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Genetic Factors in Ethnic Disparities
in Health

Richard S. Cooper

I very early got the idea that what I was going to do was prove to the
world the Negroes were just like other people.—W.E.B. DuBois

Biology is being transformed by the advent of technology that allows us
to define the molecular basis of genetic variation. Having pushed physics
off the pedestal reserved for “big science,” biologists have sequenced the
genomes of half a dozen organisms, altered the sequence in even more, and
cataloged millions of the DNA variants found in humans. The technologi-
cal capacity to read and manipulate genes has in turn generated speculation
that our ability to solve health problems will be transformed in a similarly
dramatic fashion. Acknowledging that we are in the early stages of this new
era, the practical accomplishments of genetic medicine to date are much
more modest, however. Although great success has been achieved with the
rare monogenic disorders, for the common chronic illnesses that account
for most of the death and disability in our society, genomics has yet to
elucidate the pathophysiology in important ways or improve treatment
(Cooper and Psaty, 2003; Khoury, 2000; Lander, 1996; Report of the
Advisory Committee on Health Research, 2002).

Describing the genetic underpinnings of common chronic diseases is a
challenge of infinitely greater complexity than obtaining a sequence of
nucleotides or finding single gene mutations. A quantum leap in biology
will be required before the genes and the associated physiologic abnormali-
ties that confer susceptibility to chronic disease can be understood. Given
the intertwined effects of genes and environment on these conditions, the
question remains as to whether or not important genetic causes can even be
identified. Nonetheless, the exploration of the genome has accumulated
unstoppable momentum and will profoundly alter our understanding of the
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270 RICHARD S. COOPER

biological world, even if it does not transform the practice of medicine or
public health.

Genomics is connected to public health science through population
genetics and epidemiology, and to the everyday practice of public health
through race. An important goal of this discussion will be to try to disen-
tangle genomics from race, based on the argument that they are categori-
cally different ways of framing the epidemiologic questions. This is more
than an intellectual challenge, however, because deeply held beliefs about
the relative influence of nature and nurture on variation in disease patterns
between populations bind the two together. After centuries of reliance on
race as a surrogate for genes, the impulse has been to merely incorporate
molecular data as new details, leaving the accepted framework in place.
However, this solution can only be temporary. Among its many conse-
quences, molecular genetics has made the current model of race obsolete
and, in the long run, untenable. As a result, through no initiative of its own,
public health suddenly has been presented with the opportunity to rethink
one of its most intractable problems. Perhaps, one might argue, that will be
the most important contribution of genetics to public health: Given our
complete inability to devise effective solutions to racial inequalities in health,
discarding what now passes for theory could be a salutary development.

The two main dimensions of the race controversy can be discussed
separately. First, the “ideological” concept of race informs popular dis-
course and shapes policy, with a parallel impact in public health. This
version of race is defined by social and historical forces and is used to create
and justify many of the divisions that exist among people of varying reli-
gious, ethnic, or geographic backgrounds. This concept assumes the exist-
ence of categories that have no scientific foundation—at least none based
on molecular data. This concept has been challenged since Darwin (1981),
yet it persists for ideological purposes (Cooper, 1984; Montagu, 1964;
Root, 2001). Although everyone in public health needs to be reminded of
the importance and illegitimacy of this notion, and those who have not yet
heard the news need to be informed, there is little of substantive importance
that is really new to add to this debate: We should begin by simply ac-
knowledging that race in the world of politics, and all the nutritional,
educational, and social influences it entrains, continues to be the determin-
ing influence on ethnic variation in health.

A second use of race has assumed new relevance. As a label for regional
populations, race has a long history in population genetics, and in this
arena, important opportunities exist to revisit old questions on interethnic
variation in health. At stake is whether or not we can move beyond the
indirect methods applied in epidemiology or the generalizations built on
estimation of genetic distance that have preoccupied population geneticists
and anthropologists (Cavalli-Sforza, Menozzi, and Piazza, 1996; Relethford,
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GENETIC FACTORS IN ETHNIC DISPARITIES IN HEALTH 271

1998). Specifically, it is now possible to ask a set of testable questions: Can
the global variation in the human genome be aggregated into subunits, and
do those units correspond to the categories we call race? Can we assess the
relative magnitude of shared and nonshared genetic material among popu-
lation groups? Is there variation in causal genetic polymorphisms that is
associated with important differences in chronic disease risk? Is it possible
to conceptualize the collective human genome as a whole, and express that
concept in quantitative terms?

Of course, complete answers to these questions are still well beyond
our grasp. Some of the questions, like the aggregation of variants within
population groups, are likely to be answered in the near future, while
others, like the relative frequencies of causal variants for chronic diseases,
may never be fully answered. Yet molecular genetics is changing the way we
think about human variation, and it is crucial that this change has a positive
impact on medicine and public health. Even though the noxious effects of
racism—the social and economic consequences of the ideology—will only
be eliminated through a political process, it remains the obligation of bio-
logical scientists to contribute to this eventual outcome by providing a clear
description of the natural phenomena as we understand them. With an eye
to history, it will be necessary, first and foremost, to ensure that the mis-
takes surrounding racial comparisons in the past are not repeated using
molecular data.

In its current usage among epidemiologists, who have provided most of
what we know about interethnic variation in health, the “common sense”
or popular meaning of race is accepted as a given, unsupported by biologi-
cal evidence, and serves both as a construct that frames research questions
and a premise on which explanations are based. This standard application
of race has obvious limitations and has resulted in widespread misunder-
standing about the potential of genes to influence health (Cooper, Kaufman,
and Ward, 2003; Kaufman and Cooper, 1996; Krieger, Rowley, Herman,
Avery, and Phillips, 1993). As in society at large, incorporation of these
notions into the intellectual grammar of science can lead to racist practice
(Cooper and Kaufman, 1998). Thus, one of the aims of this paper will be an
attempt to explore the role of scientific racism within the discipline of public
health, and examine how that shapes the discourse and the research agenda.

ETHNIC DISPARITIES IN HEALTH STATUS

The focus of this discussion will be on the broad medical syndromes
that account for most of the disability and premature mortality in the U.S.
population. The first problem that arises when examining the racial/ethnic
health patterns is how best to organize the data. As is well known, the
definitions used by government agencies are explicitly not based on biologi-
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272 RICHARD S. COOPER

cal categories (Cooper, 1994; Hahn, 1992; Lott, 1993); instead this system
was developed to meet the political obligations of the Census. The designa-
tion of “black,” “white,” “American Indian,” and “Asian” are considered
races, while “Hispanic” is a language or cultural grouping, and the con-
glomerate category of “Asian/Pacific Islanders/American Indian” is often
used to collapse data from many smaller race groups. There is no way to
map these categories directly onto genetic subpopulations, although there is
some broad correspondence between the racial/ethnic labels and the conti-
nent of origin of the ancestral populations.

With the availability of vital statistics on both Hispanics and Asian/
Pacific Islanders, we now have a reasonably clear description of the pat-
terns of common disease in the U.S. racial/ethnic groups (Table 8-1). Health
status will be discussed in more detail in other sections of this volume, the
more limited purpose here is to frame the specific question that needs to be
addressed by a genetic analysis. The first and most striking feature is the
heterogeneity that exists among the groups. The most prevalent notion of
minority health status in the United States is built on the “deficiency model,”
that is, an expectation of poorer outcomes for groups other than whites.
Dismissed in the past as artifactual, the relative advantage enjoyed by His-
panics, despite similar education and income to blacks, is now undeniable.
Characterized as the “Hispanic paradox,” an active research agenda exists

TABLE 8-1 Health Status Measures in Racial/Ethnic Groups in the
United States, 1998

 Age-Adjusted Death Rates*

Cause of Death White Black Hispanic Asian

All causes 450.4 690.9 432.8 264.6
Heart disease 121.9 183.3 84.2 67.4
Coronary heart disease 79.2 92.5 54.7 42.9
Stroke 23.3 41.4 19.0 22.7
Cancer 121.0 161.2 76.1 74.8
COPD 21.9 17.7 8.5 7.4
Pneumonia/influenza 12.7 17.4 9.8 10.3
Liver disease/cirrhosis 7.1 8.0 11.7 2.4
Diabetes mellitus 12.0 28.8 18.4 8.7
HIV infection 2.6 20.6 6.2 0.8
External causes 46.7 68.8 44.7 24.4

Infant Mortality per 1,000 6.0 13.6 5.8 5.5

Life expectancy 77.3 71.3 >80? >80?
(years from birth)

*Per 100,000.
SOURCE: National Center for Health Statistics (2000).
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in epidemiology to explain this counterintuitive finding (Markides and
Coreil, 1986). Unreported “shoebox” burials were said to contribute to
low infant mortality, while a healthy migrant effect and the return of sick
elderly to their country of origin accounted for low adult mortality (James,
1993; Markides and Coreil, 1986). A number of cohort studies now docu-
ment low age-specific death rates in Hispanics, primarily Mexican Ameri-
cans, which cannot be ascribed to these biases (Wei et al., 1996). This
relative advantage is not universal, however; in many Hispanic communi-
ties, obesity and diabetes occur at much greater frequencies than among
whites (Diehl and Stern, 1989; Harris et al., 1998).

On the other hand, black Americans experience higher rates of all the
major causes of death except chronic obstructive pulmonary disease and
liver disease (Table 8-1). The excess rates of cardiovascular disease (CVD)
have long been recognized as being secondary to the high prevalence of
hypertension (Cooper, 1993). Despite high rates of hypertension, coronary
heart disease mortality was lower among blacks than whites over the past
half century, and it was once widely held that blacks were constitutionally
resistant to atherosclerosis (Johnson and Payne, 1984). Rates of coronary
heart disease in blacks now exceed whites (Cooper et al., 2001). Asian
Americans experience remarkably lower death rates, particularly from CVD
(Liao, McGee, and Cooper, 1999). Type II diabetes had been less common
in blacks in the first half of the 20th century; it now occurs twice as often
among blacks as among whites (Harris et al., 1998; Stamler et al., 1979).

Death rates from common malignant neoplasms are highest among
black Americans (Table 8-2). The black excess is found in all the common
forms of cancer except myeloma, and the differences are particularly marked
in the younger age groups. Potential genetic influences are given consider-
able attention in studies of prostate cancer, where blacks have an incidence
twice that of whites (National Center for Health Statistics [NCHS], 2000;

TABLE 8-2 Death Rates from Malignant Neoplasms in Racial/Ethnic
Groups in the United States, 1998

Total* Lung Breast

Racial/Ethnic Group Men Women Men Women Women

White 146 106 49.4 27.4 19.0
Black 208 129 70.8 27.2 26.2
American Indian/ 96 74 33.9 16.5 10.8

Alaskan Native
Asian/Pacific Islander 91 63 24.6 11.2 9.3
Hispanic 93 64 21.4 8.3 12.5

*Per 100,000.
SOURCE: National Center for Health Statistics (2000).
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274 RICHARD S. COOPER

Robbins, Whittemore, and Thom, 2000). Lung cancer has attracted less
speculation, despite a black to white mortality rate ratio of 1.0:1.4; overall,
blacks smoke less than whites, so the etiologic forces at work are obscure
(NCHS, 2000). Breast cancer mortality is higher in blacks than whites, and
at a younger age the excess is twofold; the long-awaited downturn in mor-
tality that began in 1992 has been observed only in whites. Known muta-
tions at the BRCA loci account for a substantial proportion of breast cancer
cases only among women of Jewish ancestry.

Deaths from diabetes and liver disease are higher among Hispanics
than whites, although total mortality is lower and life expectancy among
Hispanics is thought to exceed 80 (Table 8-1). All-cause mortality for
Asians is remarkably low—only 38 percent of the rate among blacks. The
risk of dying from HIV is 2.4 times higher in Hispanics than whites, but 8
times higher in blacks. Infant mortality is lower in Hispanics and Asians
than whites, but more than twice as high in blacks; the persistently higher
rates among blacks are driven in large measure by prematurity and low
birthweight (Kleinman and Kessel, 1987). The prevalence of diabetes is
currently 14 percent among Mexican Americans, 12 percent among blacks,
and 7 percent among whites (Harris et al., 1998).

In general, other measures of health status are consistent with this
overall picture. Self-reported health is rated lowest by blacks and Native
Americans, followed in order by Hispanics, whites, and Asian/Pacific Is-
landers (McGee, Liao, Cao, and Cooper, 1999). These differences tend to
be accentuated with increasing age (McGee, Liao, Cao, and Cooper, 1999).
Similar patterns exist for disability (Liao, McGee, Cao, and Cooper, 1998).
Higher incidence of Alzheimer’s disease has been reported among African
Americans, independent of the prevalence of APOE-4 by some investigators
(Tang et al., 1998), but not others (Bohnstedt, Fox, and Kohatsu, 1994).

Growing sophistication in descriptive epidemiology, particularly re-
lated to CVD and diabetes, has made it possible to model the relationship
between risk factor exposures and subsequent disability and disease rates.
Measurement of smoking habits, blood pressure, and cholesterol in young
adulthood has been shown to predict directly the quality of life and health
care experience of persons over 65 (Daviglus et al., 1998). In broad strokes,
therefore, health among the elderly can be linked to surveillance data on
known exposures. Against this increasingly well-defined epidemiologic
background, we are observing growing inequality by social class and geo-
graphic region, as well as race/ethnicity (Cooper et al., 2001; Pappas, Queen,
Hadden, and Fisher, 1993). Thus, while coronary heart disease rates have
been declining at a rate of about 3 percent a year among whites nationwide,
CVD mortality has turned upward among blacks in Mississippi (Jones et
al., 2000). Blacks in communities located in the center of large cities have
also experienced declining health; life expectancy for black men in Atlanta,
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Baltimore, St. Louis, Los Angeles, and several other cities was less than 60
years in 1992 (Good, 1998).

The contrasts in disease patterns among U.S. racial and ethnic groups
are obviously much more complex than can be described in this brief over-
view. The relevant question for this discussion is how the influence of
genetics on variation in health outcomes among U.S. racial/ethnic groups
might be recognized. The syndromes that have attracted the most attention
are hypertension, asthma, dementia, low birthweight, renal disease, obe-
sity/diabetes, and prostate cancer among blacks and, to a lesser extent,
diabetes in Hispanics and Native Americans; in each instance the markedly
elevated incidence ratios, with whites as the reference group, have fueled
speculation about potential genetic predisposition. The magnitude and con-
sistency of the ethnic differentials, such as in relation to hypertension and
prostate cancer, lends credence to these arguments, although the potential
environmental contribution is universally acknowledged.

A focus on specific syndromes can be misleading, however. It is essen-
tial to remember that the health disadvantage extends across a range of key
public health measures. Although the hypothesis of genetic predisposition
may seem plausible taken one disease at a time, when faced with the pattern
as a whole, the probability that the black disadvantage is primarily genetic
becomes remote. Rather than postulating a genetic cause for each condi-
tion, a more parsimonious explanation would suggest a common-source
exposure to a disease-promoting environment. Likewise, a universal char-
acteristic of the syndromes that vary across ethnic groups, with the excep-
tion of prostate cancer, is a strong social class gradient. Most of these
syndromes have also shown marked secular trends in recent decades, and
the prevalence changes across generations among migrants (Collins, Wu,
and David, 2002). Stated in its complementary form, the entire basis for the
genetic predisposition hypothesis lies in the contrasts in disease rates be-
tween historically defined racial/ethnic populations living in the same coun-
try. Clearly a strong set of assumptions regarding equal levels of exposure
to environmental factors is required to sustain this hypothesis.

Although it is subject to many of the same caveats, a different test of the
racial predisposition hypothesis is provided by comparisons of genetically
related populations in contrasting social settings. All forms of CVD, includ-
ing hypertension, are low in West Africa, and the levels are equal to U.S.
whites in the Caribbean (Cooper et al., 1997a). The evolution of hyperten-
sion risk occurs in parallel with changes in known risk factors (Figure 8-1)
(Cooper et al., 1997a). The blood pressure gap between blacks and whites
is narrow in Cuba (Ordunez-Garcia, Espinosa-Brito, Cooper, Kaufman,
and Nieto, 1998) and between blacks and persons of Indian descent in
Trinidad (Miller, Maude, and Beckles, 1996). Blacks in Brazil have more
hypertension than whites, but the differential is also smaller than in the
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United States (Cooper and Rotimi, 1994; Sichieri, Oliveira, and Pereira,
2001). Obesity and diabetes are infrequent in Africa and among Native
American groups not living in U.S. reservations (Cooper et al., 1997b;
Esparza et al., 2000; King and Rewers, 1991). Diabetes is less common
among blacks than whites in Brazil (Franco, 1992). Asthma and dementia
are less common in Africa than among U.S. blacks (Hendrie et al., 1995;
Litonjua, Carey, Weiss, and Gold, 1999). The rate of prostate cancer in
blacks outside the United States is not yet reliably known, although high
rates have been reported from Jamaica (Glover et al., 1986). Foreign-born
women of African descent have children whose birthweight on average is
close to whites (David and Collins, 1997; Friedman et al., 1993), and the
disparity only emerges after a period of residence in the United States
(Collins et al., 2002). Life expectancy in Jamaica and Barbados is longer
than among U.S. blacks, where the estimated income is 1/30th to 1/5th as
high. Although this pattern is still logically consistent with a predisposition
inherent in blacks that is unmasked by environmental stimuli in the United
States, it demonstrates that genes are not the determining factor in any of
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these examples. To avoid misunderstanding on this point, however, it must
be acknowledged that among members of populations that share a com-
mon environment, genetic susceptibility can play a crucial role in determin-
ing who develops a particular illness; the issue addressed here has been the
variation in aggregate health status among groups across time and place.

In summary, the broad pattern of racial/ethnic variation in disease occur-
rence seen in the United States has formed the basis for strong arguments in
favor of genetic predisposing factors among blacks and, to a lesser extent,
Hispanics and Native Americans. However, the competing hypothesis that
the root cause is embedded in the historical and social circumstances peculiar
to each of these groups is more consistent with the data (Chaturverdi, 2001).
Furthermore, the probability that genes account for the general pattern of
health disadvantage is untenable and it must follow that the claims made, for
example, by investigators studying diabetes, renal failure, hypertension, and
prostate cancer regarding genetic predisposition cannot all be true based on
this joint probability. Likewise, the presence of a strong environmental hy-
pothesis, based on the overall pattern, creates a prior assumption against
genetic predisposition for any given disease. But these arguments are simply
logical inferences; the possibility that genes make an important contribution
to interethnic variation of a major disease cannot be dismissed. The contem-
porary standard will require molecular evidence in order to resolve the ques-
tion of the relative balance of genes versus environment. Nonetheless, as in all
other branches of science, the rules require that the null hypothesis is the only
legitimate starting point; the burden of proof should fall on those who claim
the genetic, not social, content of race is causal.

THE CONTRIBUTION OF GENETIC EPIDEMIOLOGY TO
UNDERSTANDING ETHNIC DISPARITIES

The search for nongenetic explanations of racial/ethnic variation has
occupied epidemiologists for many years, and this experience has important
implications for the study of genetic factors. Traditionally, epidemiology has
placed emphasis on studies that use the individual as the unit of measure-
ment. When group variation is of interest, it is modeled as the average of the
individuals, rather than through any emergent or higher order properties.
Alternatively, a second approach uses ecological analyses and attempts to
analyze social and economic forces that impinge on groups, taking as the unit
of analysis a community or population subgroup. Although risk factor epide-
miology at the individual level has enjoyed enormous success, its limitations
as a tool to understand variations in population health have also been recog-
nized (Koopman, 1996). However, the conceptual framework for ecologic
studies is less well established, and the proposition that economic inequality
and institutionalized racism, for example, should be considered causes of
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278 RICHARD S. COOPER

health status variation generally has not been embraced. However, just as the
scope of biological problems can be defined at different levels—the molecule,
the organism, or the population—the nature of the explanations at these
levels must take different forms (Rose, 1998). Variation in health status
across racial/ethnic groups uniquely requires consideration of social pro-
cesses that are not individual traits, but group-level phenomena.

Genetic epidemiology must also confront this dilemma, albeit under differ-
ent constraints, and fashion methods that are appropriate to understanding
variation among both groups and individuals. Unfortunately, while traditional
epidemiology makes unwarranted assumptions about the role of the individual
in shaping his or her health status independent of social context, the conven-
tional approach to studying genetic influences is guided by the sense that
individuals are endowed with intrinsic qualities by virtue of membership in a
particular race (Cooper and Kaufman, 1998; Kaufman and Cooper, 2001;
Kaufman, Cooper, and McGee, 1997). In both instances, whether standard
risk factors or genetic influences are being studied, the emphasis on inherent
attributes creates a bias against considering social context (Lewontin, 1995;
Rose, 1998). Examples of this effect are particularly apparent in the
“pregenomic era” when inferences about genotype were based exclusively on
data obtained from examination of the phenotype (Brancati, Kao, Folsom,
Watson, and Szklo, 2000; Grim and Robinson, 1996; Robbins et al., 2000).

Indirect Methods of Assessing Genetic Factors as a
Cause of Ethnic Disparities

A variety of indirect methods have been used to assess the contribution
of genetics to interethnic differences in disease susceptibility (Table 8-3). In
one approach the simple demonstration that a trait is heritable, and varies
systematically between groups, leads directly to the inference that observed
differences might be genetic in origin. Characterized as the “heritability
hang-up” by geneticists (Feldman and Lewontin, 1975), these inferences
have no logical basis. A trait can be highly heritable in each of two popula-

TABLE 8-3 Methods to Detect Genetic Effects on Interethnic Variation
in Health
Approach Statistical Method

Indirect Heritability

The “subtraction method”

Molecular Genome scan

Candidate genes
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tions, and the mean difference between them could have nothing to do with
genetic effects. For example, the proportion of the variance that is familial
for height is approximately 80 percent, yet short stature among the Japa-
nese compared to Europeans cannot be ascribed to differential frequencies
of genetic variants. When the Japanese move to the United States, or adopt
a Westernized diet, attained height increases rapidly with each generation.

The second common indirect method involves the attempt to partial
out “environmental” factors by adjusting the trait for covariates and then
arguing that “what is left over,” or the residual effect after subtracting
external exposures, is likely to be genetic (Kaufman and Cooper, 1996).
Because this “subtraction method” has become the standard approach in
epidemiology and continues to be widely applied, it deserves consideration
in some detail. A classic example of this procedure was demonstrated by the
analysis of the difference in blood pressures among blacks and whites in the
screening phase of the Hypertension Detection and Follow-up Program
Cooperative Group (1977). Because a strong social class effect exists for
blood pressure, and blacks and whites differ in socioeconomic status (SES),
the data were stratified by educational level to examine whether the racial
effect persisted (Figure 8-2). In fact, while an SES gradient is observed in
both races, a significant gap exists at equivalent educational categories.
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FIGURE 8-2 Hypertension prevalence by education, whites and blacks; Hyperten-
sion Detection and Follow-up Program.
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The logical basis for the “subtraction method” is deceptively straight-
forward. An investigator begins with the recognition that an exposure,
which, for example, might be correlated with risk of early mortality, occurs
at a higher level in blacks than in whites. Because the relationship between
this exposure and the outcome of interest is confounded, adjustment is
necessary to make an unbiased comparison. The expectation is that if SES
or other exposure variables fully explain the between-group difference,
then equal rates of the outcome will be observed. A residual difference can
then be attributed to intrinsic attributes of the two races, that is, genetics.
For example, when a differential persisted after “controlling for SES,” it
was concluded that “race-related biologic differences contribute to higher
prostate cancer mortality in blacks” (Robbins et al., 2000, p. 493). Noting
that “obesity is not a sufficient explanation” of racial differences in diabe-
tes, it was inferred that “other factors must be involved, and most likely
these are genetic” (Anonymous, 1989, p. 199). Based on similar reasoning,
other investigators concurred that “the most straightforward interpretation
of the observation that African American race has a strong independent
association with diabetes mellitus is that African Americans are more sus-
ceptible . . . than their white counterparts” (Brancati, Whelton, Kuller, and
Klag, 1996). Noting that blood pressures are higher in “Africans, American
Caribbeans and other black populations . . . at the same level of salt
intake,” the conclusion was reached that this “difference is likely to be
genetically determined” (Law, Frost, and Wald, 1991). Similar analyses
have been used to suggest that a genetic cause exists for differences in
obesity, heart failure survival, birthweight, asthma, osteoporosis, and es-
sentially all other traits that vary among racial/ethnic groups (Brancati et
al., 1996; Carson, Ziesche, Johnson, and Cohn, 1999; Van den Oord and
Rowe, 2000).

The “subtraction method” has been criticized (Kaufman and Cooper,
1996, 1999). Using the empirical measures of SES that are available, such
as education, fails to eliminate the difference in exposure to the myriad
factors that constitute the social influences on health for U.S. blacks and
whites. These weak proxies cannot summarize the influence of lifestyle
exposures. If one postulates that only modest residual confounding exists in
these models, the results will be highly biased in favor of a “genetic” effect
when none exists (Kaufman et al., 1997). Conceptually this approach vio-
lates the assumptions necessary in the counterfactual framework used in
epidemiologic research (Greenland and Robins, 1986; Kaufman and Coo-
per, 1999).

From a technical perspective, the statistical models used in epidemiol-
ogy are not designed to address the question being asked by the “subtrac-
tion method.” The primary goal of observational epidemiology is to gener-
ate point estimates of exposure-outcome relationships that can be
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distinguished from the null, that is, to find effects that meet standard crite-
ria for statistical significance. Although the actual size of this effect may be
of some interest, in many cases it is difficult to estimate accurately, given
imprecision in measurement of both the exposure and the outcome. Fur-
thermore, simply knowing that an exposure has a noxious effect (e.g.,
tobacco smoke, environmental lead) can often be sufficient to motivate the
policy to remove or curb this exposure. The “subtraction method,” on the
other hand, presupposes that the variables used in the model capture all or
the great majority of the variance attributable to factors in the environ-
ment. Clearly this assumption cannot be met, and it will never be possible
to measure all of the lifetime contributions of known or unrecognized
exposures. Furthermore, the measurement of many exposures is not com-
parable across groups; for example, earning power at similar levels of
education is very different for blacks and whites, and purchasing power is
different for similar incomes (Auerbach and Kringold, 2001). Contrariwise,
race/ethnicity, as socially defined, is measured with precision and will absorb
the information latent in the confounders, an outcome that would be
apparent if sensitivity analyses were conducted (Kaufman et al., 1997). The
point being made here is not that epidemiologists occasionally rely on fuzzy
logic or fall back on loosely formulated generalizations. Instead, it is being
argued that an inferential process that can offer no evidence for or against
the hypothesis is central to the analysis strategy epidemiologists have used
to study race.

In fact, the “subtraction method” has so many limitations and biases
that the relevant question becomes, why has it been accepted as the stan-
dard approach? Whatever more general speculation might be invited by this
question, it seems clear that a strong a priori assumption about the essen-
tialist nature of race is required before the “subtraction method” makes
sense as an analytic tool. The contribution of genetics to interethnic varia-
tion for most health traits remains completely unknown, making this a
legitimate area of controversy. However, the current indirect methods are
incapable of generating empirical evidence on this question, any more than
alchemy can advance the field of chemistry. Faith in the potential of these
methods, and the uncritical willingness to use them, demonstrates instead a
belief that race, as currently operationalized in public health, codes for
substantial information about genetic factors that influence disease suscep-
tibility.

In addition to the methods that attempt to estimate genetic effects in a
semiquantitative way, a substantial literature on racial/ethnic variation in
health simply posits a genetic cause and argues that any observed differ-
ences could be the explanation. A group of investigators recently justified
this approach by pointing out—correctly—that it represents accepted prac-
tice: “Because of observed group differences in the risk of hypertension . . .
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research continues to treat these groups as distinct biological entities and
investigates the genetic factors that might account for the differences . . . ”
(Brewster, Clark, and van Montfrans, 2000, p. 1541). Within this frame-
work they proceeded to “hypothesize that the genetic factor increasing the
ability of black people . . . to develop higher blood pressures . . . is greater
total intracellular activity of the central regulatory enzyme of energy me-
tabolism, creatine kinase . . .” (Brewster et al., 2000, p. 1541). Unfortu-
nately for this argument, while racial differences in creatine kinase activity
have been reported, no evidence links creatine kinase with hypertension
and no genetic mechanisms are identified; why someone would propose this
physiologic measure as a cause of black-white differences in hypertension is
therefore obscure.

Postulating that any observed group differences could be a cause invites
a serious risk of Type I error. For example, similar theories, based on
intracellular calcium, telomere length, insulin resistance, renin secretion,
kallikrein, beta-hydroxylase, growth factors, melanin, cation transport, and
a host of other physiologic traits, all of which lack an established causal
relationship to hypertension, have been proposed as “genetic causes” of the
excess hypertension in blacks (Cooper and Kaufman, 1998; Cooper and
Rotimi, 1994; Fekete et al., 1996; Fray and Douglas, 1993; Gillum, 1979;
Saad et al., 1991). In the same manner, a difference in resting metabolic rate
between blacks and whites has been advanced as a cause of the excess
obesity among blacks, even though no causal link between resting meta-
bolic rate and obesity has been established (Kimm et al., 2002; Morrison,
Alfaro, Khoury, Thornton, and Daniels, 1996; Yanovski, Reynolds, Boyle,
and Yanovski, 1997). It is hard to conceive of stronger evidence of a com-
mitment to an essentialist notion of race than exemplified by this literature.

Molecular Approaches to the Study of Genes That Could Influence
Interethnic Variation in Health

The current challenge in the study of interethnic variation in health is
how to move from inferences based on the phenotype, which is a product of
the interaction between genes and environment, to those based on geno-
type. Because this territory is almost entirely uncharted in studies of hu-
mans, assumptions must be made about the likely magnitude and distribu-
tion of the effects that should be sought (Clayton and McKeigue, 2001).
For any given genotype-phenotype relationship, an inverse relationship ex-
ists between the size of the effect of a given variant and the number of
variants involved. For diseases like hypertension, where many genetic vari-
ants are likely to be involved, it therefore follows that the effect of any one
variant will be small. Contrariwise, in monogenic disorders a single muta-
tion can have a devastating effect. Because single gene disorders generally
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confer a selective disadvantage, these mutations are infrequent in number
and are maintained at a low rate in the population. Unique among mono-
genic disorders, sickle cell disease and related red cell defects have attained
high frequency in endemic malaria regions. Despite the attention they have
received, in industrial societies like the United States these monogenic dis-
eases make a negligible contribution to interethnic variation. Based on the
calculation of excess deaths, for example, hematologic disorders account
for only 0.3 percent of the black-white differential (Cooper, 1984).

One gene with a large effect is easier to find than many with small
effects, and the great successes of molecular genetics to date have been in
monogenic disorders. The contradiction between studying the rare genetic
disorders and the public support required for “big science” has not been
lost on geneticists, however. As noted in a recent editorial, with the Human
Genome Project coming to an end, the challenge to biologists is to “make
the genome relevant to public health. This relevance will not be found by
identifying genes associated with rare hereditary diseases, but by . . . (tack-
ling) . . . the common, complex diseases” (Anonymous, 2002, p. 199).
Accordingly, over the past decade, genetic epidemiology has shifted its
focus dramatically from monogenic to common chronic diseases, driven in
large part by the new opportunities for molecular analysis (Collins, Lonjou,
and Morton, 1999; Lander, 1996; Lander and Schork, 1994). Conditions
that have public health impact, like hypertension, diabetes, atherosclerosis,
obesity, and the common cancers, are now being subjected to intense scru-
tiny.

Although several variants are assumed to combine to create susceptibil-
ity to these traits, whether they are oligogenic (determined by moderate
numbers of variants, each with moderate effects) or fully polygenic (many
variants, each with small effects) is still unknown. No matter which model
is adopted, the search for these variants has been challenging (Chagnon,
Perusse, Weisnagel, Rankinen, and Bouchard, 2000; Doris, 2001; Levy et
al., 2000; Risch, 2000) and the weak impact of individual variants may be
the least of the problem. While most chronic conditions have substantial
genetic components, as demonstrated by the familial aggregation, environ-
mental exposures are likely to play the dominant role. Interactions of these
environmental factors, many of which may still be unidentified, with the
genetic substrate create complex patterns that are still difficult to conceptu-
alize and even harder to measure.

Defining genetic factors that account for interethnic variation in health
is dependent on the success of this “gene hunting” operation in a stepwise
process. First, influential variants must be identified, and then their effect
and frequency compared across groups. Two general approaches are cur-
rently being used in this first stage to search for the genetic variants. Anony-
mous markers that do not code protein sequences are genotyped in family
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members, and the co-segregation of chromosomal segments with the phe-
notype is used to localize potential variants. This method, known as the
“genome scan,” relies on linkage between the marker and the trait, and has
been applied with great success to monogenic disorders. At the next stage,
“positional cloning” is used to identify the variant itself. A second, comple-
mentary approach postulates candidate genes at the outset, from physiology
or animal experimental research primarily, and tests specific variants in
these genes. The candidate gene approach can use linkage analysis, based
on related individuals, or the case-control design, known in genetic epide-
miology as an “association study.”

Finding Genes: The Genome Scan Approach

A broad experience with genome scans now exists, involving traits that
range from blood pressure and height to psychiatric disorders (Doris, 2001;
Hirschhorn et al., 2001; Laitinen et al., 2001; Levy et al., 2000; Province et
al., 2003; Wu et al., 2002). As already suggested, this method has met with
only modest success when applied to complex traits (Altmuller, Palmer,
Fischer, Scherb, and Wjst, 2001; Hugot et al., 2001; Risch, 2000; Tavtigian
et al., 2001). The statistical power of this method—that is, the ability to
find an influential locus if one exists—is limited, while the risk of a Type 1
error—false-positive results—is high. If, for example, the total genetic vari-
ance associated with a trait is 30 percent, and 10 genes are involved, then
the method needs to have sufficient power to detect average effects of 3
percent. In general, power for most genome scan studies is only adequate
for effects in the 10 to 20 percent range. On the other hand, these assump-
tions may not be entirely realistic because it is unlikely that the impacts of
various susceptibility genes are evenly distributed, and there is reason for
optimism that some loci influence a good deal more than 3 percent of the
variance in some families.

Given the focus here on the potential contribution of genes to intereth-
nic variation in health, a detailed summary of the accomplishments based
on the genome scan as an aid to cloning susceptibility genes is not neces-
sary. The application of the genome scan approach is still at the first stage
for most conditions—attempting to find reproducible evidence of linkage to
particular chromosomal regions (Chagnon, Perusse, Weisnagel, Rankinen,
and Bouchard, 2000; Doris, 2001). However, some consistency has begun
to emerge. Obesity, a continuously distributed trait with a polygenic inher-
itance pattern, can serve as an illustrative example. Evidence of linkage
using the genome scan approach has emerged in several studies for regions
on chromosomes 3 and 7 (Chagnon et al., 2000). In a meta-analysis of
6,800 individuals from four ethnic groups, a region on chromosome 3 was
linked to obesity in more than one of the racial/ethnic populations and in
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the combined sample at a high level of statistical significance (log odds =
3.6) (Wu et al., 2002). With independent replication in multiple population
samples, some confidence is warranted in the linkage finding on chromo-
some 3; the second stage, pulling a causal variant out of a region spanning
10 to 20 million nucleotides, is nonetheless daunting. Hypertension appears
to be more resistant to this approach, where even more inconsistency across
racial groups has been observed (Doris, 2001; Province et al., 2003), and
studies of psychiatric disorders also have been hard to replicate (Pato,
Schindler, and Pato, 2000). On the other hand, the number of influential
genes may vary across traits, making some easier to unravel than others,
and enhanced analytic tools are being developed for both the laboratory
and statistical methods that may reduce the technical obstacles.

A more general problem related to genes and ethnic disparities emerges
from this literature. The interpretation of genome scans from various ethnic
population samples immediately confronts a dilemma: Should we regard
these populations as separate entities? In other words, having undertaken a
genome scan involving whites and blacks, should we pool the results, or
treat them as separate samples? If we find differences between the two
samples, should we regard these as an indication that different genetic
effects exist in the two groups, or should we conclude simply that they are
the result of sampling variation, as might occur with repeated studies in the
same ethnic group? Given our ignorance about the existence of subunits
within the human species, or their correspondence to groups we label as
races, there is no a priori basis for conducting analyses separately. Techni-
cal problems arise in linkage analysis when divergent populations are pooled
because the allele frequencies of the “microsatellite” markers may vary
across groups, but this limitation can be overcome. From this perspective, it
is illuminating to observe that all analyses performed to date have carefully
adhered to the principle of distinguishing among population groups as if
they were genetic categories. Furthermore, some analysts have concluded
that different results obtained in samples of blacks and whites provide
evidence of different underlying genetic effects (Collaborative Study on the
Genetics of Asthma, 1997), a conclusion that, even in the short interval that
has passed since the work was conducted, can be recognized as wholly
unjustified. As with indirect methods, the internal evidence from within the
discipline on the conduct of this research demonstrates a commitment to a
concept of race that has its provenance outside science.

Finding Genes: The Candidate Gene Approach

An even more extensive literature exists for candidate genes, given the
less demanding technical requirements for this design compared to the
genome scan. The approach to this enormous field, as above, must be to
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focus on an illustrative example. Hypertension is the most common disease
trait in our population, with a lifetime risk approaching 90 percent, and a
population-attributable risk for mortality of about 10 percent (Vasan et al.,
2002). It has been recognized since the 1930s that black Americans have a
prevalence rate that is twice as high as found among whites, and hyperten-
sion is the largest single contributor to the black-white disparity (Cooper
and Rotimi, 1997). Uncontrolled hypertension is a direct cause of stroke,
coronary heart disease, renal failure, heart failure, and vascular dementia.
The detailed understanding of the physiology of hypertension has made it
possible to identify a large number of candidate genes. The renin-angio-
tensin system (RAS), which plays a key role in regulating salt and water
metabolism and maintaining vascular tone, has been particularly well studied.
The RAS has four principal components. Angiotensinogen (AGT), the pro-
tein substrate produced by the liver, circulates in excess in the plasma and is
cleaved by renin to make angiotensin-I (Ang-I). Ang-I is rapidly cleaved by
the angiotensin converting enzyme (ACE) to Ang-II, which then interacts
with tissue receptors. Heralding a false spring early in the course of candi-
date gene research, investigators from Utah and France demonstrated that a
highly significant association of variants in the AGT gene influenced both
circulating AGT levels and risk of hypertension (Jeunemaitre et al., 1992).
Identification of an easily typed marker in ACE—the so-called “insertion/
deletion” or “I/D” marker—provoked an outpouring of publications on
this gene as well. Subsequent meta-analyses suggested modest effects for
variants in these two genes (Soubrier, 1998; Staessen et al., 1999), although
much of this literature was negative.

Because it has been well characterized, the RAS provides a useful sum-
mary of the current state of knowledge regarding candidate genes and their
potential impact on interethnic variation in health. The ACE gene is com-
posed of a sequence of 24,000 nucleotides, of which 75 are known to vary.
The first problem confronting the genetic epidemiologist is how to summa-
rize and manage this variation. The vast majority of research to date has
used only one variant in a gene to capture all the genetic information, and
it is generally not known whether this marker is causal, simply linked
physically to (i.e., confounded by the presence of) other causal variants at a
neighboring site, or uninformative about hidden causal variants.

Attempting to address these questions immediately provokes the more
fundamental question posed earlier: What is the scope of human genetic
variation and how do we measure it? Variation can be reasonably summa-
rized in two ways. The most basic unit of genetic information is the base
pair, known as the “single nucleotide polymorphism” (SNP) when it is
found in more than one form. Given the nature of evolution, and the
relative youth of our species, large segments of chromosomes are found in
identical “blocks,” as one might expect in large families (Reich et al.,
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2001). These blocks, sometimes referred to as “haplotypes,” span large
distances in the genome, and the SNPs within these blocks are inherited in
a fixed pattern (i.e., all SNPs in the blocks are in the same form). In many
instances only two or three different blocks will be present in the popula-
tion. In addition to the specific SNPs, the size and distribution of the
haplotypes also characterize the diversity within a population, reflecting the
combined effects of age and size.

Initial work on ACE linked the I/D variant to circulating levels of
the enzyme (Rigat et al., 1990). However, this variant was found in an
intron, or a noncoding segment of the gene, and was simply linked to the
causal variants. The challenge then became one of dissecting the ACE
gene into sufficiently small segments to isolate the causal SNPs. Analysis
of the ACE gene in a large number of individuals confirmed previous
findings of greater genetic diversity in persons of African origin (Zhu et
al., 2000). A total of 28 haplotypes were identified among blacks, while
only 3 occurred in moderate frequency among Europeans (Zhu et al.,
2000). The high information content available in the African-origin
samples in turn made it possible to conduct fine mapping studies, that is,
to localize effects within the gene. Two areas were identified that ap-
peared to influence ACE levels. Subsequently these techniques were ap-
plied to a sample of Nigerians and a moderately strong association with
blood pressure was confirmed in the same manner (Zhu et al., 2001).
The limited haplotype diversity present in the European samples at this
particular locus would not have permitted similar analyses (Reich et al.,
2001; Zhu et al., 2003a), although there is no reason to think that the
effect varies between ethnic groups.

Ultimately molecular epidemiology requires identification of the varia-
tion in DNA sequence that causes variation in the phenotype. Hundreds of
mutations have been found in many monogenic disorders, such as cystic
fibrosis and retinitis pigmentosa (Cystic Fibrosis Genetic Analysis Consor-
tium, 1994; RetNet1), although a few common variants account for most
cases. The impact of these variants on the phenotype can in some instances
be little influenced by the environment. In polygenic disorders, however,
the effects of different variants within the same gene and variants in differ-
ent genes are obviously more subtle and complex. Certain effects will be
present only in certain environments, and interactions between sets of ge-
netic variants are also likely to occur.

In effect, there is no abstract “genetic effect” because the actions of
genes are only detectable by their influence on a phenotype, and therefore
the product of a particular environment. Given that the mixture of environ-
ment and genetic background may vary across racial/ethnic populations, in
many instances it may be difficult to isolate the causal genetic effect sepa-
rately from the environmental effect. Certainly it will be difficult to summa-
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rize all the possible genetic effects into an overall estimate of the relative
degree of susceptibility of two populations.

Pharmacogenetics

In addition to the potential role that genetic variation might play in
disease susceptibility, there is currently great interest in whether the re-
sponse to therapeutic drugs can be predicted by genotype. The most impor-
tant aim of pharmacogenetics is to sort patients into “responders” and
“nonresponders,” thereby improving the efficiency of the medical encoun-
ter. The complementary aim is to identify persons who might be at high risk
of severe side effects from a particular drug. A parallel interest exists in
whether these responses vary by race. Given the widespread use of drugs for
chronic conditions, particularly among the elderly, the public health impli-
cations of relative efficacy could be substantial.

The frequencies of polymorphisms affecting drug metabolism do vary
among population groups (McLeod, 2001). The critical question, as in
other applications of the race concept, is whether this classification scheme
improves or harms our understanding of the variation we observe. Using
molecular techniques, a direct test can be made of the question of whether
or not geographic patterns of genetic variation structure interindividual
variation in drug response (Wilson et al., 2001). To test this hypothesis,
microsatellite markers, similar to those used in genome scan analyses, were
typed on individuals from eight regional populations and the population
structure—the degree of genetic relatedness of the groups—was inferred
(Wilson et al., 2001). Genotyping was then conducted on polymorphisms
in drug-metabolizing enzymes of the cytochrome p450 system. Finally, a
comparison was made of the relative accuracy with which variants in the
enzymes were predicted using standard ethnic labels versus the genetic
clustering algorithm (Wilson et al., 2001). Two important results emerged.
First, adding molecular data to the classification process improved predic-
tion over ethnic labels for three of the four enzymes examined. However,
both schemes were relatively ineffective at predicting individual responses,
reminding us again that variation among individuals is orders of magnitude
greater than variation among population groups. Pharmacogenetics con-
fronts the same dilemma faced over the years by epidemiology; despite the
perceived meaning of race, and its enormous currency in social life, the
genetic content of these categories never meets our expectations.

Focused candidate gene studies have started to yield positive results,
however. Hypertension presents an attractive opportunity for pharmaco-
genomics. Heterogeneity in drug response exists among individuals and
across classes of agents and, because lifelong therapy is required, tailored
prescribing could be more effective than “trial-and-error” methods. In a
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sample of 387 patients, the blood pressure response to a therapeutic chal-
lenge with a diuretic was examined after stratifying on a marker associated
with the “G protein” (Turner, Schwartz, Chapman, and Boerwinkle, 2001).
Among persons homozygous for the T allele, the fall in systolic blood
pressure was 16 mmHg, compared to 10 mmHg among persons with the
opposite genotype (Turner et al., 2001). Although no differences were noted
in the degree of response by genotype among blacks and whites, the preva-
lence of the T allele was much higher among blacks than whites (Turner et
al., 2001). A recent report of a nutritional intervention also showed a
markedly different response in blood pressure on the basis of a genotype in
the AGT gene (Svetky et al., 2001). Again, the “at risk” allele was more
frequent in blacks than whites (Svetky et al., 2001). Taken together, these
studies suggest that provocative interventions may be more effective at
unmasking genetic effects, at least for blood pressure, and open new oppor-
tunities to define the role of candidate genes. Likewise, they present the first
reasonable evidence that factors conferring genetic susceptibility to hyper-
tension may be differentially distributed among these population groups.
However, only limited marker sets were examined in both of these studies
and replication certainly will be required (Yancy, 2001).

A related controversy has arisen over the interpretation of differences
among ethnic groups in drug response seen in treatment trials. In a post hoc
analysis of a randomized trial of ACE inhibitors for heart failure, the drug
was found to reduce the rate of hospitalization significantly more in whites
than in blacks (Exner, 2001). Reanalysis of two other small heart failure
trials also demonstrated nonsignificant racial differences in response to
treatment with ACE inhibitors (Carson et al., 1999). Based on this evi-
dence, a request was approved by the Food and Drug Administration to test
a non-ACE inhibitor drug for heart failure as the first “race-specific”
therapy. Attempts to drop inclusion of ACE inhibitor therapy for blacks as
part of quality assurance requirements were also reported (Masoudi and
Havranek, 2001). However, the evidence in support of this race-specific
effect has been challenged. The original analysis was based on the rate of
hospitalization, only one of the nonfatal end points from the large Studies
of Left Ventricular Dysfunction (SOLVD) (Exner, 2001). When develop-
ment of heart failure symptoms was examined in SOLVD, the relative
efficacy of the ACE inhibitor was the same in blacks and whites (relative
risk 0.58 versus 0.55, respectively) (Dries, Cooper, Strong, and Drazner,
2002). Most likely the original result obtained by Exner (2001) was due to
a Type 1 error. Drug choice is increasingly dictated by the evidence from
clinical trials; there is currently no basis for thinking that race should
override trial evidence. A treatment that has been unequivocally estab-
lished, like ACE inhibition, must be assumed to work in all subgroups of
humans.
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WHAT IS THIS THING CALLED RACE?

As evident from the preceding sections, it is being argued here that race
is the organizing principle of the debate over genes and ethnic disparities.
There is essentially no distinction, it is further argued, between the popular
notions of race that are absorbed into consciousness as categories inherent
in nature, like gender or species, and the concept of race as applied in
biological research. But an external event is now impinging on the social
process that creates and maintains this idea—molecular genetics has given
us probes that make it possible to explore the biologic reality behind the
accepted beliefs. The moment is not too far off when the race concept will
acquire an empirical foundation, displacing, or at least challenging, its
ideological claims. Can we predict what this concept might look like?

As with all branches of science, accretion of data around a new con-
struct requires a symbolic or metaphorical image to represent the abstract
notion that is the organizing principle. Revisiting earlier questions after the
excursion through genetic epidemiology, we can now ask, what image
should we use to describe the shape of the collective human genome? The
sequencing phase of the Human Genome Project has spawned a variety of
metaphors, usually related to the basic theme of the “letters in the alphabet
of biology” or the “Book of Life.” Ignoring the inevitable letdown that
followed the “genome hype,” the publication of the human sequence has
not immediately opened new vistas on the biological world (Anonymous,
2002; Lewontin, 2000). This occurred in part, of course, because we do not
know how to read this alphabet. Years of painstaking molecular biology
will be required to decipher the individual signals encoded in the genome,
most of which are shared across the biological world. On the other hand,
current technology is reasonably well suited to the challenge of describing
the overall pattern of variation within the species (Reich et al., 2001;
Romualdi et al., 2002). This exploration, as argued previously, should
inform our understanding of the concept of race.

The technical study of human genetic variation traditionally has fallen
within population genetics. A major experimental tool has been the estima-
tion of genetic distance as a means of reconstructing ancestral relationships
and the history of geographic dispersion (Cavalli-Sforza et al., 1996). Typi-
cally this research program has relied on the metaphor of the tree, placing
various modern populations on branches with ever-increasing degrees of
separation. As a means of representation, the phylogenetic tree is more of a
diagram than a symbolic image, and geneticists are appropriately skeptical
of the broad implications of this classification scheme for phenotypic traits.
Genetic distance by itself is not meant to imply that populations could not
share genetic variants. Given their encounters with data, as well as the past
association with eugenics, many geneticists question the value of racial
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distinctions (McLeod, 2001; Wilson et al., 2001). Nonetheless, the image of
the tree places emphasis on degrees of separation and subverts the question
of similarity, or the relationship of the parts to the whole.

A different image is more widely used than the phylogenetic tree. In the
popular mind, race is accepted as an important, albeit imprecise, proxy for
heritable influences on traits ranging from IQ to obesity (Herrnstein and
Murray, 1994; Kimm et al., 2002). The image employed is the normal
distribution, with the mean of one population group shifted relative to the
other. The genome is conceived of as a fixed, independent cause, projected
directly onto the phenotype, without the filtering or conditioning effect of
environment. By measuring the distribution of a trait, such as height or
blood pressure, we can therefore infer the distribution of the underlying
genetic determinants. Developed in its most complete form in relation to
IQ, but borrowed wholesale by public health, this construct provides the
foundation for the hypothesis of discrete “genes for intelligence” or “genes
for hypertension” (Muntaner, Nieto, and O’Campo, 1996).

Just as the discovery of microorganisms transformed our understand-
ing of infection, the ability to measure genotype challenges previous con-
cepts of human variation. First and foremost is the question, do racial
categories delimit human variation in a meaningful way? Or, as 19th cen-
tury biologists would say, are we “carving nature at the joints?” Since the
first scientific speculation on the genetic composition of our species, the
discrete versus continuous nature of variation has been a central contro-
versy. To support his general argument that evolution shaped the biological
world and united it as a single whole, Darwin (1981, p. 194) resisted the
notion of racial categories:

[T]he most weighty of all the arguments against treating the races of man
as distinct species, is that they graduate into each other, independently in
many cases, of their having intercrossed. Man has been studied more
carefully than any other organic being, and yet there is the greatest possi-
ble diversity amongst capable judges whether he should be classed as a
single species or race . . . . This diversity of judgment does not prove that
the races ought not to be ranked as a species but it shows that it is hardly
possible to discover clear distinctive characters between them. Every natu-
ralist who has had the misfortune to undertake the description of a group
of highly varying organisms, has encountered cases precisely like that of
man; and if of a cautious disposition, he will end by uniting all the forms
which graduate into each other as a single species; for he will say to
himself that he has no right to give names to objects which he cannot
define.

This question can now be reformulated in the technical language of
molecular genetics. A contemporary version is summarized by Templeton
(1999, p. 647):
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Race is generally used as a synonym for subspecies, which tradition-
ally is a geographically circumscribed, genetically differentiated pop-
ulation. Sometimes traits show independent patterns of geographic
variation such that some combination will distinguish most popula-
tions from all others. To avoid making “race” the equivalent of a
local population, minimal thresholds of differentiation are imposed.
Human “races” are below the thresholds used in other species, so
valid traditional subspecies do not exist in humans. A “subspecies”
can also be defined as a distinct evolutionary lineage within a species.
Genetic surveys and the analyses of DNA haplotype trees show that
human “races” are not distinct lineages, and that this is not due to
recent admixture; human “races” are not and never were “pure.”
Instead, human evolution has been and is characterized by many lo-
cally differentiated populations coexisting at any given time, but with
sufficient genetic contact to make all of humanity a single lineage
sharing a common evolutionary fate.

The evidence for this common evolutionary lineage, with its origins in
Africa, continues to emerge with increasing clarity as genomic science ad-
vances. Recent developments now demonstrate this phenomenon at the
level of the organization of the genome. As described previously, DNA
variants that are physically close to each other tend to be correlated, that is,
two individuals who inherit a particular variant at a locus will tend to share
the variants found at loci in close physical proximity on the same chromo-
some. This result occurs because “blocks” or pieces of chromosome are
passed down over time through the population (Reich et al., 2001; Stephens
et al., 2001). This pattern of sharing is dissipated as the distance between
variants increases. If, however, race or ethnicity defines a natural unit
within the species, then variants at physically unlinked loci (e.g., on differ-
ent chromosomes) also should be shared more commonly among members
of that race. A more general way to formulate this question is to ask, to
what degree is there structure in the human genome? Massive genotyping
experiments based on randomly selected segments of the human genome
have made it possible to test this question directly (Gabriel et al., 2002;
Reich et al., 2001; Stephens et al., 2001), revisiting with genetic data
Lewontin’s analysis based on variation in proteins (Lewontin, 1972, 1974).
These efforts are ongoing, but, initial results suggest that although the
distribution of variants from representative continental populations cannot
be considered entirely random, the degree of correlation among unlinked
markers is negligible in quantitative terms (Romualdi et al., 2002). Thus,
although variation among populations exists for some genetic variants, this
variation is not aggregated or “packaged” in demographic units, but for the
most part occurs piecemeal or random; it is continuous over space rather
than occurring in discrete categories (Romualdi et al., 2002). One cannot
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reliably predict the probability of unknown variants from the frequencies of
known variants.

The Practical Implications of Race for Public Health Today

The question that race brings to public health is not whether random
polymorphisms aggregate, but whether disease variants aggregate. While it
is possible, although unproven, that some individual variants could be
particularly influential, it is usually assumed that susceptibility to complex
diseases involves the sum of many variants, and these variants occur at a
relatively high frequency in the population—the so-called “common dis-
ease-common variant” hypothesis (Chakravarti, 1999; Lander, 1996). Dis-
tributed across the genome, each locus will have a weak effect, and a
complementary set of these variants is necessary to create susceptibility.
Alternatively, there could be many rare variants that in combination confer
susceptibility (Pritchard, 2001). As noted earlier, the effects of these muta-
tions are likely to be uniformly small, although the possibility does exist
that some genes could have moderate to large effects.

These assumptions have considerable relevance for interethnic varia-
tion. Common genetic mutations are by necessity old, given the time re-
quired for them to become widely distributed, and they are usually found in
all ethnic groups (Halushka et al., 1999). The “common disease-common
variant” hypothesis would therefore lead to the conclusion that the impor-
tant disease-susceptibility mutations are distributed in a global pattern. On
the other hand, rare variants would have most likely arisen after dispersion
from Africa. For example, the mutations underlying Tay-Sachs and cystic
fibrosis, which occur frequently in European subpopulations, are rare in
Africa. Just as the mutations for these monogenic disorders are unequally
distributed in ethnic groups, rare variants with large effects on chronic
diseases could be spread unevenly in modern populations. However, if the
“common disease-common variant” hypothesis is correct, as seems most
likely, multiple polymorphisms would have to be present in one population,
but absent in others.

What mechanisms could therefore be involved in generating the clus-
ters of susceptibility variants necessary to create excess risk in an ethnic
population? Two plausible mechanisms can be invoked—the play of chance
or evolutionary selection. Influential variants could be differentially distrib-
uted by chance in particular ethnic groups, and this must occur to some
extent. Viewed across all conditions, however, one would expect a bal-
anced pattern of advantage and disadvantage when comparing large popu-
lations. As argued earlier, the possibility that chance could have created the
pattern of health differentials seen in the United States, particularly the
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pervasive black disadvantage, is so remote as to be implausible. As the basis
for variation in any single disease, chance cannot be ruled out, but it should
be an explanation of last resort, particularly if one assumes a combination
of several variants is required. In terms of a general principle, we are left
with selection as the main organizing theory.

Could selection have created racial variation in susceptibility to the dis-
eases of late adulthood that have emerged in industrialized society? Most of
the diseases of public health concern were not subject to selective pressure in
the past. Nonetheless, some of the underlying traits—such as blood pressure
and body composition—probably were because survival value would be at-
tached to adequate functioning of these systems. Variation in susceptibility to
common disease among regional populations therefore could have resulted
from differential selective pressure in varying environments. This model, of
course, has been used successfully to explain the variation in sickle cell and
thalassemia. Likewise, it must apply to skin pigmentation, although the
mechanism has been difficult to establish (Robins, 1991). Several attempts
have been made to transfer this model to chronic conditions, such as blood
pressure and obesity that result from dysregulation of physiologic systems
under the stress of the modern lifestyle. The “slavery hypothesis” was devel-
oped to explain excess hypertension in blacks based on the proposition that a
bottleneck, or a severe restriction of the population diversity, occurred during
the “middle passage.” This hypothesis states that selective mortality caused
by salt-wasting disorders created genetic susceptibility to hypertension among
the surviving African Americans who avidly retained salt (Grim and
Robinson, 1996; Wilson, 1986). The “thrifty gene” hypothesis argues that
the selection advantage against starvation conferred by an ability to store
excess calories as fat is the cause of diabetes in Native Americans and Pacific
Islanders (Hegele, 2001; Neel, 1999; Ravussin and Bogardus, 1990; Weiss,
Ferrell, and Hanis, 1984).

In effect these hypotheses are an attempt to apply the race concept and
are subject to the general criticisms outlined previously. In addition, more
specific tests can be proposed. For example, the historical evidence does not
support high mortality during the “middle passage” of slavery and there is no
genetic evidence of a “bottleneck” that narrowed diversity among blacks in
the Americas (Curtin, 1992; Gabriel et al., 2002; Zhu et al., 2003b). To the
contrary, evidence exists for a demographic bottleneck during the formation
of the European population (Reich et al., 2001). The epidemic of obesity and
subsequent diabetes has now overwhelmed so many racial and ethnic groups
that this particular “thrifty gene” must be a human gene; diabetes occurs at
an equally high prevalence among such disparate groups as black Americans,
Mexican Americans, Australian Aborigines, Polynesians, Chinese in Mauritius,
and Saudi Arabians (Franco, 1992; Harris et al., 1998; King and Rewers,
1991; O’Dea, Spargo, and Nestel, 1982). Despite these shortcomings, the
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“slavery hypothesis” and the “thrifty gene” struck a responsive chord and
have achieved wide acceptance. Again the interesting question becomes, why
are these “just so” stories embraced as fact? As with the other examples
discussed here, the concept of race creates a belief structure that is receptive
to explanations built on genetic determinism.

Race as a Diagnostic Test for Genetic Disorders

Race could serve as a surrogate marker for risk of specific single-gene
mutations. In formal terms the precision of “race as a diagnostic test” can
be evaluated using the standard clinical measures of sensitivity, specificity,
and predictive power. The broadest public health experience with this ap-
plication lies with postnatal screening for sickle cell (Centers for Disease
Control and Prevention, 2003). After the demonstration that penicillin was
effective in life-threatening infections in newborns with sickle cell, neonatal
screening programs were initiated. In the initial phases only black infants
were screened. However, it was soon recognized that sensitivity, or the case
detection rate, was not optimal. Black race is not a reliable marker for the
prevalence of sickle cell disease in the United States (Table 8-4). In many
states universal screening has now been implemented, increasing the num-
ber of cases identified by as much as 30 percent (i.e., sensitivity before
universal screening was only 70 percent, which is inadequate for a screen-
ing procedure).

In a contrary example, the high prevalence of Tay-Sachs among
Ashkenazi Jews permits more focused screening for this condition (Khoury,
2000). It may also be possible that other genetic mutations could vary so
markedly by race/ethnicity that targeted screening or interventions will be
justified, but the nonassortative mating common in multiethnic societies
will dilute this effect, and the example of sickle cell is probably more
typical.

TABLE 8-4 Racial/Ethnic Variation in the Prevalence of
Sickle Cell Disease Among Live Births, 1990

Racial/Ethnic Group Prevalence*

White 2
Black 289
Hispanic, total 5
Hispanic, eastern states 90
Hispanic, western states 3
Asian 7
Native American 36

*Per 100,000.
SOURCE: CDC, Office of Genetics and Disease Prevention.
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It is still difficult, however, to define in practical terms the independent
public health role of race as a marker for genetic susceptibility. If it is
important to know whether a patient has a variant that confers susceptibil-
ity or an unusual drug response, it will have to be measured directly,
although targeted screening may be justified in some instances. Community
surveillance data on disease incidence, not inference from race, is likely to
remain the only reliable measure on which to base public health interven-
tions.

GENETICS AND THE HEALTH STATUS OF BLACK AMERICANS

No discussion of genetic factors and racial/ethnic disparities would be
complete without consideration of the contrasts drawn between Africans
and non-Africans. The first imperative derives from the undeniable central-
ity of distinctions between black and white as the basis of the meaning of
race. Although the history of assimilation into U.S. society has many chap-
ters, and they all include stories of hard times, discrimination, slavery, and
institutionalized racism directed at persons of African descent have inflicted
the deepest wounds. Secondly, the public health goal of “eliminating dis-
parities” takes its meaning from the health disadvantage among blacks
summarized in Table 8-1. Urgent health problems exist for many U.S.
subpopulations, but a uniform pattern of disadvantage, stretching from
perinatal health to dementia and reduction of life expectancy, is found only
among black Americans. Finally, the impact of race on other aspects of
social life, such as housing, education, and employment, is more significant
among blacks.

Africa entered the modern world through a distinctive route. Having
nurtured the physical development of our species and generated the founda-
tional ideas of “Western culture” in Egypt (Bernal, 1987), Africa fell behind
in the development of technologically based societies. Reunited with the
mainstream of Western history through the slave trade and colonialism,
Africans remain subject to domination by a persistently hostile culture
wherever they live (Gilroy, 1993; Gossett, 1973; Oliver and Atmore, 1992).
Consequently Africans on the continent have not shared the material ben-
efits of the capitalist economy and the modern nation state, while their
descendants abroad have been excluded from full citizenship in the coun-
tries that they did so much to build. This historical framework determines
not only the current health status of black populations, but the way in
which this health status is studied and explicated.

In response to the challenge posed by empirical notions of inheritance,
Europeans excluded Africans from the “human race” (Gossett, 1973;
Gould, 1981; Montagu, 1964). As the science of genetics matured in tech-
nical and theoretical capacity, this position has been subject to growing
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challenge (Darwin, 1981; Gould, 1981; Lewontin, Rose, and Kamin, 1984;
Montagu, 1964). Nonetheless, contemporary Western consciousness, in
both the popular and scientific realm, continues to rely heavily on assump-
tions about the “otherness” and “inferiority” of Africans and their descen-
dants (Gilroy, 2000; Gosset, 1973; Gould, 1981; Montagu, 1964). Without
taking account of these two complementary forces—the history of the Eu-
ropean encounter with Africa and the intellectual and ideological frame-
work that is used to describe its consequences—an analysis of the health
status of African Americans will continue to substitute justification for
explanation.

While acknowledging the potential of molecular genetics, the tone in
this presentation generally has been one of skepticism or outright rejection
of many aspects of research on the genetics of race and health. However,
there is one crucial area where a convincing answer to an important ques-
tion has emerged. As suggested previously in the analysis of candidate gene
data, the scope of human genetic diversity can now be modeled with a high
degree of sophistication. In analyses based on large numbers of SNPs as
well as haplotype distributions, the distinction between African and all
non-African populations stands out with unmistakable clarity. Primate evo-
lution occurred over millions of years in Africa (Klein, 1989), yet modern
humans migrated to other continents only 50,000 to 100,000 years ago,
beginning from an original population of about 10,000 (Harpending et al.,
1998; Stephens et al., 2001). These migrations either involved small num-
bers of individuals, or were subject to severe demographic bottlenecks, as in
the case of Europe (Reich et al., 2001). As a result the repository of human
diversity within modern African populations is greater than among those
outside Africa (Harpending et al., 1998).

Within a pattern that completely overlaps, the haplotypes and genetic
variants in populations outside of Africa are a subset of those found in
Africa; that is, they are a sample of the African whole (Figure 8-3). Given
the small size of the founder populations outside Africa, by chance the
frequency of particular haplotypes has been exaggerated in some instances,
and other haplotypes have been lost. The development of regional popula-
tions can therefore be thought of as small pseudopods or “outpouchings”
that became detached, and then increased in size, magnifying the distinctive
characteristics of the original sample.

In Figure 8-4 the RAS haplotypes illustrate the relatively even distribu-
tion among U.S. blacks, in comparison to the “lumpy” pattern among
whites. Africans are therefore the trunk of the phylogenetic tree, the origin
of our species, the center, not the outlier or the peculiar “other.” Of all of
the stories told about race, so far this is the only one with an empirical
basis. It is deeply ironic, therefore, that the regional population that is the
source of all other populations and today contains the most complete reser-
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voir of human diversity has been repeatedly characterized as uniquely
shaped by evolution and “genetically susceptible” to the broad disease
syndromes that now occur worldwide.

Perhaps the story of genetic susceptibility should be rewritten. The
humans who left Africa took with them a sample of the common genetic
variants that had been collected through random mutation over our evolu-
tionary history; a more complete repository of these mutations remained in
Africa. The assortment of these variants in a given individual provides the
sum of genetic risk for a specific chronic disease manifested in the modern
industrialized environment. The distribution of SNPs and haplotypes among
racial/ethnic groups does not demonstrate a generalized pattern of “lump-
ing” or shared variance among contemporary regional populations. Al-
though some important susceptibility alleles may be shared unequally, this
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FIGURE 8-3 Distribution and overlap of haplotype blocks in three major conti-
nental groups.
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has not been demonstrated yet. Africans share virtually all the common
variants found in humanity and should represent the genetic “central ten-
dency” of our species. The image of the genome that suggests itself based on
this story is a time-lapse photograph of the sun—a globular whole, fringed
with a corona that spurts outward and collapses to the center again.

Studies of population variation in health status will continue to be
constrained if deterministic theories like the “thrifty gene” are applied
whenever a disease emerges at a higher prevalence in a new ethnic group.
The properties of the genome that make it a single unit shared across all
regional populations would be a more appropriate premise for comparative
analyses.

CONCLUSIONS

The study of genes and variation in the health of populations continues
to struggle under two constraints imposed by social reality—one that influ-
ences how we frame the questions and the other that determines how
people are arranged in the hierarchy. Our notion of race suggests certain
answers, thereby prejudicing the questions, and the arrangement of people
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by race and class structures the environmental exposures, and, by exten-
sion, many aspects of health status. Although both constructs—race and
inequality—confront us as products of the natural world, they are in fact
reflecting an image of what we have made. That image has become nearly
impossible to decipher where race and inequality merge.

Stripping away its claims to a natural origin, what is race? A name we
call ourselves, sein finn, as they say in Irish—we ourselves—or a name for
the Other? Until very recently the study of race had never been a possibility
for science, despite the depths of its penetration into biology. We now have
reason to believe that era is about to end as empirical questions begin to
dominate the research agenda. Does race have any meaning beyond geogra-
phy and history? Does the genome of our species aggregate into subunits?
Does it even branch into trees? If we see it as a whole, will it look like the
sun? These questions, which can be answered only with molecular data, are
now at least “askable.”

But scientific questions are not asked in a vacuum. Although it can
legitimately be argued that in some instances the results of experimentation
describe the shape of nature, questions are patently a human construct,
made from materials already available to us in the social environment.
Given the potency of race as a cultural idea and its influence on scientific
thinking, there is reason for concern about where the attempts to discover
the genetic determinants of health and disease will take us. An analogy to
history may help frame this dilemma. In questioning the “memory-storage”
model of history, attention has been drawn to the variable chance with
which events are recorded and archived and how narratives about these
events reflect the understanding of the present (Trouillot, 1995). Differen-
tial claims on the archive, and differential chances of being the hero of the
narrative, are determined by differentials in power. A record of uneven
quality, subjected to the filter of ideology, does not yield a description of
the past, but rather a context within which we interpret the events of today.
Although not a myth, because history makes a different set of claims on
reality, the narratives of the past are never true or objective. In that sense,
there is no “pastness,” only an understanding of what shaped the present.

Genetics, like history, queries the past, attempting to use the record left
in the genome to understand how evolution and population dynamics cre-
ated the current pattern of variation. Although the course of human his-
tory—wars, famine, migration, conquest, and slavery—biases and compli-
cates the record, the ability to know all the sequence variation means that
the geneticist’s archive is far more egalitarian and complete than is the
historian’s. One need only consider the story of Thomas Jefferson’s family
to appreciate the gap between what is recorded in history books and what
is recorded in our genome (Ellis, 1998; Foster et al., 1998). If in fact the
genetic history of our species is essentially complete and unbiased, the
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opportunities for objective description are limitless, constrained only by the
questions we are asking. We can, in a sense, no longer blame our sources,
but only ourselves.

But of course, after a moment’s reflection, we know this is a false hope;
the questions we ask are determined by the history of our consciousness,
itself created from the narrative written by those in power today from an
inconsistent record of the past. We are returned to the original problem—
biological and social history can never be divorced. Biological scientists like
to think that they work in an intellectual space uncontaminated by supersti-
tion and prejudice and therefore resist the rhetoric of context. But race is a
true chimera—part geography, part history, part genes—and neither the
idea nor the practice can be understood as anything other than the fantastic
creation of the human mind. There is no use of race that isolates the
biological from the social.

The study of genes and ethnic variation in health occupies contested
territory, where genotype is hidden within phenotype and the biologic is
molded by the social. Race attempts to distill and simplify this dialectical
process into a linear pattern of cause and effect, obfuscating everything. We
are looking to population genetics to give structure to this debate, using
empirical observation as the scaffold. Can it relieve us entirely of the con-
cept of race? Races exist only in distinction to each other; “whiteness” is
defined by “blackness,” and each is endowed with a distinct essence. If in
fact there is no “other,” then there is no essential difference, and the notion
becomes empty of meaning. As on so many other occasions, however, these
optimistic pronouncements will have no authority, or, at the very least, they
will come too late in Western history. We live in a world where every
construct is racialized—citizenship, personal identity, neighborhood,
health—and it is unlikely that the evidence of genetics will be sufficient to
counterbalance the enormous weight of social ideology. But within the
narrow discipline of genetic epidemiology, is it too much to ask that essen-
tialist notions, which molecular data are now demonstrating to be mere
superstition, should no longer hold sway?

ENDNOTE

1. Refers to Retinal Information Network. Information can be found at www.sph.uth.tmc.edu/
Retnet/home.htm.
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