be more reasonably attributed to
differential access to health care interventions or to differentials in the need for intervention?
Although Mexican American women of childbearing age exhibit some behavioral and health
endowment advantages (such as a lower prevalence of previous pregnancy loss and of medical
complications) in regard to the variables that theoretically at least should be most strongly associated
with obstacles to accessing health care (e.g., years of completed education and adequacy of prenatal
care), all of the minority groups are highly disadvantaged. The main finding supporting the
differential need for intervention explanation is that the risk of infant mortality among LBW
minority infants is usually lower than the risk for infants born at all weights (above 500 grams).
This finding is consistent with the conclusion reached by several scholars that LBW black infants
mature at lower weights and shorter gestations than do LBW white infants (Kline et al. 1989; Wilcox
and Russell 1986, 1990; Hamvas et al 1986). However, the only analysis we were able to find that
bears on the issue among Mexican Americans (Overpeck et al. 1999) found some evidence that the
birth weight for gestational age was slightly higher for infants of U.S.-born Mexican American

women than was the case among NHW infants. However, these authors conclude that “the ability to
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recognize (either) fetal growth retardation or excessive growth is questionable” in comparing these

two groups (Overpeck et al. 1999: 943).

The picture becomes even more complex when the issue of changes in infant mortality risk
for infants of Mexican immigrants is considered. If there is any group where obstacles to medical
intervention can be expected to be large and numerous, it is this group. Mexican immigrant women
have much lower levels of education, are much more apt to have inadequate prenatal care (though
access to PNC seems to be improving somewhat), and, as other research has shown are much less
likely to have medical insurance of any kind to help pay for delivery (Frisbie et al. 2001; LeClere et
al. 1994; Thamer et al. 1997). Thus, the findings for Mexican immigrants undermines the
differential need for intervention explanation—unless one is inclined to believe that migration is so
highly and positively selective on health that this more than overrides obstacles to perinatal care

acCcCess.

Finally, our analysis of absolute change (via logit approximated rates) leads to a mixed
conclusion. At least among high-risk (LBW) infants born to NHB or Mexican American women,
the absolute minority disadvantage in infant survival changes is widening in the case of congenital
anomalies and RDS. However, in regard to SIDS and all other causes, the majority-minority gap is

either closing or at least not significantly widening.

Why the difference in patterns across the specific causes of infant death? We suspect that the
explanation is most likely to be found in the differential access to intervention hypothesis. For
congenital anomalies and RDS, preventive and curative interventions are administered by health
professional in a clinical setting—often in a Neonatal Intensive Care Unit (NICU). Such
interventions are achieved only at considerable monetary cost—costs which many minority members

may not be able to bear due to lack of money or medical insurance or both. By contrast, major
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reductions in SIDS mortality have occurred by the cost-free innovation of placing infants to sleep on

their backs.

All things considered (including the advantaged position of infants of Mexican immigrants—
which is no doubt partly, if not largely, due to selectivity of migration), we believe our results lead to
the conclusion that social inequality explains a very large proportion of race/ethnic differentials in
infant mortality. We also believe that our findings make a stronger case for the differential access to
intervention explanation for the increase in the infant mortality disadvantage among minorities that

occurred in the wake of major advances in perinatal care and technology.
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Table 2. Percent Distributions on Risk Factors of Infant Mortality by Race/Ethnicity
: United States, 1989-1991, and 1995-1998

1989-1991 1995-1998

Risk Factors NHW NHB MX-US MX-IM. NHW NHB MX-US MX-IM.
Place of Birth

u.s. 95.92 93.49 37.38 95.26 91.20 39.17

Other 4.08 6.51 62.62 4.74 8.80 60.83
Maternal Age

Under 18 5.79 16.32 16.77 8.52 5.88 15.82 19.18 7.65

18 or Older 94.21 83.68 83.23 91.48 94.12 84.18 80.82 92.35
Marital Status

Unwed 16.72 66.73 35.43 33.71 21.23 69.25 45.39 33.77

Married 83.28 33.27 64.57 66.29 78.77 30.75 54.61 66.23
Parity

First Birth 42.47 37.53 38.68 35.66 4211 39.04 42.19 33.96

Low 46.38 38.25 38.82 39.85 46.81 38.38 38.23 44.20

High 11.15 24.22 22.50 24.49 11.08 22.58 19.58 21.84
Sex

Male 51.31 50.72 51.01 50.97 51.27 50.74 51.00 50.91

Female 48.69 49.28 48.99 49.03 48.73 49.26 49.00 49.09
Education

<12 years 15.01 29.84 40.92 73.57 12.86 27.48 37.70 68.94

12 years 39.33 43.20 39.67 17.96 33.13 39.25 38.09 21.25

13+ years 45.66 26.96 19.41 8.47 54.01 33.27 24.21 9.81
Previous Loss

Yes 24.94 26.63 18.67 13.29 26.33 28.81 18.56 14.16

No 75.06 73.37 81.33 86.71 73.67 71.19 81.44 85.84
Plurality

Single 97.67 97.37 98.19 98.27 97.05 97.06 98.08 98.20

Plural 2.33 2.63 1.81 1.73 2.95 2.94 1.92 1.80
Medical Risks

Yes 20.48 2417 18.61 12.80 27.00 30.71 21.45 17.61

No 79.52 75.83 81.39 87.20 73.00 69.29 78.55 82.39
Labor/Delivery Comp.

Yes 32.05 33.57 27.15 23.41 33.97 34.69 25.17 25.49

No 67.95 66.43 72.85 76.59 66.03 65.31 74.83 74.51
Prenatal Care

Inadequate 10.81 29.45 25.98 37.80 7.83 20.42 16.84 22.80

Intermediate 15.10 14.91 16.62 20.66 13.75 13.63 14.47 17.33

Adequate 48.14 30.24 35.17 27.30 47.53 34.86 39.24 36.54

Adequate Plus 25.95 25.40 22.23 14.24 30.89 31.09 29.45 23.33
Smoking

Yes 17.16 12.91 4.67 0.79 13.97 8.78 3.32 0.54

No 64.90 70.17 53.10 31.86 70.30 80.70 56.69 50.64

Missing 17.94 16.92 42.23 67.35 15.73 10.52 39.99 48.82
Weight Gain

<15 Ibs 4.84 9.29 4.42 2.67 6.55 11.25 5.54 5.13

15-40 Ibs 64.62 57.28 37.26 20.18 65.02 59.75 39.54 31.92

40+ Ibs 13.51 11.39 7.80 2.73 16.61 14.92 9.60 4.62

Missing 17.03 22.04 50.52 74.41 11.81 14.08 45.32 58.33
Gestational Age

Preterm (<37 weeks) 8.25 18.21 10.98 9.79 9.45 16.90 11.33 9.98

Term (= 37 weeks) 91.75 81.79 89.02 90.21 90.55 83.10 88.67 90.02
Birth Weight

Low (<2500 grams) 5.38 12.70 5.99 478 6.11 12.42 6.45 5.16

Normal (22500 grams) 94.62 87.30 94.01 95.22 93.89 87.58 93.55 94.84
N 6813486 1669571 360703 604275 9011429 2112566 701901 1090057

SOURCE: See Table 1.
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