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White Americans and Americans of African descent occupy strikingly different positions in
American society.  While there is great diversity within these populations typical or average values
for a wide range of statistics describing these populations differ substantially.   For instance, at1, 2

almost all ages African Americans have higher mortality rates than white Americans and
consequently lower life expectancy.   Because of this pattern, in public health, epidemiology and3, 4

medical sociology race has become one of the standard bases for dividing the US population.4-6

While, the approaches to explaining health differences between white and African-Americans are
diverse the dominant perspectives in these disciplines have looked to differences in individual
characteristics including differences in education, income, family organization, work history, and
personal habits such as smoking, drinking and consumer tastes.   In most, but not all, of these7, 8

areas African-Americans are at higher risk compared to whites.  African-American women, for
instance, are more likely than white women to be over-weight but are less likely to have ever
smoked cigarettes.4

Some authors have speculated about the possible roles of racism and the legacy of slavery in
explaining these differences.   These concepts, however, are difficult to operationalize within9-12

the context of survey research and limited progress has been made in applying them.   Some13

authors have proposed that genetic differences might underlie the socioeconomic and health
differences,  but genetic explanations have been soundly criticized.14       8, 12, 15-17

Yet other authors have sought to explain differential health outcomes between white and African-
Americans with differences in their socioeconomic status (SES).  Studies in this vein have found
that for some health outcomes the application of statistical controls for SES, variables like
education or income, eliminates the differences between white and African-Americans. 
Nevertheless, for many outcome variables even after the application of statistical controls there
remains a residual difference between white and African-Americans.   Some authors have argued4, 5

that the commonly used measures do not adequately control for SES differences between white
and African-Americans and have sought additional measures.   Recently, furthermore, several6, 10, 18

researchers have begun to develop more complex theories relating social and economic conditions
to health status.  Although they have many reasons for seeking more complex explanations in7, 19-21

socioeconomic factors, many of these researchers share an interest in neighborhood qualities or
what are sometimes called contextual or multilevel effects.   Recent progress in developing22-24

statistical techniques and software for multi-level or hierarchical modeling has provided a new
methodological foundation for these studies.  However, despite improved statistical techniques,25-27

contextual or multi-level analyses of racial differences in health are still faced with challenges and
limitations.  One of these is that race and contextual measures of socioeconomic status are
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confounded.  It is the purpose of this paper to explore the source and extent of this confounding
in health surveys.

Karen Brewster  makes a clear presentation of the problem in a study of the role of neighborhood28

characteristics in determining race differences in the nonmarital sexual activity of adolescents. She
used individual level data from the 1982 National Survey of Family Growth (NSFG) matched with
contextual data from a variety of sources, most importantly the Bureau of the Census. She
proposed to include variables in her analyses only if “the median for one race fell within the
bounds of the twentieth and eightieth percentiles of the other race.”(p. 411)  In exploratory
analyses she found that, “the number and type of contextual characteristics that can be tested
empirically are limited by the extent of the race differentiation apparent in [the sample].. No
indicators of household structure, poverty, welfare dependence, or the norms governing marital
unions met this criteria.” (p. 411)

Although Brewster’s selection of the 20  and 80  percentiles is a subjective and somewhatth  th

arbitrary decision on her part, the need for some standard follows from the design of her study.  28

That design,  a quasi-experiment in which study groups act as their own controls, is quite
common in social research.   Whether survey data are cross-sectional like the NSFG or29, 30

longitudinal, in multivariate analysis it is assumed that there are no exogenous variables
systematically related to the dependent variable which are not in the model.  Failure to include any
such variable may lead to specification error in model parameter estimates.  If there are excluded
variables systematically related to the independent variables there is also the possibility of
selection bias.  Selection bias results when an excluded variable is related to both the assignment
of cases to analytic groups and to the independent variable.  A common defense against selection
bias is the application of statistical controls; that is, the inclusion in models of variables intended
to statistically match up analytic groups on variables for which they might systematically differ.10,

  However, when the distributions of the control variables are as different as the12, 28-30

distributions of SES variables within American whites are from those within African-Americans, it
becomes very difficult to believe that the control variables are sufficient to protect against
selection biases.  There must be more complex causes determining these distributions.10, 12, 28-30

Another way of putting this problem is to say that the race and SES variables are confounded. 
The variance of one is so much in common with the variance of the other that their effects cannot
be separated.  This means that even after the application of statistical controls, there is still
residual confounding.6

Brewster’s  demonstration that race and contextual SES measures are confounded in the 198228

NSFG raises questions about other surveys, and about the relationship between the surveys and
the US society they are designed to represent.  In this paper we addresses these questions by
replicating her results with two other national surveys, the National Health Interview Survey
(NHIS) and the Third National Health and Nutrition Examination Survey (NHANES 3).   Both of
these surveys are larger than the 1982 NSFG both in the number of respondents and in the
number of primary sampling units. Because two of the underlying stratification mechanisms which
link race and health in the United States are racial and economic segregation,  we assess the23, 31-33

degree of racial and economic segregation within the samples and compare the results to the 1990
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US Census.  Then we review the degree of confounding between race and socioeconomic status,
and discuss the implications for analyses of these surveys.

Methods

 The NHIS is an annual survey of households.  Data are collected in personal interviews by staff
of the Bureau of the Census.  The sample is representative of the civilian, non-institutionalized,
population of the US.  Each year from 1985 to 1994 used the same basic design.  For the first
stage of sampling the primary sampling units (PSUs) were counties, groups of small contiguous
counties, or metropolitan areas; 198 primary sampling units were selected.  Within PSUs there
were two sampling frames, an area frame based on enumeration districts from the 1980 Census
and a list frame of building permits.  Within segments drawn from the area frame, clusters of 8
households were selected.  In 1990 there were 48,680 households sampled in the NHIS of which
95.5 percent were interviewed.  These households contained 119,631 persons.   In order to34, 35

improve estimates for African-Americans this population was over-sampled.  The over-sampling
was achieved by stratifying enumeration districts within PSUs which were between 5 and 50
percent African-American in such a way that there was a higher sampling rate in enumeration
districts which had a higher proportion of African-Americans.34

The NHANES 3 sample is also representative of the civilian non-institutionalized population of
the US.  Data were collected not only in personal interviews in households but also with
interviews, examinations and physical measurement in mobile examination centers.  In the
NHANES 3 sample design most PSUs were counties, but some were groups of small counties. 
Eighty-one PSUs were selected.  In the first half of the survey, 1988-1991, households were
sampled from both an area frame of units defined in the 1980 Census and a list frame of building
permits.  For the second half, 1992-1994, only an area frame from the 1990 Census was used. 
The NHANES 3 sample was designed to be approximately 40 percent white and 30 percent each
African- and Mexican-American.  This distribution was obtained by stratifying PSUs by the size of
these population groups, by stratifying segments within PSUs, and by screening households within
segments.  Within PSUs the stratification was by the density of Mexican-Americans because sub-
groups of Mexican-Americans were expected to be rarest.   In the NHANES 3 interviews were36

completed with 33,919 persons, 86 percent of the identified sample.37

Because the mid-point of the NHANES 3 is 1991 and 1990 NHIS data are used in this analysis, it
is  reasonable to compare the samples with the 1990 US Census.  Although the Census has
broader coverage of the US population than the surveys the error introduced is probably small
compared to other errors in measurement.  Census data were obtained from a Summary Tape File
3a.38

Household records for the NHIS and the NHANES 3 were coded into 1990 Census geography to
the block-group level.  For the second half of the NHANES 3 1990 Census geographic codes
were obtained from the sampling.  For the first half of that survey household addresses were
coded using a commercial address coding program and the results edited with segment maps from
the field work.  More than 99 percent of the households were coded.  For the NHIS the Bureau of
the Census was able to translate 1980 geographic codes for some area frame households into
1990 codes, about 60 percent of all households, and also provided probability-based assignments
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of codes for about 30 percent.  Street addresses for residences in this 30 percent and from the list
frame were coded with the commercial program and then edited using the known clustering of
households in the sample design.  This method produced codes more accurate than the probability
assignments for more than one quarter of the sample households.  This leaves about 12 percent of
the households with codes assigned on a probability basis and about 3 percent without codes.

In addition to this small amount of data missing because households were not coded to Census
geography, there were additional losses due to item non-response on other items used in this
analysis.  In particular, there are higher levels of non-response for the poverty status items in the
NHANES 3 and NHIS.  Values for missing data for this item were imputed in the Census.

In order to summarize the level of segregation in the samples and the Census and render them
comparable we calculated D statistics, the most commonly used measure of segregation.  The39

formula for D is:

where the capital letters refer to the total population and the small letters the local units, T and t
are total populations, P and p are the proportion one group is of the total, and there are n local
units indexed by i.  This statistic is a measure of the evenness of the mixture of two populations
across sub-areas of a whole; its value is 0 when the mixture is uniform and 1 when there is
complete segregation.  In the tables the D statistics are multiplied by 100.  Evenness is the most
important dimension of segregation and for blacks in the US it is a good over-all measure of
segregation.   One interpretation of the D statistic is that it represents the proportion of members40

of one group that would have to change the sub-area in which they live in order to make the
mixture across the whole area uniform.  Significantly for this study the D statistic is insensitive to
either the relative sizes of the populations or the number of sub-units over which it is calculated.  39

These statistics were calculated to measure the segregation of non-Hispanic African-Americans
from non-Hispanic white Americans.  For economy, these groups are often referred to in what
follows as blacks and whites.  In calculating the D statistics the presence of Hispanic Americans
was ignored; this is one limitation of this study.  By analogy with the categories black and white,
D statistics were also calculated to measure the segregation of the poor from the not-poor. 
Because the samples are national samples and do not represent all sub-units of the US territory it
was necessary to group the data; in each instance the distribution of block-groups and tracts was
divided into deciles.

Several area measures of SES were considered in this study: median household income, percent of
population age 25 or over with 16 or more years of education, percent poor, percent of
households with interest, dividend, or rent income, percent of persons age 16 or over in the labor
force, and percent of youths neither in school nor at work.  Because similar results were obtained
from the first four of these variables an index combining them was constructed from the first
principal component of their data matrix.  SES index scores for units that would be considered
advantaged are negative while those that would be considered disadvantaged are positive.

Results
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Table 2.  Percent distribution of blacks and whites in the
1990 NHIS and Census by percent of block group black

Percent
black

1990 NHIS sample 1990 Census

Black White Black  White

Total  100.00  100.00  100.00  100.00

 < 0.24  1.31  45.01 .01  42.91

0.24 - 1.20 .48  11.07 .52  11.35

1.21 - 3.37  1.46  14.45  2.01  14.23

3.38 - 7.23  2.58  10.58  3.81  11.16

 7.24 - 13.25  3.71  7.05  5.43  7.72

13.26 - 52.7  17.99  9.60  26.09  10.87

52.8 - 77.9  14.47  1.40  15.35  1.30

78.0 - 92.1  15.06 .40  12.79 .33

92.2 - 98.4  17.59 .24  14.80 .10

98.5 - 100  25.34 .21  19.19 .01

Table 1 presents D statistics, calculated over four levels of Census geography, for the residential
segregation of African-Americans from non-Hispanic whites.  As one must expect, in larger units
of geography, the populations are more diverse and the D statistics are lower.  At 27 the D
statistic for the Census at the state level measures the uneven distribution of the Blacks over the
US regions and throughout the states.  At the level of Census tract it is 72 and at the level of
block group it is even higher at 76.  The D statistics for the surveys are, perhaps not surprisingly
and reassuringly, generally similar to those of the Census.  Upon closer inspection, however, D
statistics for the NHIS 1990 are seen to be consistently larger than those from the Census, and
those for the NHANES 3 are seen to be consistently smaller.  In the case of the NHIS this may be
due to the over-sampling of areas with large numbers of blacks within PSUs.  Consistent with this
explanation the differences between the NHIS sample and the Census are uniformly smaller for
the weighted than the unweighted data, and at the block group level the value of D for the NHIS
is even one less than the Census value.  After the survey data are weighted, the statistics from the
NHIS are closer to those from the Census than are those from the NHANES 3.  This is not
surprising given the larger number of PSUs in the NHIS.

Table 1.  Racial segregation of non-Hispanic blacks and whites in the NHANES 3, the NHIS 1990 and the US
Census 1990: D statistics for the distribution of non-Hispanic blacks and whites over area units classified by
percent of area population black 

Unweighted Weighted 1990
CensusNHANES 3 NHIS 1990 NHANES 3 NHIS 1990

State 25 30 26 30 27

County 45 54 45 51 48

Tract 71 77 70 73 72

Block group 73 79 72 75 76

The extent of segregation when the D statistic is 76 and the effects of over-sampling may be seen
in Table 2.  According to the 1990 Census 43 percent of white Americans live in block-groups
with virtually no African-Americans; and 19 percent of African-Americans live in block groups

less than 2 percent white.

The differences in D statistics between the
NHIS and the NHANES on the one hand
and the Census on the other is reflected in
the distributions of blacks and whites over
these categories.  The greater segregation
in the NHIS sample is seen where the
percent of blacks is smaller in the NHIS
than in the Census for every mixture
category up to 78 percent black.  The
proportions of blacks living in block-
groups that have a high proportion of
whites and the proportions of whites living
in block-groups that have a high proportion
of blacks is, by definition, very small.  But,
based on these very small denominators,
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the relative differences between the survey and the Census are large; the proportion of black
persons in the NHIS sample living in block groups that are between 1.20 and 52.7 percent black is
31 percent less than the proportion in the Census.  In the Census, 37 percent of blacks live in
block groups in this range of the distribution of percent of block group black.

The level of economic segregation of blacks from whites is lower than the level of segregation by
race; D statistics for the segregation of blacks from whites over an index of SES in Table 3 are
substantially lower than those in Table 1.  At the block group level the D statistic for economic
segregation is only 43 compared with 76 for racial segregation.  At least at the tract and block
group level of geography economic segregation, as with racial segregation, is greater in the 1990
NHIS sample than in the Census, and in the NHANES 3 sample it is lower.  Also similarly, the
statistical weights correct some of the difference with the NHIS and move the D statistics for the
sample toward the Census.  Only 22 percent of blacks live in block groups with SES scores above
the median according to the Census, but blacks in this category make up only 17 percent of the
NHIS sample, 24 percent less.  At the same time the portion of blacks in the NHIS sample living
in block groups in the lowest decile of the distribution of SES is 22 percent greater than in the
Census.

Table 3.  Economic segregation of blacks and whites in the NHANES 3, the NHIS 1990 and the US Census
1990: D statistics of Non-Hispanic blacks and whites distributed over deciles of an index of SES

Unweighted Weighted 1990
CensusNHANES 3 NHIS 1990 NHANES 3 NHIS 1990

State 13 14 16 15 14

County 21 20 22 18 16

Tract 39 52 39 46 43

Block group 40 51 41 45 43

The segregation of the poor, regardless of race, from the not-poor, as measured by D statistics in
Table 4, is only slightly less than the economic segregation of the races.  This form of economic
segregation in the NHIS and NHANES samples has the same relationship to segregation in the
Census as racial segregation by race and by SES.  That is, the NHIS sample is more segregated
than the Census and the statistical weights only partly reduce the difference, and the NHANES 3
sample is less segregated than the Census.  At the block group level the D statistic for economic
segregation of the poor from the not-poor is 39 in the Census.  For the NHIS the unweighted
statistic is 42, but with weighting is reduced to 40.  In the NHANES both the unweighted and the
weighted D statistics are 36.

Table 4.  Economic segregation of poor and not-poor in the NHANES 3, the NHIS 1990 and the US Census
1990: D statistics of poor and not-poor distributed over deciles of an index of SES

Unweighted Weighted 1990 
CensusNHANES 3 NHIS 1990 NHANES 3 NHIS 1990

State 11 16 12 16 11

County 15 21 16 21 18

Tract 35 41 36 38 35

Block group 36 42 36 40 39
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The increase in racial and economic segregation in the NHIS over the Census is small, but it has
an interesting consequence – a larger proportion of the poor in the NHIS live in areas with more
blacks than in the Census.  After dividing the poor into two groups, one living in block groups
where blacks are under-represented and one in block groups where blacks are over-represented,
an estimated 45.2 percent of the poor live in blocks where blacks are over-represented according
to the NHIS compared with 41.9 percent according to the Census.

Turning now to the distribution of the index of SES among African-Americans and white
Americans, Table 5 presents selected quantiles of the index for these groups. The statistics in this
table for the NHIS and the NHANES were estimated with weighted data.  The distributions of
both whites and blacks over the SES of their block groups of residence in both surveys is very
similar to the distributions in the Census.  The largest difference is between the NHANES and the
Census for blacks; the distribution of blacks by this measure of SES is shifted slightly at both ends
towards advantage, the negative end of the SES index.  Comparing blacks to whites reveals the
large difference in the socioeconomic status of these groups.  The median SES index score for
blacks (0.77 in the Census)  is near the 90  percentile for whites (0.79 in the Census).  Theth

median for whites (-.29, Census) is between the 10  and 20  percentiles for blacks; it is, moreth  th

precisely, approximately equal to the 15  percentile (.30).th

Table 5.  Percentiles of the population distributions of Non-Hispanic white and African-Americans by an index
of socioeconomic status of their block group of residence: NHIS 1990, NHANES 3, and 1990 US Census

SES Quantile NHANES 3 NHIS 1990 1990 US Census

White Black White Black White Black

10th -1.47 -.61 -1.41 -.57 -1.39 -.55

20th -1.31 -.17 -1.03 -.10 -1.04 -.11

25th -.99 0.00 -.89 0.10 -.89 .07

Median -.27 0.75 -.32 0.83 -.29 .77

75th .30 1.43 .25 1.53 .28 1.49

80th .44 1.59 .38 1.70 .42 1.66

90th .82 2.02 .75 2.12 .79 2.13

Discussion

This research began with the purpose of assessing the degree to which race and contextual
measures of socioeconomic status were confounded .  Brewster  concluded that race and28

measures of poverty were confounded in the 1982 National Survey of Family Growth.  This
research has found that race and SES are also confounded in the 1990 National Health Interview
Survey and the Third National Health and Nutrition Examination Survey.  In each of these
surveys median values of measures of SES for white and African-Americans each lie outside the
margins of the 20  and 80  percentiles of the other group’s distribution recommended byth  th

Brewser.   This is not, however, a problem with the surveys; the surveys accurately represent the28

SES distributions of white and African-Americans as measured in the Census.

Some analytical strategies have been proposed that in some circumstances compensate for
selectivity problems.  Berk  suggested the use of probit models to compensate for selection bias41

against cases in one tail of a distribution.  This, however, is not the problem with these contextual
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variables; the distributions of the socioeconomic variables in the samples resemble those in the
population very closely.  Lieberson  suggested the use of ridit models.  Ridits compare relative42

positions within groups by transforming, in this case, index scores of SES into locations on a
cumulative percentile scale.  As he suggests, this might be meaningful in certain carefully
constructed theoretical contexts.  However, outside of these contexts it is apparent that in any
model simultaneously containing race and contextual measures of SES these variables will have
substantial variance in common.  A conservative strategy might be to consider race on the one
hand and SES and context on the other as alternative explanations and compare models
containing one or the other, but not both.  A more adventurous strategy might be to define an
instrumental variable for race that has the effect of SES removed.  Such a variable might be
constructed from a logistic regression of race on indicators of SES; the result of the regression
would be an equation predicting a probability of membership in a racial category and the
instrumental variable would be actual minus predicted probability of category membership.

Either one of these strategies, however, requires adopting a theoretical position, and it is in theory
that the only real solution to this problem lies.   Several authors have recently argued for a29, 43

more theoretical approach than has been common in studies of the relationships among, race,
social class, and health.   The first step, they argue, is to approach race as a predictor or10-12, 43

confounder of SES.  In this perspective racial differences reflect not only differences in SES but
also ill-effects of individuals’ stressful experiences of discrimination and of disadvantage that
results from systematic processes of exclusion and racist ideology that supports them.  The
proposals, above, either to model race and SES as alternatives or to consider a residual race
variable after removing SES effects, are modest steps consonant with these approaches.

There are potential explanations alternative to SES -- characteristics of ethnic groups such as
migration and cultural factors, for instance.   The new OMB standards for collecting data on15, 44

race and ethnicity recognize that membership in racial and ethnic groups is a matter of self-
identification, and that some individuals might consider themselves to be members of more than
one group.   There is, of course, a literature on ethnic groups and acculturation too enormous to45

review here.  The significant point for this discussion is that we have few concepts and measures
of ethnic groups’ identities and participation that we can include in federal surveys.  It would be
interesting to go beyond the new OMB standard to define and measure what it means to people to
be members of race or ethnic groups, how people participate in these groups, and to describe the
groups in sufficient detail to identify characteristics of them, characteristics that could be
measured independently of membership, that might produce the observed differences in health.

Finally it must be realized that whatever methodological strategies are adopted or theoretical
refinements made, the empirical basis of the confounding of contextual measures of SES and race
in the NHIS and the NHANES is the segregation of American society.  At this level these surveys
are case studies with a sample size of one. The surveys are designed to produce statistics which
can be generalized to describe the US non-institutionalized civilian population.  Multi-national
comparative designs are a different research strategy for finding an explanation for racial
differences in health, one requiring quite different data.   In comparative research the46

confounding of race and SES in the United States might be overcome with studies including other
societies where the social distribution of races or the social attitudes towards races were different.
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The results of this study show that the NHIS 1990 and the NHANES 3 samples reflect quite
closely the racial and economic segregation in the US, especially after they are weighted.   The
NHIS sample is, however, slightly more segregated by race and SES than the Census results, and
the NHANES 3 is slightly less so.  For the NHIS much of this difference is probably due to the
method for over-sampling blacks because weighting uniformly reduces the differences between
the sample and the Census.  For the NHANES 3 there is no clear explanation; weighting makes
little difference.  Because the NHANES 3 is a much smaller sample than the NHIS there is a much
larger role for sampling variability with this survey.  It is interesting to note, however, that one of
the goals of that survey was to measure racial and ethnic diversity and in the end the sample is
slightly less segregated than the country. These results highlight the difficulty of using cross-
sectional national samples to explain differences in health outcomes between white and African-
Americans, but given their purposes, and each of these surveys has many purposes, this is only to
say that their contribution to this problem may be more to describe rather than to explain race
differences.
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