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Blacks and Whites have very different cancer incidence rates for many sites, but this may largely be due
to the racial differences in socioeconomic status (SES). The authors tested this hypothesis by determining
the effect of adjustment for SES on the black/white incidence ratios for 12 cancer sites. Race-specific
census tract-level SES variables (median family income, percent below poverty level, and years of education)
were obtained from the 1980 US census and applied to approximately 20,000 black and 88,000 white
cancer cases from the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER)
program for the years 1978 to 1982. For each cancer site (with each sex considered separately), Poisson
regression was used to produce age-adjusted black/white incidence ratios, with and without adjustment
for SES. The SES variable with the strongest adjusting power was percent below poverty level. For many
sites (breast, in situ and invasive cervix, esophagus, male lung, pancreas, stomach) poverty accounted for
much or all of the racial differences. For several sites (bladder, multiple myeloma, prostate, uterine
corpus), large racial differences persisted after adjustment for poverty, and these findings suggest directions
for investigating the etiology of these cancers.
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LACKS AND WHITES are known to have very different

cancer incidence rates for a number of anatomic
sites. For many sites (e.g., cervix, esophagus, larynx, male
lung, multiple myeloma, pancreas, prostate, stomach),
black rates are higher than those of whites. For a smaller
number of sites (e.g., bladder, breast, ovary, rectum, uter-
ine corpus), black rates are lower than those of whites.
This has been summarized recently using data from the
National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) program.’

The causes of these racial differences have not been
clearly shown, but several lines of evidence support the
belief that a large factor is socioeconomic status (SES), a
broad term which usually includes some measure of in-
come, education, or occupation: (1) as a group, blacks
have considerably lower measures of SES than Whites?
(2) exposures to some known carcinogens, e.g., smoking,
vary with SES*-*; and (3) cancer rates are known to vary
with SES for a number of sites.®™?
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The contribution of SES to racial differences in cancer
incidence can be tested directly, by seeing if adjustment
for SES causes these differences to diminish. However,
this has not often been done, because individual SES data
(particularly on income) have been available only for rel-
atively small studies.

The alternative to using SES data on individuals is to
use aggregate data and apply these group characteristics
to the individual cases. We have used a variation of this
approach, utilizing SEER cancer incidence data from the
years 1978 to 1982 and the SES variables available by
census tract from the 1980 US Census. This report sum-
marizes the results for the 12 most frequent cancer sites
among blacks, with emphasis on the SES variable of pov-
erty level,

Methods

Most of the nine registries in the SEER system provide
information on the census tract of residence for each can-
cer case reported. In this analysis we utilized cases obtained
from the SEER registries of Atlanta, Detroit, and San
Francisco-Oakland, for the years 1978 to 1982. These
registries were the only ones with large numbers of black
cases coded for census tract of residence, and contained
79% of the black population in the SEER program. For
all cancer sites, 156,393 cases were diagnosed in the three
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gistries for these 5 years. Approximately 16% of these
ases occurred in blacks. We included in our analysis all

¢
cancer sites which had at least 500 black cases. Invasive

cervical cancer was treated separately from in situ. The
category of white race included whites with Spanish sur-
name Or origin, a group comprising 6.5% of the whites in
these registry areas, but did not include Japanese, Chinese,
American Indian or Alaskan native, Hawaiian, or “other”
categories.

Population data were obtained from the 1980 US cen-
sus; the adult population (age 20+ years) in these registries
was approximately 5.8 million, 18% of whom were black.
For each census tract in these registries, the population
had been enumerated by race, sex, and 5-year age groups.
Each census tract also had available, for blacks and whites
separately, the following socioeconomic variables: (1)
median vears of education completed (adults), for males
and females separately; (2) median family income; and
(3) percent of persons below the designated poverty level.
Poverty level takes into account household size as well as
family income, and is designed to reflect economic status
more accurately than family income alone. The Census
Bureau suppresses SES data for very small population
groups, to ensure that published data cannot be traced to
individual households.

Race-specific tracts were designated by considering the
black population of a census tract (with its SES values)
separately from the white population of the same census
tract (with different SES values). Since some census tracts
consisted of persons of only one racial group, this resulted
in a total of 1426 black tracts and 2068 white tracts. The
average adult population (age 20+) was 781 for the black
tracts and 2382 for the white tracts. Values for socioeco-
nomic variables were then assigned to the cancer cases
according to their race-specific tract of residence.

Approximately 10% of the SEER cases could not be
assigned an SES level, because of missing information
from either SEER files or census tract files. Likelihood of
missing numerator data information was independent of
race and sex, but was somewhat higher in the oldest age
groups. Approximately 9% of the population did not have
SES level data, because of missing or suppressed files.
Older age was also the only predictor of missing denom-
inator data; blacks did not have more missing data than
whites. In any sex, race, or age group, the cases had ap-
proximately the same percentage of missing data as the
population. For the 12 cancer sites selected, there were a
total of approximately 20,000 black and 88,000 white
cancer cases analyzed by SES level.

For each cancer site, five to seven age categories for
adjustment were designated, after considering the age dis-
tribution of the cases. We used 10-year age groups ranging
downward from 80+, 70 to 79, 60 to 69, etc. (providing
each group contained at least 1% of the cases). The ex-
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ception was in situ carcinoma of the cervix, which in-
cluded the age groups 15 to 19 and 70+ years.

For each cancer site, the group of pooled black and
white cases were divided into five equal SES quintiles for
adjustment. These quintile cutpoints were then applied
to the group of pooled black and white census tracts to
get the race, age, sex, and SES-specific populations cor-
responding to the cases. Incidence rates could then be
calculated for each of these specific populations.

Some cancers are more common in lower SES groups,
whereas others are more common in upper SES groups;
using a single set of SES quintile cutpoints across all cancer
sites would have impaired the adjustment by seriously
imbalancing the numbers of cases in the quintile groups
for some cancer sites, resulting in attempted comparisons
across relatively noninformative SES categories, as well
as producing unstable variances of the rates. We therefore
used quintile cutpoints specific for each cancer site for
better racial comparisons. We used case-based (rather than
population-based) SES quintiles for the same reasons; for
several sites, we tested the alternative procedure of using
population-based SES quintiles applied to the cases, but
found negligible differences in the results. For three sites
(rectum, bladder, uterine corpus) the distribution of cases
by race and SES indicated that use of quintile cuts based
on black cases rather than the pooled black and white
cases would produce more stable variances of the rates,
improving the racial comparisons; these figures are pre-
sented. There were no major differences in results between
these two methods.

Valid adjustment for SES assumes consistency between
blacks and whites in the relationship of SES to cancer
incidence. To test this, graphs of age-adjusted black and
white cancer incidence by SES groupings common to both
races were produced, using direct age adjustment.'® In a
second set of graphs (not presented here) each race was
plotted over its separate race-specific range of SES quin-
tiles. Although the races could not be directly compared
on these graphs because of the different SES quintiles, we
could check the shape and position of the curves over a
wider range of SES levels, and thus check their compat-
ibility with the curves which used race-common quintiles.

The primary method of adjustment for age and SES
was Poisson regression,'! which is particularly appropriate
for modeling occurrences of rare events such as cancer.
This procedure assumes that the number of cases occur-
ring in each race-age-SES category follows the Poisson
distribution, with the logarithm of the Poisson parameter
being a linear function of race, age, and SES factors. The
program CATMAX was obtained from G. Koch.'? Binary
dummy variables were used to model each race, age, and
SES category separately. Males and females were consid-
ered separately within each site. (We checked this regres-
sion procedure against two alternate methods for selected
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TaBLE 1. Poverty Distribution, Population Age 20+ Years, by Race

Blacks Whites
Percent below E—— —_——
poverty level

No.* (Percent) No.* (Percent)

0-1 35,056 (3.6%) 313,132 (7.2%)
>1-4 9057 (0.9%) 1,801,779 (41.6%)
>4-8 65,489 (6.7%) 1,466,833 (33.9%)
>8-20 343,212 (35.3%) 659,399 (15.2%)

>20-100 519,396 (53.4%) 89,685 (2.1%)

* Total no. of persons in the race-specific tracts grouped by percent
of the tract below poverty level.

sites: (1) logistic regression, using the SAS program PROC
LOGIST," modeling the odds of being a case, weighted
by numbers of persons in each category; and (2) log-linear
regression, using the SAS program PROC GLM,"* mod-
eling the log of the rates, weighted by number of cases in
each category. The results were quite similar.)

Results

The races showed marked SES differences, as expected.
As shown in Table 1, the percentage of blacks living below
the poverty level was much higher than that of whites.
(These poverty groupings were not the quintiles used in
the analyses by cancer site.) Blacks also had lower median
education levels and family incomes, although the racial
differences were not as extreme as for poverty level.

We found that the three SES variables differed in the
strength of their association with race and with cancer
incidence. Accordingly, they also produced different re-
sults when used to adjust the black/white incidence ratios
for SES. Median years of education produced the smallest
adjustment, median family income was intermediate in
strength, and percent below poverty resulted in the largest
adjustment of the black/white cancer incidence ratios. For
example, in the case of invasive cervix, adjustment for
age plus education, age plus income, and age plus poverty
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FiG. 1. Age-adjusted incidence of invasive cervical cancer versus pov-
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FIG. 2. Age-adjusted incidence of prostate cancer versus poverty,

produced black/white ratios of 1.66, 1.30, and 1.13, re.
spectively. Since education and poverty were closely cor-
related variables, we found that the triple adjustment for
age plus education plus poverty had no advantage over
the double adjustment for age plus poverty; the corre-
sponding ratios for invasive cervix were 1.17 and 1.13,
respectively. Percent below poverty level was selected as
the primary SES adjusting variable to present in this sum-
mary report.

For each cancer site, graphs of age-adjusted incidence
rates by race-common SES quintile were used to compare
the black and white SES gradients. Figure 1 demonstrates
a site with strong poverty dependence, cervix. Figure 2
shows the example of a site with no appreciable poverty
dependence, prostate. The curves varied from site to site,
but for every site the curves for blacks and whites were
essentially parallel, as required for valid SES adjustment.
The only exception was for cancer of the rectum in males;
in this one case, the incidence rates increased with poverty
for whites but not for blacks. Therefore, the Poisson
regression results for male rectal cancer are questionable.

The graphs (not presented here) which used race-specific
SES quintiles rather than groupings common to both races
were all consistent with the ones using race-common SES
quintiles. This lends support to the belief that the resulis
were not influenced by the methods of determining com-
parison groups.

Table 2 gives the results of the Poisson regression anal-
yses, arranged in general order of decreasing strength of
adjustment by poverty. Although there was a broad range
of outcomes, the sites can be grouped into several cate-
gories: (1) those in which poverty explains all or nearly
all the black/white difference; this group includes in situ
cervix, invasive cervix, male lung, and female stomach:
(2) those in which poverty explains much of the racial
difference, breast, male stomach, esophagus, and pancreas;
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TaBLE 2. Effect of Adjustment for Poverty Level on Black/White Cancer Incidence: Poisson Regression Analysis

985

Site Case (B/W) Adjusted for High risk Ratio 95% C1
Cervix
Invasive 750/1643 Age Black 2.17 1.99-2.36
Age + poverty 1.13 0.99-1.29
In situ 2214/5689 Age Black 1.45 1.38-1.53
Age + poverty 0.94 0.87-1.01
Lung
Male 3268/12636 Age Black 1.43 1.38-1.49
Age + poverty 1.03 0.98-1.09
Female 109176271 Age White 1.07 1.00-1.14
Age + poverty 1.32 1.21-1.44
Breast 2622/16489 Age White 1.21 1.16-1.26
Age + poverty 1.12 1.06-1.18
Stomach
Male 564/1751 Age Black 1.84 1.67-2.03
: Age + poverty 1.55 1.35-1.78
Female 279/1128 Age Black 1.53 1.34-1.75
Age + poverty 1.16 0.95-1.41
Esophagus
Male 508/690 Age Black 4.07 3.63-4.56
Age + poverty 2.32 1.94-2.78
Female 178/366 Age Black 2.77 2.32-3.32
Age + poverty 1.77 1.33-2.36
Pancreas
Male 424/1619 Age Black 1.48 1.33-1.64
Age + poverty 1.25 1.07-1.45
Female 374/1616 Age Black 1.39 1.24-1.56
Age + poverty 1.39 1.18-1.63
Colon
Male 991/5583 Age Black 1.02 0.96-1.10
Age + poverty 1.04 0.95-1.14
Female 1244/6202 Age Black 1.23 1.15-1.30
Age + poverty 1.22 1.12-1.33
Rectum
Male 373/2683 Age White 1.27 1.14-1.41
Age + poverty* 1.33 1.14-1.54
Female 316/2302 Age White 1.23 1.09-1.39
Age + poverty* 1.41 1.19-1.66
Uterine corpus
458/4856 Age White 1.98 1.80-2.18
Age + poverty* 2.13 1.86-2.44
Bladder )
Male 377/4206 Age White 1.96 1.76-2.18
Age + poverty* 1.93 1.68-2.21
Female 181/1574 Age White 1.45 1.24-1.69
Age + poverty* 1.70 1.37-2.11
Multiple myeloma
Male 252/570 Age Black 2.53 2.18-2.93
Age + poverty 2.24 1.79-2.81
Female 226/588 Age Black 2.30 1.97-2.68
Age + poverty 2.37 1.86~3.02
Prostate 2956/9556 Age Black 1.82 1.75-1.90
Age + poverty 1.83 1.72-1.94

B: black; W: white.
Adjusted by Poisson regression for age (10-year age groups) and percent
of race-specific census tract of residence below poverty level. Ordered

and (3) those in which poverty explains little or none of
a large racial difference, prostate, uterine corpus, my-
eloma, and bladder.

Colon and rectum rate ratios were not significantly af-
fected by adjustment, but the initial ratios were not large.
In female lung cancer a black/white difference was seen
only after we adjusted for poverty; both black and white

by approximate strength of adjustment by poverty.
* Poverty quintiles based on black cases. All others based on black
+ white cases.

rates rose with poverty, but whites had higher rates in
each poverty quintile.

Discussion

We found that socioeconomic status, when measured
by race-specific census tract poverty level, was responsible
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for the black/white cancer incidence differential in varying
degree, depending on cancer site. Poverty was responsible
for all or much of the black/white difference for many of
the sites studied. This supports the hypothesis that SES is
a major, perhaps predominant cause of the racial differ-
ences. For several sites, however, large racial differences
were independent of poverty.

The major strengths of this study are as follows: (1) the
large community-based populations studied, (2) the stan-
dardized methods of cancer case detection and coding
used in the SEER registry system, (3) the standardized
SES measures used in the US census, and (4) the large
number of cancer sites analyzed by the same methods.

There are several potential limitations of this study: (1)
Individual SES data were not used. In this study, a person’s
SES was defined on the basis of the income or educational
levels of that person’s race-specific census tract of resi-
dence. Such aggregate variables can be interpreted at two
levels: they may be considered as approximations to SES
variables obtained on individuals; however, they may also
capture some exposures that operate primarily at the cen-
sus tract or “neighborhood” level, such as neighborhood
peer-group health behaviors, access to health care, or pos-
sible local environmental pollution. Our findings indicate
that this type of variable, whether representing individual
or group phenomena, can capture some or all of the ex-
posures responsible for racial differences in cancer inci-
dence, since for some sites, all the racial differences were
accounted for by poverty level. (2) A potential limitation
in the adjustment for poverty was the relatively limited
overlap in the black and white poverty ranges. We at-
tempted to minimize this problem by choosing the most
appropriate poverty groupings for comparing the races,
and by verifying that these results were compatible with
the poverty gradients seen over the separate black and
white poverty ranges. (3) This study was based on cancer
cases in three large cities, and may not be representative
of the entire US population. However, these registries
contained 79% of the black population in SEER, and our
age-specific incidence rates and age-adjusted black/white
ratios matched closely the ones based on the entire pro-
gram.'

We compared our results with those of Devesa, who
did an earlier, somewhat comparable study'* which used
different data sources (Third National Cancer Survey and
1970 US census), different methods of adjustment, and
different SES indicators. Results have been published only
for lung'® and for breast and cervix.'® The racial differences
we obtained after adjusting for age (only) were generally
larger than in the analysis 10 years previously. Some of
this difference may be methodologic; however, it may re-
flect a widening of the racial gap for some sites. The two
studies were generally similar in the direction of SES ad-
justment.

We found that for the majority of sites tested (invasive
and in situ cervix, male lung, stomach, esophagus, pan-
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creas, breast), poverty accounted for much or all of the
racial differences. These findings are compatible with the
hypothesis that racial differences in incidence for theg,
sites largely reflect SES-dependent €Xposures to carcing,
gens or cofactors, such as smoking, occupation, chilg.
bearing patterns, or others.

For four sites, however (uterine corpus, bladdey, my.
eloma, prostate), large racial differences were found ¢,
persist after adjustment for poverty level. We foung in-
significant poverty gradients in these sites, in both raceg
and both sexes. Several explanations for these findings are
possible:

1. The apparent racial differences in incidence rateg
could be due to under-ascertainment of cases in a partic.
ular race. However, this explanation is hard to reconcile
with the results found for different sites, such as a white
excess in bladder cancer, but a black excess in prostate
cancer.

2. There may actually be SES dependence for these
sites, but our variables may not have captured it. Qyr
findings are consistent with most prior studies, which have
shown little or no association between SES and bladder
cancer,'” myeloma,'® or prostate cancer,'” and weak or
inconsistent associations between SES and cancer of the
uterine corpus.’*?' However, the pertinent exposure fac-
tors for some cancers may have occurred so long ago that
any current SES measures might not adequately reflect
those past relationships. In this case, special studies would
be required to discover such an effect. Moreover, less
commonly used measures of SES, such as occupation,
might better reflect pertinent exposures for these sites.

3. The racial differences for these sites may be due to
genetic factors. This explanation should be invoked with
much caution’*-**; not for lack of an alternative expla-
nation, but only on the basis of positive evidence (i.e.,
racial differences in the frequency of cancer-determining
genes). We are unaware of any such evidence of genetic
factors in the racial differences for these sites.

4. Finally, these differences may be due to environ-
mental (as opposed to genetic) exposures, specifically those
that vary with race but are unrelated to SES. Classification
by race is a complex, primarily socially derived phenom-
enon: a designation based on skin color but carrying cth-
nic, historical, and other implications as well as economic
ones.”>** Some environmental factors (cancer-related be-
haviors, for instance) may not vary with income or edu-
cation, but may still be more common within certain racial
groupings. Attempts to find factors of this type may be a
particularly fruitful approach to the etiology of these can-
cers.

In summary, this study supports the usefulness of race-
specific census tract data in investigating racial differences
in cancer incidence. For the majority of sites studied, the
racial differences were found to be largely or completely
due to poverty. For several sites, large differences persisted
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