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INTRODUCTION

The popular and scientific press are replete with articles that eagerly herald
great breakthroughs in public health, medicine, and biology that will arise from
our expanding knowledge in genomics, bioinformatics, and biomedicine. The
coming description of the human genome married with rapid advances in bio-
technology is thought by many to presage an era in which many of the major
sources of disease and disabilities in world populations will be prevented, de-
layed, or cured. Without a doubt, the increased knowledge of the molecular ba-
sis of the pathobiology of disease portends tremendous advances in our under-
standing and treatment of disease. However, the premise of this paper is that
these advances, in and of themselves, will not be able to accomplish these goals.
Instead, we argue for a public health-based approach that incorporates knowl-
edge across a multitude of levels, ranging from the pathobiology of disease to
the social and economic policies that result in differential patterns of exposure of
individuals and populations to risk factors and pathogenic environments. Central
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FIGURE 1 Geographic distribution of female life expectancy at birth by county and
county clusters, United States, 1990.

to such a focus is an important role for economic, behavioral, and social factors,
whether manifested at the individual or population level. For it is to these factors
that we will largely have to look to develop a complete explanation of core epi-
demiologic observations concerning group and geographic differentials in the
prevalence and incidence of disease and time trends in disease. In what follows
we will review selected information on variations in life expectancy and the
occurrence of a number of major public health problems and discuss how such a
multilevel approach provides critical perspectives on the causes of these varia-
tions and on opportunities to reduce them.

Life Expectancy and Death Rates from All Causes

Overall life expectancy at birth reached 76.5 years in the United States in
1997, with almost steady increases since 1950 (NCHS, 1999). Since 1980, life
expectancy at birth increased by 5.1% for males to 73.6 years, and by 2.6% for
females to 79.4 years, and life expectancy at age 65 increased by 12.8% to 80.9
years, and by 4.9% to 84.2 years, for males and females, respectively. Despite
these increases the United States still compares poorly to many countries—
ranking twenty-fifth for males and nineteenth for females on a list of 36
countries compiled by the National Center for Health Statistics (NCHS, 1999).
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Within the United States there is considerable variation in life expectancy.
For example, Figure 1 presents variations in female life expectancy at birth for
counties and county clusters in the United States in 1990 (Murray et al., 1998).
Life expectancy at birth differs between areas by as much as 16.5 years for
males and 13.3 years for females. In these analyses, the largest difference in life
expectancy is between American Indian or Alaskan Native males in the cluster
of Bennett, Jackson, Mellette, Shannon, Todd, and Washabaugh counties in
South Dakota (56.5 years) and Asian Pacific Islander females in Bergen County
in New Jersey (97.7 years). As Murray et al. (1998, p. 9) point out, this 41-year
range in life expectancy within the United States is *. . . equal to 90 percent of
the global range from the population with the lowest life expectancy, males in
Sierra Leone, to the population with the highest, females in Japan.”

There also is substantial geographic variation in life expectancy at birth within
race/ethnicity and sex subgroups. For example, while American Indian and Alas-
kan Native males have a life expectancy of 56.5 in the six-county area in South
Dakota previously mentioned, this group has a life expectancy of 92.3 years in Los
Angeles County. Life expectancy for white males and females also varies consid-
erably by county—with ranges of 9.9 years and 7.6 years, respectively.

As might be expected from trends and differences in life expectancy, con-
sideration of age-adjusted mortality rates from all causes also indicates substan-
tial variation by gender, race/ethnicity, and time. Figure 2 (Hoyert et al., 1999)
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FIGURE 2 Age-adjusted, all cause mortality rates by sex, United States, 1940-
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FIGURE 3 Life expectancy at age 45 by family income, race, and sex, United
States, 1979-1989.

shows the decline in age-adjusted mortality rates from all causes for males and
females between 1940 and 1997. During this period, rates declined by 50% for
males and 60% for females. However, these declines were not experienced
equally by all groups. For example, during the period from 1950 to 1997, age-
adjusted mortality rates from all causes declined by 40.4% for white males,
33.6% for black males, 44.5% for white females, and 50.7% for black females.
Thus, during this period, mortality differentials between white and black males
increased, while for females they decreased. Detailed information for other race
and ethnicity groups is not available for this period.

There is considerable variation between states in overall mortality rates. For
example, in 1997, the state with the lowest age-adjusted (1990 standard) mortal-
. ity rate was Hawaii (572.5 per 100,000 population), and the highest rate (exclu-
sive of the District of Columbia) was found in West Virginia (865.1 per
100,000). This level of geographic variation in age-adjusted mortality, a differ-
ence of almost 300 deaths per 100,000 population, is very significant given that
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FIGURE 4 Age-Adjusted death rates among adults, age 25-65, by cause of death, sex
" and education, United States, 1995.

it is 40% of the overall rate for the United States (742.7 deaths per 100,000
population using the 1990 U.S. standard population). '

Socioeconomic variations in mortality have been widely noted (Kaplan et
al,, 1987). For most diseases and health status indicators and for most measures
of socioeconomic position there is an inverse relationship (Haan et al., 1987).
Figure 3 shows the relationship between family income and life expectancy
(1979-1989) at age 45 for white and black men and women (all ethnicities) in
the United States (NCHS, 1998). The gradient between socioeconomic position
and death rates is clearly seen for broad classes of causes of death, as shown in
Figure 4 (NCHS, 1998).

The strong effects of socioeconomic position on mortality, coupled with
substantial heterogeneity by race/ethnicity and geographic place in mortality
Tates and strong secular trends can lead to phenomena of major public health
significance. In analyses of 1984-1993 trends in coronary heart disease (CHD)
mortality in North Carolina, Barnett et al. (1999) found that declines in mortality
Were experienced by white men of all social classes, with the greatest benefit
among those in the highest social class, while only the highest social class of
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black men showed any decline at all. For example, black men in social classes
II1 and IV (e.g., occupations such as mechanic, butcher, janitor, welder, truck
driver, laborer, animal caretaker) had average annual changes in Coronary Heart
Disease (CHD) mortality of +0.8% and 0.0%, respectively, whereas white men
in the same social classes had average annual changes of -2.1% and -6%. Over
the 10-year period, black men in the lowest social class experienced an 8.0%
increase in CHD mortality, and white men in the same social class experienced
a 16% decline.

UNDERSTANDING VARIATIONS IN HEALTH

These large variations in life expectancy and mortality, and similar varia-
tions in other health outcomes, present fundamental challenges to our under-
standing of the determinants of health in individuals and populations and of how
we can reduce the burdens of disease and disability. We propose that there is no
single or simple explanation for such heterogeneity, and that it is highly unlikely
that the triad of genomics, bioinformatics, and biomedicine, with their focus on
molecular etiologic forces located within the individual, will help explain very
much of the heterogeneity in health and disease among social groups, places,
and times. While such an individualistic focus can help us explain events within -
individuals it is unlikely to be very successful in explaining the patterning of
disease by subgroups, places, or eras (Rose, 1992). However, we do not argue -
that we should completely dismiss such pursuits and replace them solely with a
focus on macrolevel determinants of health. Such an ecologic or macrolevel
focus is likely to miss many opportunities for increased understanding of disease
mechanisms and intervention opportunities and suffers from its own version of
tunnel vision.

Observations of the complex patterning of disease, the “lens” of epidemio- .
logy, leads instead to a new approach that attempts to bridge various levels of
explanation and intervention, bringing together theory and empirical work that tie
together observations of causal influence and mechanism at multiple levels. It
thus represents an explanatory enterprise that does not exclusively privilege the
proximal, but seeks opportunities for understanding and intervention at both up-
stream and downstream vantage points (Figure 5). Such a pursuit is in its infancy
and represents a major challenge that will succeed only with a broad interdisci-
plinary vision accompanied by state-of-the-art thinking in multiple domains.

In what follows we describe some general epidemiologic and demographic
features of six major public health problems: low birthweight, childhood asthma,
firearm-related deaths in adolescents and young adults, coronary heart disease,
breast cancer, and osteoporosis. After describing the general patterns with which -
these problems appear, we then sketch out some examples of the type of multi-
level approach that is suggested in Figure 5.
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FIGURE 5 Multilevel approach to epidemiology.

THE DISTRIBUTION OF DISEASE—
SOME ILLUSTRATIVE EXAMPLES

Low Birthweight
Overall

Low birthweight, defined as a live birth less than 2,500 grams, is one of the
most vexing problems facing the public health community in the United States.
Low birthweight can result from babies being born prematurely and/or being
born too small, and it is the major underlying cause of infant mortality and early
childhood morbidity. The United States has significantly higher rates of low
birthweight than other comparably developed nations. For instance, the average
rate of low birthweight in the United States between 1990 and 1994 was 7 births
per 1,000, while in countries like Norway, Sweden, and Finland, rates were as
low 4-5 per 1,000 (UNICEF, 1998). Within some U.S. population subgroups
these rates of low birthweight exceed 12 per 1,000 and match the very high lev-
els found in some Sub-Saharan African and other developing countries. Infant
mortality has declined significantly over the last 30 years, in large part due to
the effects of neonatal intensive care and drug therapies that have helped to in-
Crease the survival of low-birthweight infants. In stark contrast, rates of low
birthweight have remained stubbornly high (NCHS, 1998). Thus, the United
States has a serious and persistent problem -of low birthweight, which so far
seems intractable to advances in medical care and technology.
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FIGURE 6 Low birthweight by education and race/ethnicity, United States, 1996.

Distribution by Race and Socioeconomic Position

As alluded to above, the problem of low birthweight is not distributed ran-
domly across population subgroups. Figure 6 shows rates of low birthweight in
1996, according to the education and race/ethnic group of mothers aged 20 or
older (NCHS, 1998). These data show both educational and race/ethnicity dif-
ferences in low birthweight.

The highest levels of low birthweight, around 18 per 1,000, were among the
least educated black, non-Hispanic women. The lowest rates, around 4 per 1,000,
were among the most educated Hispanic, Asian Pacific Islander, and white, non-
Hispanic women. While there are important educational gradients in almost every
race/ethnic group, the largest differences are between race/ethnic groups (NCHS,
1998). This fact is further emphasized in a 1992 study in the New England Journal
of Medicine showing that even among babies bomn to college-educated mothers,
infant mortality was significantly higher among black babies. This difference in
infant mortality was entirely attributable to the higher proportion of low birth-
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FIGURE 7 Low birthweight by zip code income tertiles and maternal nativity
among “Blacks, “ New York City, 1988-1994.

weight black infants (Schoendorf et al., 1992). In making any comparison between
race/ethnic groups in seemingly equal socioeconomic strata, such as those with a
college education, it is important to remember that the social meaning and eco-
nomic value of a college education may be quite different for different race/ethnic
groups. Health differences between race/ethnic groups largely reflect a wide array
of accumulated social exposures, so it would be naive to expect that we can cap-
ture all of these social exposures in one socioeconomic factor such as education.
We must be aware of the problems of Incommensurability of socioeconomic indi-
cators in comparing across race/ethnic groups (Krieger et al., 1993; Kaufman et
al., 1997). Nevertheless, the differences in low birthweight across race/ethnic
groups cannot be ignored and deserve more intensive investigation. Adding to the
complexity of this picture is recent research showing that birthweights of African-
bom black women are more closely related to those of U.S.-borm white women
than to U.S.-bom black women (David and Collins, 1997). (See Figure 7.) Addi-
tionally, Fang et al. (1999) have shown that rates of low birthweight among
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“black”” women vary considerably across all income levels, according to the coun-(
try of birth of the mother. "

Trends

Low birthweight continues to be a stubborn public health problem, with lit-
tle or no decline in rates over the last 20 years (See Figure 8.). In fact, between
1985 and 1996, New Hampshire was the only state that did not record an in-
crease in the percentage of low-birthweight babies. For the United States, over-
all rates rose by an average of 9%, but in some midwestern states such as Min-
nesota, Jowa, Nebraska, and Indiana, low birthweight increased by as much as
20% (Annie E. Casey Foundation, 1999).

Geogréphic Distribution

Not unexpectedly, there also is considerable geographic variation in low
birthweight across the United States. As Figure 9 shows, low birthweight is par-
ticularly concentrated in the southeastern states. These geographic differences
may reflect both compositional and contextual influences on low birthweight.
Compositional influences relate to characteristics of the individuals who reside
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FIGURE 8 Trends in low birthweight by race/ethnicity, United States, 1980-1996.
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FIGURE 9 Geographic distribution of percent of live births under 2500 grams by state,
United States.

in a certain area, while contextual influences refer to nonindividual aspects of
the environment that also may affect rates of low birthweight. For instance,
Kaplan and colleagues (1996) have shown how the extent of income inequality
within a state is correlated with rates of low birthweight even after adjustment
for the average incomes in the state (» = -065, p < .001). As Paneth has argued,
“The effects of poverty at the level of the individual, the family and the commu-
nity need all to be taken account of; the context in which pregnancy occurs is
larger than the womb” (1995, p. 31).

Costs

The assessment of costs for any health problem is a complex undertaking
that requires making various assumptions about what should be included and
excluded from cost estimates. In the case of low birthweight, there are direct and
indirect costs. The direct costs are those associated with both the immediate
medical care for low-birthweight babies and the longer-term implications that
low birthweight has for enduring health problems in childhood. In addition, the
health complications of low birthweight place additional burdens on later child
care and educational needs. Lewitt et al. (1995) estimated that in 1988, for chil-
dren aged 0-15 who had been born at low birthweights, the health care, child
care, and educational costs directly attributable to their birthweight were be-
tween $5.5 billion and $6 billion more than if those children had been normal
weight at birth.
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FIGURE 10 Asthma prevalence rate by age, and sex, United States, 1995.

Childhood Asthma
Overall

Asthma is one of the most common chronic health problems in thei
United States (See Figure 10). In 1995 it was estimated to affect almost 15 mll-
lion people—almost one-third of them under age 18 (Mannino et al., 1998).
Asthma prevalence has increased dramatically over the last 20 years, and What
limited comparisons can be made to suggest that the increases observed in the
United States may parallel increases in some other industrialized nations such as
France, Britain, and Australia (Grant et al., 1999). However, the prevalence of ;
asthma is generally lower in less mdustnahzed countries (Cookson, 1987). The
symptoms of asthma—wheezing, breathlessness, and coughing—are brought on
by inflammatory processes in the airways and immunoglobulins in response to a:
wide variety of environmental toxins and allergens such as dust mites, cock- :
roaches, pollens, and particular agents that reduce the overall air quality (Clark
et al., 1999). The potentially greater biological vulnerability of children due to .
their developing immune systems may place them at heightened risk of asth-
matic reactions to environmental irritants. Thus, there is a need for much more :
basic and applied research on asthma. As Grant et al. (1999) state, “Changes in :



UNDERSTANDIN G THE DISTRIBUTION OF DISEASE 49

environmental risk factors and exposures may contribute to recent trends, but
Little information is available relating specific risk factors to cither longitudinal
asthma trends, geographic variability, or high-risk populations” (p. S1).

Distribution by Race and Socioeconomic Position

Asthma morbidity and mortality are disproportionately higher among dis-
advantaged children (Weiss et al., 1994). Evans (1992) estimated that asthma is
26% more prevalent among black than white children. Data on socioeconomic
and race/ethnicity differences in asthma prevalence among children are limited.
However, Figure 11 reveals a growing gap in asthma prevalence between blacks
and whites from 1980 to 1994 when averaged across all age groups (Mannino et
al., 1998).

Black children also are significantly more likely to be hospitalized for
asthma (Figure 12). This is true at every level of zip code income. In fact, even
black children living in zip codes where the median income was greater than
$40,000 per year are much more likely to be hospitalized for asthma than white

children living in the poorest income areas. Understanding what these
race/ethnic and socioeconomic differences reflect is a complex task, but it is

possible that residential environments for black children are poorer quality, at
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FIGURE 11 Asthma prevalence trends by year and race/ethnicity, United
States, 1980-1994.
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FIGURE 12 Asthma hospitalization for children, aged 1-14, by median household
income according to zip code of residence, United States, 1989-1991. SOURCE:
NCHS, 1998.

every level of zip code income. U.S. cities are highly segregated residentially
(Massey and Denton, 1993), and important environmental differences may exist
in levels of inflammatory bioallergens between the residential areas occupied
by blacks and whites.

Trends

Prevalence, emergency department treatment, and mortality rates for asthma
have all increased in the last 20 years (NHLBI, 1999). Disturbingly, these in-
creases appear faster among children than adults and may reflect the greater
biological vulnerability of children to the effects of bioallergens. Figure 13
shows the significantly higher prevalence of asthma among 5- to 14-year-olds in
the last 10 years. The sharpest increase has been among the very young (Man-
nino et al., 1998). Among preschool children, asthma prevalence has increased
160% from 1980 to 1994.
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Geographic Distribution

There are no large-scale United States studies assessing geographic varia-
tion in emergency department visits or hospitalizations, although self-reported
revalence estimates suggest rates are highest in the western states and lowest in
the South (Collins, 1997). Smaller-scale studies also have demonstrated urban-
rural differences (Malveaux et al., 1995). In a sample of children in the Bronx in
New York, Crain et al. (1994) estimated that there was a cumulative prevalence
of asthma of 14.3% and period prevalence of 8.6%. These estimates for inner
city children were twice the national average.

Costs

- In 1993 there were more than 150,000 hospitalizations for children under
age 15 (CDC, 1995). The American Lung Association estimates that the direct
health care costs for asthma in the United States are almost $10 billion, with
inpatient hospital care being the largest single expenditure. Indirect costs related
to both loss of work and missed school days may add up to more than $1 billion
annually. It is estimated there are more than 10 million school days missed an-
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FIGURE 13 Asthma prevalence by year and age, United States, 1980-1994.
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FIGURE 14 Death rates per 100,000 for firearm-related injuries among persons age 15—
24 by sex and race/ethnicity, United States, 1996.

nually due to asthma. These productivity losses through work and school are
estimated to cost almost $2 billion annually (American Lung Association, 1998).

~ Firearm-Related Deaths Among Youth and Young Adults
Overall

Nowhere is the important contribution of injuries to the population pattern
of death and disability more evident than when considering the health status of
youth and young adults. Rates of death from injuries rise from 14.2 per 100,000
population for children age 10-14 to 66.1 per 100,000 population for those age
15-19, and reach a level in the age 20- to 24-year-old group (79.9 per 100,000
population) that is not exceeded until age 75-84. Injuries, including uninten-
tional injuries, homicide, suicide, and legal intervention, are the leading cause of
death for 15- to 24-year-olds, accounting for approximately 75% of the 32,443
deaths in this age group in 1996.

Even more striking is the role of firearms in these deaths. Firearm-related
injuries accounted for 25.9% of the deaths among 15- to 24-year-olds in 1997
(NCHS, 1997). In 1996, deaths from firearm-related injuries among 15- to 24-
year-olds almost reached the level of those due to motor vehicle accidents (24.2
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per 100,000 population versus 29.2 per 100,000 population, respectively
NCHS, 1998).

Distribution by Race and Sex

The burden of these deaths is not shared equally (Figure 14). While non-
Hispanic whites have the highest numbers of deaths from firearm-related inju-
ries, males—and particularly non-Hispanic African American males—have sub-
stantially elevated rates of death from firearm-related injuries compared to fe-
males and males from other groups. Overall, the age-adjusted 1997 death rate
for males from firearm-related injuries was 6.2 times higher than that for fe-
males (22.4 per 100,000 population versus 3.6 per 100,000 population) (NCHS,
1998). Among males, in 1996 the lowest rates were among Asian Pacific Island-
ers (19.6 per 100,000 population) and the highest rates, 6.7 times higher, were
among African Americans (131.6 per 100,000 population).

" Distribution by Socioeconomic Position

Given that the familiar inverse gradient between measures of socioeco-
nomic position and health outcomes is found for homicide and suicide (Baker et
al., 1992), it would not be surprising to find that it also is seen for firearm-
related deaths among 15- to 24-year-olds. However, national statistics on this
outcome do not generally stratify by socioeconomic position, a general defi-
ciency that has been noted elsewhere (Krieger et al., 1997). Baker et al. (1992)
provided some evidence for the association with firearm-related deaths, although

.not specifically for 15- to 24-year-olds, who account for 25% of all firearm-
related deaths. A strong and generally consistent inverse association between per
capita income of the area of residence of the decedent and rate of firearm-related
deaths (1980-1986) was seen for unintentional injuries, homicide, and suicide
related to firearms. For example, areas with a per capita income less than $6,000
compared to areas where it is equal to or greater than $14,000 had rates of unin-
tentional death from firearms, homicide, and suicide that were elevated seven-,
three-, and two-fold,respectively.

Trends

There have been substantial trends in firearm-related deaths among 15- to
24-year-olds over the past few decades. From 1970 to 1980 there was a 33%
increase, followed by a 16% decrease in 1985, followed by steady increases
totaling 158% up to 1993 and gradual declines since then through 1997. From
1993 to 1996, there was a 22% decrease in firearm-related mortality in this
group. Although the general direction of these trends has been consistent, there
have been variations in magnitude by race/ethnicity. For example, Figure 15
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FIGURE 15 Death rates per 100,000 for firearms-related injuries among males, age 15-:
24, by race/ethnicity, United States, 1980—1996. '

illustrates the faster acceleration from 1985 to 1993 of firearm-related deaths -
among African American and Hispanic men compared to white men.

Geographic Variation

There is substantial geographic variation in the occurrence of firearm-
related deaths. The general picture, across all age groups, reflects higher rates of
firearm-related homicide in core metropolitan areas compared to rural areas,
while there are higher rates of firearm-related unintentional injuries in rural ar-
eas (Baker et al., 1992). Fingerhut et al. (1998) analyzed 1979-1995 trends in
firearm-related homicide and found similar secular trends for core metropolitan
areas, fringe metropolitan areas, different size metropolitan counties, and non-
metropolitan counties. Within the overall pattern of geographic differences,
there is considerable unexplained heterogeneity. For example, using data avail-
able from the Centers for Disease Control and Prevention (CDC) WONDER
(on-line), we examined state differences in 1996 firearm-related deaths for 15-
to 24-year-old blacks and whites and found substantial variation. On average,
death rates from firearm-related injuries were 7.1 (median, 5.8) times higher
among blacks than for whites, but the rates of relative disadvantage ranged from
2.4-fold in Texas and 2.7-fold in North Carolina to 12.1-fold in Illinois and
14.6-fold in Massachusetts.
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Costs

The calculation of costs of firearm-related injuries and deaths is complex
and is hampered by 2 significant lack of data. Work in this area has generally not
reported separate estimates for specific age groups. Nationwide, for all ages, the
medical costs of gunshot injuries were recently estimated at $2.3 billion per year
(Cook et al., 1999). Total annual medical care expenses, indirect costs for long-
term disability, and lost productivity associated with premature death have been
estimated at $20.4 billion (Max and Rice, 1993). Because long-term disability
and lost productivity costs would be high for firearm-related deaths and injuries
to 15- to 24-year-olds, it is likely that a substantial portion of the $20.4 billion
reflects costs to children and young adults.

Cardiovascular Disease in Adults

Overall

Heart disease is the leading cause of death in the United States. In 1996, this
was true for white males and females, African-American males and females,
Asian-American males and females, Hispanic males and females, and American
Indian males and females. Overall, deaths from heart disease accounted for
31.7% of all deaths in 1996 (NCHS, 1998) and were responsible for 15.8% of
the years of potential life lost before age 75 (NCHS, 1998). Diseases of the heart
account for 11.2% of the deaths among those 2544 years of age, 27.1% among
those age 4564, and 35.7% among those 65 years or older. Coronary heart dis-
ease, which accounts for two-thirds of all heart disease deaths, alone accounted
for more than 2 million hospital stays in 1995, with an average length of stay of
5.3 days, and almost 10 million physician visits (NHLBI, 1998).

Distribution by Race and Sex

There is considerable variation in rates of death from cardiovascular disease
(CVD) by race, ethnicity, and sex (Figure 16). Age-adjusted rates of death for
males are 82.1% higher than they are for females (NCHS, 1998). Substantial
variation is seen when comparing across race and ethnicity, with the rates for
Asian Pacific Islander women, for example, being one-third the rates for African
American women, and the rates of death for African American men being more
than 2.5-fold greater than for Asian Pacific Islander men. Generally the highest
rates are for African American men and women, with the next highest rates be-
ing for non-Hispanic white men and women. Problems related to incorrect in-
formation on death certificates and census undercounts may lead to systematic
biases in rates for some groups, for example, those of Hispanic ethnicity (Goffet
al., 1997).
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FIGURE 16 Age-adjusted death rates for diseases of the heart by race/ethnicity and
sex, United States, 1996. NOTE: NH = non-Hispanic.

Distribution by Socioeconomic Position

There is"substantial evidence that various measures of socioeconomic posi-
tion (SEP) are importantly associated with mortality and morbidity from CVD
(Kaplan and Keil, 1993; NHLBI, 1998). Figure 17 shows the inverse association
between family income level and heart disease death rates for 25- to 64-year-old
non-Hispanic whites and African-Americans. Those in families with incomes less
than $10,000 had death rates that are 2.4- to 2.8-fold higher than those with fam-
ily income greater than $15,000 in 1979-1989. A similar inverse patterning is
seen when other measures of SEP, such as education and income of individuals,
families, or county of residence are considered (NHLBI, 1995). Other studies
have indicated that the impact of SEP on cardiovascular disease (CVD) extends
to measures of CVD morbidity as well as subclinical disease (Lynch et al., 1997).

Geographic Variation

There is substantial variation in the geographic distribution of CVD. Gener-
ally speaking, death rates from CVD are highest in the southeastern portion of
the United States and lowest in the western Mountain states, Alaska, and Hawaii
(NHLBI, 1998). Figure 18 shows the similar variation in age-adjusted rates of
death from ischemic heart disease among 25- to 74-year-olds in 1996. There
also is substantial geographic variation in CVD differentials by race and ethnic-
ity. For example, overall age-adjusted deaths rates from ischemic heart disease
among those 25-74 years of age were approximately 3% higher in African-
Americans in 1996 than in whites. However, the differential varied widely, from
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a 20 to 51% excess in California and Nebraska, respectively, to 32-54% lower
rates for African-Americans in Washington and Minnesota.

Trends

One of the most remarkable achievements of the latter part of this century has
been the substantial decline in death rates from CVD. For example, from 1900 to
1950, rates of death from CVD among those 45-54 years of age increased by
28%, but from 1950 to 1995 these rates declined by 68% (NHLBI, 1998). Given
the tremendous burden from CVD in the population, these changes had major con-
sequences. Analyses by the National Heart, Lung, and Blood Institute (NHLBI)
indicate that this decline in CVD mortality rates since 1994 translates into more
than one million fewer deaths from CVD during that period (NHLBI, 1998). Other
analyses indicate that the decline in CVD mortality from 1965 to 1995 accounted
for 70% of the 5.6-year gain in life-expectancy seen during that period (Vital Sta-
tistics of the United States, 1900-1967; Arriaga, 1984; 1989).

There is substantial demographic and geographic variation in who has bene-
fited from the decline in CVD (Sempos et al., 1988). For example, the average
annual percentage decline in age-adjusted coronary heart disease death rates for
white males and females was greater than for black males and females from
1980 to 1996. In some periods the differences were substantial—the annual per-
centage decline for males was 50% greater (-3.6% versus -2.4%) for whites than
for blacks during 1980-1989. Analyses of these trends also indicate that areas
that are better off socioeconomically have benefited more from the declines in
CVD mortality (Wing et al., 1988). Barnett et al. (1999), in their analyses of
1984-1993 trends in CHD mortality in North Carolina, found that social class
inequalities in coronary heart disease mortality actually widened during this
period for both black and white men. Moreover, whereas declines in mortality

450
JFamily. lncome _ .. ... .

400 BN <$10,000

350 4 8 $10,000-514,999

C =2815,000

300

250

200 -

150 A

Dealh Rate per 100,000 Population

100

50

Males Females

FIGURE 17 Heart disease death rate per 100,000 among persons age 25-64, by sex,
race, and family income, United States, 1979—1989.
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FIGURE 18 Geographic distribution of age-adjusted mortality rates from ischemic
heart disease among persons age 2475, by state, United States, 1996.

were experienced by white men of all social classes, with the greatest benefit
among those in the highest social class, only the highest social class of black
men showed any decline at all.

Costs

Given the high population burden of CVD, it is to be expected that CVD is
associated with substantial costs. According to recent NHLBI calculations, the
direct costs associated with CVD were $171 billion in 1998, and the indirect
costs related to morbidity and lost productivity were $103 billion. Thus, while
there have been substantial advances in reducing the health burden from CVD, it
still is associated with considerable economic costs to society. ‘

Overall Breast Cancer

Overall

Breast cancer is the most commonly diagnosed cancer in women, not
counting skin cancers, accounting for one in three cancer diagnoses. Breast can-
cer is the leading cause of death among women aged 40 to 55 (Henderson,
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TABLE 1. Age-Specific Risk of
Developing Breast Cancer

Age Estimate
25 11n 19,608
30 1in 2,525
35 1 1n 622
40 1in217
45 11in93
50 1in 50
55 11in33
60 1in24
65 1in17
70 lin14
75 1in 10
85 1in9
Ever ling&

1995). However, lung cancer mortality rates are higher than breast cancer mor-
tality rates in women overall (American Cancer Society, 1995), and three times
as many women will experience heart disease as breast cancer in their lifetime.

Incidence of breast cancer increases greatly with age; more than three-
quarters of all cases occur in women over age 50. Current estimates are that one
in eight American women will develop breast cancer in her lifetime (Feueret al.,
1993). However, as noted by Feuer et al. (1993), it is important to look at age-
specific probabilities because they provide a more accurate estimate of an indi-
vidual’s risk of breast cancer at a specific point in time, compared to lifetime
probabilities (see Table 1). In other words, a 50-year-old woman who is cur-
rently cancer free has little more than a 2% risk of developing breast cancer over
the next 10 years.

Breast cancer also occurs in men but is extremely rare, accounting for less
than 1% of the overall incidence of and mortality due to breast cancer.

Distribution by Race and Socioeconomic Position

Breast cancer incident rates vary widely by race/ethnicity within the United
States. After age 45, the incidence of breast cancer is higher in white women
than in black women; however, age-specific incidence in women less than age
45 is higher in blacks (Kelsey and Bernstein, 1996; Trock, 1996).

Women of other racial or ethnic groups also experience lower incidence of
breast cancer than white women. F or example, compared to United States-born
White women, the incidence of breast cancer is 50% lower in Asian-American
Wwomen bormn in China or Japan and 25% lower in United States-born Asian
Women (Stanford et al., 1995). Figure 19 shows breast cancer incidence rates for
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FIGURE 19 Female breast cancer incidence rates by tace or ethmicity, United
States, 1998—1992. SOURCE: American Cancer Society (1997).

United States women by race/ethnicity, age-adjusted to the 1970 United States
population (American Cancer Society, 1995).

Mortality from breast cancer does not follow the same race/ethnicity pattern
as that seen for breast cancer incidence. Breast cancer mortality rates among
blacks are worse than among whites at all ages in the United States. The Na-
tional Cancer Institute’s (NCI’s) Black/White Cancer Survival Study found that
the risk of dying in the first 5 years after diagnosis was two times higher among
black breast cancer patients than among white patients (Eley et al., 1994). The
mortality rate among African American women over all ages is 31.2 per 100,000
population, compared to 26 per 100,000 population for white women (American
Cancer Society, 1995). Mortality rates among other racial or ethnic groups, such
as those shown in Figure 19, are less than 20 per 100,000 population (Perkins et
al., 1995).

Unlike most chronic diseases, incidence rates of breast cancer are positively
related to socioeconomic position. Reproductive factors known to increase risk
for breast cancer include late age at first full-term pregnancy and low parity,
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both of which vary by socioeconomic position and likely contribute to the ex-
cess risk of breast cancer observed in better-educated, higher-income women
(Kelsey and Bemstein, 1996). In contrast to breast cancer incidence, mortality
from breast cancer is higher among more socioeconomically disadvantaged
women. Growing evidence suggests that this is partly due to a more advanced
stage at diagnosis and/or tumor characteristics. For example, Gordon (1995)
reported that education and income were inversely related to estrogen receptor-
negative tumors, after controlling for age, race or ethnicity, and known breast
cancer risk factors. Estrogen receptor-negative breast tumors are strongly asso-
ciated with poorer survival and, interestingly, are more likely to be diagnosed in
African American women than white women.

Trends

Breast cancer incidence increased steadily between 1940 and 1982 and then
more markedly between 1982 and 1987, prompting the suggestion, especially in
the popular press, that an “epidemic” of breast cancer was occurring (Lantz and
Booth, 1998). However, it is clear that a higher prevalence of mammography
screenings, earlier diagnoses, and related factors account for a large proportion
of this increase (Forbes, 1997, Wun et al., 1995). Moreover, incidence rates in
younger women increased only slightly during the same time, and since 1987,
incidence rates appear to have stabilized somewhat (Kosary et al., 1995), al-
though this trend varies slightly by race/ethnicity. It has been suggested that the
observed increase in breast cancer incidence was partially due to the increased
prevalence of risk factors for breast cancer, particularly reproductive factors,
such as later age at first birth and smaller family sizes than in previous genera-
tions (American Cancer Society, 1995). Until relatively recently, trends in inci-
dence of breast cancer were similar for white women and African American
women. Since 1992, however, it appears that the incidence has increased some-
what among African American women while decreasing or remaining stable
among whites (American Cancer Society, 1995).

For white women in the United States, the mortality rate from breast cancer
was relatively stable between 1940 and 1990 but has improved markedly during
the 1990s, with the greatest improvements seen in younger age groups (National
Cancer Institute, 1996). In contrast, the mortality rate among African American
women increased by more than 19% between 1973 and 1988 and has continued
to increase during the 1990s, although this increase has slowed to less than 3%
(National Cancer Institute, 1996).

Taken together, the observed trends in breast cancer incidence and mortality
suggest that with improved breast cancer management more women are surviv-
ing with breast cancer than ever before. However, there is clear evidence that
racial disparities in both breast cancer incidence and mortality still exist.
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Geographic Variation

Breast cancer incidence varies widely by geographic location. In the United
States, evidence suggests that women living in the northern states tend to have
higher rates of breast cancer than women living in the southern states (Kelsey
and Homn-Ross, 1996). Breast cancer incidence also varies greatly internation-
ally, as seen in Figure 20. The San Francisco Bay area has been identified as
having one of the highest rates of breast cancer among white women in the
world, with rates that are more than four times greater than in Asian countries
and more than 40% higher than in most European countries (Parkin et al., 1997).
Recently, it was determined that regional differences in reproductive risk factors
(e.g., low parity, late age at first birth), many of which are associated with a
more advantaged socioeconomic position, accounted for the high incidence rates
of breast cancer in the Bay area (Robbins et al., 1997). Figure 20 also shows
how breast cancer incidence varies by race/ethnicity throughout the world. For
example, rates among non-Jewish Israeli women are dramatically lower than the
rates among Jewish Israeli women. Also, rates in Hawaii vary greatly by ethnic-
ity. Asian women generally have some of the lowest rates of incident breast can-
cer among developed nations; however, rates in Asia, as well as in central Euro-
pean nations, have risen markedly in recent years (Kelsey and Horn-Ross,
1993). For example, breast cancer incidence in Japanese women more than dou-
bled in the 15-year period from 1970 to 1985, although rates of breast cancer in
Japanese women are still dramatically lower than rates in most American
women (Kelsey and Bemnstein, 1996).

Costs

Breast cancer has enormous direct and indirect costs, as well as psychoso-
cial costs in terms of reduced quality of life, stress, and the psychological de-
mands on the individual, family member, and friends coping with the illness. An
estimated $6.6 billion is spent each year in direct medical care costs for breast
cancer in the United States alone (Brown and Fintor, 1995). Median survival
time for breast cancer patients is nearly a decade; consequently, the greatest
proportion (approximately 45%) of medical expenditures for breast cancer is for
continuing care (Brown and Fintor, 1995). Nevertheless, with more than 43,000
female breast cancer deaths per year in the United States, it has been calculated
that there are more than 800,000 person-years of life lost each year or 19 person-
years lost per death (Brown et al., 1993). The nonmedical, indirect, and psycho-
social costs of breast cancer have not been quantified but undoubtedly increase
several fold the social and economic costs of this disease.
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FIGURE 20 Age-adjusted incidence of breast cancer, 1988-1992, per 100,000 popula-
tion. SOURCE: Adapted from Parkin et al., 1997.

Osteoporosis
Overall

It is estimated that approximately 6 million American men and women have
osteoporosis and another 20 million have osteopenia (Looker et al., 1997)
Prevalence is dramatically higher in women than in men (see Figure 21). Al-
though peak bone mass is achieved in the second or third decade of life, osteo-
porosis is rare in individuals less than 50 years of age. In contrast, only, 3% of
women age 80 or older have normal bone density and 70% have evidence of
osteoporosis at one or more skeletal sites (Cooper and Melton, 1996). Thus, os-
teoporosis can be characterized as a disorder of middle-aged and elderly ad,ults
The greatest public health impact of osteoporosis derives from its accompanying.
n%creased risk of fractures. Osteoporotic fractures occur most frequently in the
distal forearm, vertebrae, and hip (Cooper and Melton, 1996); indeed, vertebral
frat?mres historically have been considered a defining clinical feature of osteopo-
rosis (Albright et al., 1941). Recent estimates indicate that the age-adjusted inci-
dence of vertebral fracture is more than twice as high as the incidence of hip
fracture. in women (18 per 1,000 person-years versus 6.2 per 1,000 person-years
respectively) (Melton et al., 1993); both are associated with increased morbidit;i
and mortality in the elderly (Cooper et al. 1993; Melton, 1988).
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National data on the epidemiology of osteoporosis and related fractures are
somewhat limited, in part, because prior to the advent and widespread use of
noninvasive bone densitometry methods such as dual energy x-ray absorpti-
ometry (DEXA), osteoporosis was diagnosed only in the presence of a fracture,
However, not all fractures, particularly vertebral fractures, are symptomatic or
reach clinical attention. Presently, osteoporosis is defined by the World Health -
Organization (WHO) as bone mineral density more than 2.5 s.d. (standard de-’
viation) below the young normal mean at one or more skeletal sites (WHO, .
1994). Research indicates that a 1 s.d. decrease in femoral bone density is equi-
valent to a l4-year age increase in risk of hip fracture (Melton et al., 1993).
Bone density decreases greatly with age, especially among women, making age
one of the strongest risk factors for osteoporosis. However, other factors also
influence bone density. For example, among women, bone loss is accelerated
after natural or surgical menopause when levels of estrogen drop dramatically.

Other known or suspected risk factors for decreased bone density include
tobacco use, physical inactivity, and alcohol abuse (Seeman, 1996; Snow et al.,
1996). Each of these is associated with increased risk of fractures. Age-related
declines in bone strength also contribute to the increased risk of fractures in eld-

erly populations.

Distribution by Race and Sex

Rates of occurrence of osteoporosis and osteoporotic fractures vary greatly
by race and ethnicity, with higher rates consistently observed in whites com-
pared to nonwhites, particularly in North America and northern Europe (Villa
and Nelson, 1996). The Third National Health and Nutrition Examination Sur-
vey (NHANES III) found a higher prevalence of osteoporosis in whites than
blacks or Hispanics for both women and men (Looker et al., 1997). (See Figure
22.) One recent United States study found that age- and sex-adjusted rates of hip
fracture for persons over age 50 were nearly three and a half times greater in
whites than in blacks (Baron et al., 1994). Hispanics and Asians also have much
lower rates of hip fracture than whites (Silverman and Madison, 1988). In addi-
tion, the age-related increase in hip fracture is observed in all populations but
tends to occur at an earlier age among non-Hispanic whites than Asian, His-
panic, or black populations (Maggi et al., 1991).

Osteoporosis and related fractures occur more frequently in women than in
men. NHANES III was the first nationally representative survey to assess bone
mineral density using DEXA to determine the prevalence of osteoporosis in the
United States adult population (Looker et al., 1995). Femoral bone density was
assessed in 14,646 participants age 20 or older (63% of those eligible). Data
were age adjusted to the 1980 United States census population, and prevalence
of osteoporosis and low bone density or osteopenia (more than 1 but less than
2.5 s.d. below the young normal mean) were determined for women and men
age 50 or older (see Figure 21). These data indicate that 15% of American
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FIGURE 21 Age-adjusted prevalence of osteoporosis and osteopenia of the femur
in noninstitutionalized U.S. adults, age 50 and older: NHANES IIL

women age 50 or older have osteoporosis and that an additional 40% have os-
teopenia (Looker et al., 1997). Using the same absolute bone density cutpoint
for men as for women (0.56 g/cm’® for femoral neck bone density), it was esti-

- mated that 2% of American men age 50 or over have osteoporosis and another
17% have osteopenia (Looker et al., 1997). However, extrapolating the WHO
diagnostic criteria, which did not address osteoporosis or low bone density in
nonwhite or male populations, so that the referent was mean bone density in
non-Hispanic white men ages 20-29, produced higher estimates. With the male
referent, estimates are that 4% of men age 50 or older have osteoporosis and
another 33% meet criteria for osteopenia. These estimates thus show that the
prevalence of osteoporosis is four to seven times greater in women than men
(depending on the referent group used). Other research indicates that the esti-
mated lifetime risk of a hip fracture, distal forearm fracture, or vertebral fracture
is three times greater for women than men (39.7% for women and 13.1% for
men, respectively) age 50 and older (Melton et al., 1992).

Distribution by Socioeconomic Position

Few data are available that examine osteoporosis or fracture incidence by
socioeconomic position. Several of the risk factors for fracture (e.g., alcohol
abuse, cigarette smoking, physical inactivity) are known to vary by s0Cl0eco-
nomic position, with greater prevalence of these behavioral or life-style factors
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among poorer persons. One study reported that hip fracture incidence rates in
elderly white women in the United States are higher in regions with greater pov-
erty (Jacobsen et al., 1990). In addition, the use of postmenopausal hormone
replacement therapy, which protects against bone loss, is more prevalent among '
socioeconomically advantaged women (Matthews et al., 1996). However, other
factors that appear to protect against age-related bone loss, such as obesity, are
more prevalent in lower socioeconomic strata (Sobal and Stunkard, 1989). :
Moreover, blacks and Hispanics, who disproportionately occupy these lower
strata (especially in the United States), are known to have greater bone density
and lower rates of osteoporosis and osteopenia (Looker et al., 1997). Clearly, the
association between osteoporosis and associated fractures and socioeconomic
position is complex, and research is needed to determine what the patterns of
association are for men and women of different racial/ethnic groups.

Trends

A lack of data prevents us from knowing if there have been marked trends in
the prevalence or incidence of osteoporosis in the past. However, there is evidence
that the incidence of hip fractures increased fourfold between 1930 and 1980 in
white men and even more dramatically in women (Melton et al., 1987), even after
taking into consideration the increase in the elderly population. It has been sug-
gested that the increasing prevalence of sedentary life-styles and greater frailty
among the elderly may be contributing to this phenomenon (Cooper and Melton,
1996). Future expectations are that the prevalence of osteoporosis and related
fractures will increase substantially because these are problems of the elderly. The
number of individuals age 65 or older is expected to increase fivefold in the next
50 years (Cooper et al., 1992). Consequently, it is anticipated that the public health
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impact of osteoporosis will increase enormously in the coming decades. For ex-
ample, in 1990, there were more than 1.1 million hip fractures in women and
463,000 hip fractures in men worldwide, and it is predicted that these numbers
will increase fourfold by 2050 (Cooper et al., 1992). Interestingly, because of
rapidly aging populations, a greater increase in the incidence of hip fractures is
expected in Latin American and Asian countries than in North American and
Furopean countries in the coming decades, making osteoporosis and related frac-
tures a global public health challenge (Cooper and Melton, 1996).

Geographic Variation

Specific data assessing geographic variations in osteoporosis are sparse.
However, there is clear evidence that the incidence of hip fracture varies by geo-
graphic region. The highest rates are in Scandinavia, followed by the United
States, western Europe, Asia, and Africa (Melton et al., 1987). Rates vary mark-
edly within regions, also. For example, there is a sevenfold difference in inci-
dence of hip fractures within the countries of western Europe (Johnell et al.,
1992). A study by Jacobsen and colleagues found interesting regional variations
in hip fracture incidence in white women age 65 and older within the United
States also (Jacobsen et al., 1990). Data from the Health Care Financing Admini-
stration, the Department of Veterans Affairs, the Bureau of the Census, and the
Bureau of Health Professions’ 1988 Area Resource file were used to examine
age-adjusted rates of hip fracture by county for the 48 contiguous states. Figure
23 graphically depicts the findings, which show clear geographic variation, with
higher rates in the south. Also, hip fracture incidence rates were positively related
to the proportion of elderly below the poverty level and the percentage of farm-
land in the county, but inversely associated with water hardness and hours of
January sunlight. Interestingly, however, regional variations in alcohol consump-
tion, cigarette smoking, obesity, physical activity, or Scandinavian heritage did
not account for the observed geographic patterns. The findings suggest that unob-
served or unmeasured environmental characteristics and/or individual risk factors
are contributing to the geographic variation in hip fracture rates. It is unknown if
similar patterns are present for nonwhite populations or men.

Cost

It is difficult to determine the economic costs of osteoporosis, per se. How-
ever, the overall cost of fractures is estimated to be $20 billion annually in the
United States (Praemer et al., 1992). Recent estimates suggest that hip fractures
account for 300,000 hospitalizations annually, with an associated tab of $9 bil-
lion in direct medical costs (Bason, 1996). Moreover, it is estimated that hip
fractures account for more than 9 years of potential life lost per 1,000 women
(Eiskjaer et al., 1992). Because osteoporotic fractures disproportionately affect
elderly individuals, the reductions in survival and lost wages associated with
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osteoporosis are generally determined to be less than similar figures for other
diseases, such as the others reviewed in this chapter. Nevertheless, it is clear that
osteoporosis and related fractures are an important and growing public health
problem of our aging population that have enormous economic costs in terms of
increased morbidity and mortality and lost productivity.

MAKING SENSE OF THE DISTRIBUTION OF
DISEASE AND ITS DETERMINANTS

The six problems described above illustrate the tremendous heterogeneity
there is in the occurrence of diseases and in important public health problems.
This heterogeneity by place, race/ethnic group, gender, socioeconomic position,
and time ought to be the starting place for most analyses. The extent of this het-
erogeneity highlights the implausibility that a single set of explanatory determu-
nants will be found or that a single set of interventions will suffice to reduce the
population burden from these problems. Instead, we think the heterogeneity
points to the importance of the multilevel approach presented in Figure 5. In
what follows, we illustrate such an approach to the public health issues previ-
ously described. Because such an approach is in its infancy, for the most part the
discussion is a mixture of empirical findings, evidence-based speculation, and
arguments based on plausibility. Because it is the major focus of this report, for
the most part we highlight the potential importance of domains that range from
the behavioral to the social and economic.

Economic and Social Policies

Because of the clear relationships between socioeconomic position and these
six problems of public health importance, it is likely that actions that have an
impact on the socioeconomic position of individuals, families, and communities
can potentially reduce the public health burden associated with these problems.
Note that this is true even for breast cancer, for although incidence increases with
SEP, mortality decreases with increasing SEP (Eley et al., 1994; American Can-
cer Society, 1995). At the governmental level, policies related to taxation, cash
and noncash transfers, and employment may be some of the most important in-
struments. For example, the introduction of the earned income tax credit resulted
in a reduction in the prevalence of children living in families below the poverty
line (Plotnick, 1997), presumably with related health effects, and we are still
awaiting the results of recent changes in welfare and entitlement policies on the
financial status and health of poor families (Danziger et al., 1999). The changes
in economic status of individuals and the communities they live in could con-
ceivably lead to better health among pregnant women and women of childbearing
age, thereby leading to a reduced risk of low birthweight. Increased SEP also
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allows one to mitigate, or move away from, environmental exposures that might
be important in the etiology and progression of childhood asthma, to live in envi.
ronments with lower levels of stress and violence.

Economic policies that alter workforce participation by women may have
an effect on reproductive patterns, thereby altering the risk of breast cancer. The
same forces may have an impact for both men and women on levels of job‘"
strain, which may alter the risk of developing CVD or its risk factors (Schnall et.
al., 1994) and triggering acute events (Mittleman and Maclure, 1997). Taxation
polices also can have a substantial impact on the development and maintenance
of unhealthy behaviors such as smoking (Hu et al., 1995). Taxation policies that
reduce funding of education also may influence the availability of physical ac-.
tivity at school through reduction in physical education classes (Luepker, 1999),
Zoning policies and the design of living, work, and educational environments
can conceivably influence the amount and patterns of leisure time and occupa-
tional physical activity. ’

Through mechanisms that are less well understood (Kaplan et al., 199¢;
Lynch et al., 2000), economic policies that alter the extent of income and wealth
inequality in the population may alter disease risks independent of effects on
individual incomes or wealth. In addition to being related to risk of death from
all causes, increasing income inequality is associated with increased levels of
CVD and other diseases (Kennedy et al., 1996; Kaplan and Lynch, 2000). The
extent of variations in income inequality, presumably related to government
taxation and transfer policies, on infant mortality was shown by Ross et al. (in
press) who compared the association between income inequality and infant
mortality in metropolitan areas in the United States and Canada. Metropolitan
areas in Canada had much lower levels of income inequality than those in the
United States and much less geographic variation in income inequality. This
combination of decreased income inequality and restriction in the range of in- -
come inequality resulting from Canadian economic policies was associated with
considerably lower rates of infant mortality in these analyses.

Social policies also can have a substantial impact. The most obvious relates to
access to health insurance and state-of-the-art medical care. To the extent that
there is no consensus regarding the need for universal access, then we can expect
to see substantial variations by SEP and race/ethnicity in low birthweight and the
diagnosis and treatment of asthma, as well as screening, treatment, and outcomes
of CVD, breast cancer, and osteoporosis. Social policies regarding regulation of
gun ownership, types of weapons allowed, safety devices, enforcement of regula-
tions, and policing may all have an impact on firearm-related deaths (Wintemute,
1999). In general, social policies that have an effect on employment, or lack of it
the nature of work, community neighborhood structures, transportation, housing,
schools, medical care, and other social institutions may all have an impact on the
distribution of public health problems within and between populations and areas.
Social policies and norms related to factors such as tobacco and alcohol use also
may have a substantial impact because even changes in average consumption lev-
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els may influence both the total burden of disease associated with consumption
and the prevalence of heavy smoking and drinking (Rose, 1992).

Institutions

[n a sense, institutions cannot be separated from the social, cultural, histori-
cal, and economic policies that create and sustain them. However, it is important
to see the extent to which institutions, such as those related to the worlds of edu-
cation, work, medical care, the criminal justice system, and housing, may be im-
portant determinants of public health problems and solutions. For example, it has
been suggested that school and child care environments may increase the risk of
childhood asthma and its complications via exposure to secondhand smoke
(Bremberg, 1999) and through a lack of support for behavioral self-management
strategies (Clark et al., 1999). Similarly, the school environment via promotion of
poor nutritional habits through school lunch programs or on-site fast-food outlets,
and reduction of school-based physical activity programs may contribute to in-
creased risk of the development of CVD as well as decreased bone mass. The
school environment also can support factors related to increased risk of later de-
velopment of breast cancer, through both dietary and reproductive risk factors.
School-related factors also may contribute to patterns of bullying, gang forma-
tion, and violence that may lead to firearm-related injuries.

Workplaces, through both working conditions and the physical environ-
ment, zmay increase risk. Stressful working conditions, inflexible working
schedules, and afterwork effects of physically and emotionally demanding jobs
may all directly contribute to increased risk of CVD (Karasek and Theorell,
1992). Indirectly, they may contribute to patterns of smoking and alcohol use
and physical inactivity that increase risks of low-birthweight, breast cancer,
CVD, and osteoporosis. Work schedules that make it difficult to utilize preven-
tive or curative services could increase risk of low-birthweight deliveries, CVD,
and early detection of breast cancer and osteoporosis.

The physical environment of workplaces and other institutional settings also
can increase risk via exposure to tobacco smoke and other toxic substances. In
addition, work environments that discourage physical activity in favor of taking
elevators or discourage healthy eating via fast-food and vending machine avail-
ability also may increase risk of numerous outcomes.

Neighborhoods, Communities, and Living Conditions

A growing literature indicates that characteristics of neighborhoods and
communities are associated with variations in health outcomes and individual
level risk factors (Macintyre et al., 1993; Kaplan, 1996; Diez-Roux, 1998; Yen
and Kaplan 1998, 1999). There are many pathways through which such area
differences in health status and risk factors might be generated. Abatement of
exposures to lead and other toxins, improvements in ambient air quality, and
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reduction of diesel exhaust could have an impact on asthma, low birthweight,"
and possibly osteoporosis. Environmental restrictions on smoking and the sale
and consumption of alcoholic beverages, as well as local advertising in support
of smoking and drinking, may influence the rates of all six of the public health
problems highlighted in this chapter. Neighborhoods differ in the availability of
affordable, nutritious food (Troutt, 1993) and in access to preventive and cura-
tive services, possibly having an impact on low birthweight, asthma, cardiovas-
cular disease, breast cancer, and osteoporosis. Lack of access to parks and op-
portunities for safe recreational areas may influence levels of physical activity.

Social and economic characteristics of communities also may have a great
influence on public health (Haan et al., 1987; Macintyre et al., 1993; Sampson et
al., 1997; Brooks-Gunn et al., 1997; Wing et al., 1988). The extent to which
residents of an area feel interconnected, will help each other, and feel responsi-
ble for the “commons” is associated with lower rates of violence, much of which
is firearm related (Sampson et al., 1997). Levels of social support can be influ-
enced by neighborhood and housing design and may influence birth outcomes
(Nuckolls et al., 1972), cardiovascular disease (Kaplan et al., 1988), treatment of
childhood asthma (Smyth et al., 1999), and resolution of violence that can lead
to firearm-related deaths.

Living conditions, reflected in the quality of housing and residential envi-
ronments, may be associated with low birthweight, asthma, cardiovascular dis-
ease, and osteoporosis and the risk of hip fracture. For example, levels of aller-
gens and exposure to environmental tobacco smoke may be associated with
asthma, and conditions that increase the risk of transmission of various infec-
tious agents may thereby lead to exacerbation of asthma (Clark et al., 1999),
increased risk of low birthweight (Romero et al. 1988), and possibly, cardiovas-
cular disease (Patel et al., 1995). Environmental hazards in the home may be
associated with increased risk of hip fracture (Rubenstein et al., 1988; Grisso et
al., 1996), and environmental barriers outside the home could be associated with
reduction in physical activity (Kaplan, 1997). '

Social Relationships

The quantity, quality, and scope of social relationships can influence the n-
cidence and progression of a variety of health problems (Coben and Syme,
1985). Social support and social network participation have been shown to be
associated with pregnancy complications (Nuckolls et al., 1972), cardiovascular
disease (Kaplan et al., 1988), breast cancer prognosis (Spiegel et al., 1989; Rey-
nolds and Kaplan, 1990; Reynolds et al., 1994; Shrock et al., 1999), recovery
from hip fracture (Cummings et al., 1988), asthma symptoms (Clark et al.,
1999), and pregnancy complications (Nuckolls et al., 1972). Social groups also
may influence, in both a positive and a negative direction, the adoption and
maintenance of adverse behavioral risk factors such as smoking and excessive
alcohol consumption. Clearly, social processes are involved in the promotion 0f
inhibition of violence and its sequelae such as firearm-related mortality. Strain
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aSSOCiath With problematic relationships, or overload related to mult1p1f? social
responsibilities, may increase cardiovascular risk and also may make it more
difficult to access preventive or curative services.

Individual Risk Factors

There is ample evidence that the behaviors of individuals, such as tobgcco
aqd a¥°°h°1 Consumption, physical inactivity, and diet, are critically associated
with important puplic health problems (McGinnis and Foege, 1993). Because
this information is well known and readily available it is not reviewed in this
paper. .Other individual characteristics related to personality, negativq affect,
coping, and attitudes also are critically important. For example, considerable
evidence now ypderscores the importance of psychological states related to
negative affect apq hostility in the pathogenesis and triggering of cardiovascular
events and the progression of cardiovascular disease (Mittleman and Maclur@,
1995; Everson et a1, 1996, 1997), and there is some indication that psychologi-
cal distress may exacerbate asthma symptoms (Smyth et al., 1999). These states
can have indirect impacts on low birthweight, breast cancer, cardiovascular dis-
ease,.and osteoporosis via their influence on access to and use of preventive and
Curative services, their impact on social relations, and, possibly, through the
influence OfPSYChological states on neuroendocrine and immune pathways.

CONCLUSIONS

Ve have briefly outlined the heterogeneity in prevalence, distribution, and
o for lif expectancy and a number of important public health problems.
?hi usual approach is to adopt either a perspective that privileges indiv1du§1 risk
iy o Whlch have been termed by some as the “real” causes of dlsea}se
(MCG_mms and Foege, 1993) or a perspective that similarly privileges an 1n-
bo vy molecular understanding. Either approach, in our opinion, is likely to
> exremely limited in understanding variations in disease incidence or preva-
e betweer% groups, places, or across time and consequently will generally be
?n§uccessfu1 I suggesting effective intervention strategies to reduce the popu-
aton burden frop thege problems. Instead, we have tried to argue for an inte-
Egé:xted approach that views these problems within a multilevel frzlxmewo-rk and
tar?crglitos to build bridges between levels rather than attributing primary 1mporf—
fort: One. level or another. It is likely that some success will come from eil-
it "pecific levels, but our most complete understanding and most successful
miekwentmn attempts may very well come from a multilevel focus. In order to
I;;nt: St{ Zgrﬁiss’ there is a need for considerably more ipformation on determi-
In a 2 th that. lie “upstream” from individual behaviors. ;
clared, ‘fﬂllnﬂu?ntlal book on preventive medicine, tk}e late Geofifrey Rose -el—
and ther € Phimary determinants of disease are mainly economic and social,

efore its remedies must be economic and social” (Rose, 1992, p. 129),
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and a recent report on the «fiyture of medicine” (Hastings Center Report, 1996)
called for an effort on the scope of the Human Genome Project directed at un-;
derstanding the social determinants of health. As work proceeds at a fast pace on
both the behavioral and the molecular bases of disease, We need to proceed
apace at accumulating knowledge of the upstream determinants of health that
include social relations, neighborhoods and communities, institutions, and social
and economic policies. Such an effort bridged with expanding knowledge from
more “downstream’ pursuits could add to the twenty-first century’s armamen-
tarium for improving the public’s health. :
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