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Abstract
BACKGROUND—Hispanics in the United States have a 33% lower age-adjusted incidence of
cancer and a 38% lower cancer mortality rate compared with non-Hispanic whites. This may be
secondary to health behaviors that vary with residential and economic assimilation. The authors
investigated whether cancer incidence among Hispanics increased with residential and economic
assimilation into mainstream culture.

METHODS—Data from the Surveillance, Epidemiology, and End Results program (SEER) and the
U.S. Census Bureau were used to compare cancer incidence rates and rate ratios as a function of
percentage of Hispanics and income of Hispanics in a census tract. Type of cancer was identified
with a site recode variable in the SEER data set. Cases with in situ prostate and cervical carcinoma
were excluded. Hispanic ethnicity in SEER was identified by medical record review and Hispanic
surname lists. The study also used income of Hispanics living in the census tract, age at diagnosis,
and stratification by gender.

RESULTS—The incidence of breast, colorectal, and lung carcinoma among Hispanics increased as
the percentage of Hispanics in the census tract decreased and as tract Hispanic income increased.
For example, there was a 39% reduction in breast carcinoma and a 38% reduction in male colorectal
carcinoma when the Hispanic population in high-density Hispanic neighborhoods in the lowest
income quartile was contrasted to Hispanics living in tracts with the lowest total percentage of
Hispanics in the highest income quartile.

CONCLUSIONS—The lower cancer rates among Hispanics relative to non-Hispanic whites in the
United States may dissipate as Hispanics become more assimilated into the mainstream society.
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Cancer is the second leading cause of death in the developed world.1 The etiology of most
cancers is multifactorial, involving genetic and environmental influences.2–4 Doll and Peto5
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have estimated that ≤ 80% of the cancer burden is secondary to environmental causes, such as
tobacco use, diet, exercise, and exposure to environmental toxins.4–9

One of the clearest indications of the social and lifestyle components of cancer risk is the shift
of cancer incidence rates in immigrant populations from the profile characteristic of country
of origin to the profile of the destination country.10–12 Acculturation to the lifestyles of the
destination country involves changes in diet and other aspects of lifestyle that are associated
with cancers of particular sites, leading to these changes in site-specific cancer profiles after
immigration.

Hispanics now represent the largest minority population in the United States, comprising 12.5%
of the population.13 This population is heterogeneous, comprising 58.5% Mexican Americans,
9.6% Puerto Ricans, 3.5% Cu-bans, 8.6% other Latin Americans, and the remaining reporting
other or no specific country of origin.13 The Hispanic population is heterogeneous racially,
comprising Native American, European, and African components.

Hispanics in the United States have a substantially lower incidence of and mortality from cancer
compared with non-Hispanic whites.14,15 For all cancers, excluding nonmelanoma skin
carcinomas, the age-adjusted incidence per 100,000 persons was 352 for Hispanics versus 490
for non-Hispanic whites, whereas the cancer mortality statistic was 138 for Hispanics versus
202 for non-Hispanic whites.14 Hispanics have lower incidence and mortality rates for cancers
of the sites that account for most cancer mortality, including lung, prostate, colorectal, and the
female breast carcinoma. Hispanics have higher rates of incidence and mortality than non-
Hispanic whites for stomach, liver, gallbladder, and cervical carcinomas.14,15 The 32%
reduction in cancer mortality among Hispanics compared with non-Hispanic whites is a
contributor to the so-called “Hispanic paradox,” in which many health indicators for U.S.
Hispanics are comparable to or better than those for non-Hispanics whites, even though this
population is substantially disadvantaged in income, education, and access to medical care.
16–18

The reasons for the Hispanic advantage in cancer mortality have only begun to receive
systematic attention in the past decade.15,19 Cancer mortality rates are lower for Hispanic
immigrants compared with His-panics born in the United States.17,20 This pattern suggests
that a portion of the Hispanic cancer advantage may be explained by differences in risk profiles
that change with acculturation. These changes include increases in smoking,20,21,22 obesity,
20,23 alcohol consumption,22,24,25 and decreases in dietary quality22,24,26 and physical
activity.27

In the current study, we investigate the Hispanic cancer advantage by examining the spatial
distribution of lung, colorectal, prostate, female breast, and cervical carcinomas with respect
to two dimensions of neighborhood context: the percentage of neighborhood residents who are
Hispanic and the per capita income of the neighborhood’s Hispanic population.

If the relatively low cancer rates in U.S. Hispanic populations are secondary to lifestyles and
health behaviors typical of the country of origin for Hispanic migrants, cancer rates among
Hispanic Americans will more closely approximate those of non-Hispanic whites as the
Hispanic population becomes more assimilated into the majority society. One way to
investigate this hypothesis is to examine variation in cancer rates among Hispanics as a function
of the percentage of Hispanics in the neighborhood environment. The density of an ethnic
population in a neighborhood is tied closely to the maintenance of cultural patterns versus
assimilation into the mainstream culture.28–30

We also investigate cancer incidence in relation to the per capita income of Hispanics living
in the census tract. A recent National Cancer Institute (NCI) study using Surveillance,
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Epidemiology, and End Results (SEER) program data reported a pattern of higher incidence
for lung, colon and rectum, prostate, and female breast carcinomas, as well as a lower incidence
of cervical carcinoma for Hispanics in relation to increasing income of census tract residents.
31 This pattern may confound the relation between tract percent Hispanic (TpH) and cancer
incidence, because the Hispanic population follows a well documented pattern of spatial
assimilation in which more educated and middle-class Hispanics are more likely than less
educated and poorer Hispanics to live in neighborhoods where they are integrated with non-
Hispanic whites.32

MATERIALS AND METHODS
Overview

The current study was a descriptive study of cancer incidence. Data from the SEER registry
and the U.S. Census Bureau were used to estimate age-adjusted cancer incidence rates. Poisson
regression models generated incidence rate ratios (RRs) to compare census tracts with different
concentrations of Hispanics and income of Hispanics in the census tract, with adjustment for
age and gender.

Source of Data
SEER tumor registry data33 were used to identify incident cancer cases. The 1996 submission
of the SEER Public Use file was used to obtain incident cancer cases for breast, colorectal,
lung, non-in situ prostate, and non-in situ cervical carcinomas among Hispanics. This older
submission was used because these data include the census tracts of subjects. The 9 SEER
areas (Connecticut, Iowa, New Mexico, Utah, Hawaii, Detroit, Atlanta, San Francisco-
Oakland, and Seattle-Puget Sound) covered approximately 9.5% of the U.S. population during
the years of study (i.e., 1988–1992). Use of the SEER Public Use file was approved by the
institutional review board of the University of Texas Medical Branch (Galveston, TX).

Data from the Bureau of the Census were used to estimate the population from which the cancer
cases were derived. Census data for 1990 were used to estimate the denominators for the
incidence rates. The summary tape file 1A (STF 1A) data for the states covering the SEER
areas contained population counts for the various Hispanic age and gender groups.34 STF 3A
was used to classify tracts with respect to the per capita income of their Hispanic population.
35 These files contained frequency counts at many geographic levels, including the census
tract.

Study Cases
Eligible cancer cases were Hispanics living in a SEER area with an incident breast, colorectal,
lung, non-in situ prostate, or non-in situ cervical carcinoma diagnosis from 1988 to 1992. These
individuals constituted the numerators for the cancer incidence rates. There were 8970
Hispanics diagnosed during the years of study in these SEER areas. Of these cases, 8291 had
either a 1990 census tract number or a 1980 tract that could be mapped to the 1990 census data.

For the remaining 679 cases, the county of residence was always available. Census tract was
more likely to be missing for cases in nonmetropolitan counties with large Hispanic
populations. To avoid biasing results by excluding these cases, we assigned them to census
tract contexts using a multiple imputation procedure. Each case was assigned randomly to a
census tract within its county, with probability proportional to the size of the county’s Hispanic
population of the same age and gender. This step was completed five times, creating five
imputed data sets. Reported incidence rates and RRs are the mean of the results using
numerators from the five imputations.36,37
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The denominator for the cancer incidence rates is the population from which eligible cancer
cases are derived. In the current study, Hispanic cases living in one of the 9 SEER areas during
1988–1992 who were not prevalent cancer cases made up the denominators for the incidence
rates. The cancer incidence was centered around 1990, a decennial census year, so multiplying
the 1990 mid-year population of Hispanic cases living in a SEER area in 1990 by 5 estimated
the total person-years for the denominator. Prevalent cancer cases diagnosed before 1988 who
were still alive on April 1, 1990 — census day—were excluded from the denominator for the
specific cancer for which they were prevalent.

Measures
In the SEER registry, Hispanic ethnicity is identified by a combination of medical record review
and matching surnames against lists of Hispanic surnames.38 Also defined at the patient level
in this data set are age at diagnosis (0–4, 5–9, . . ., 80–84, and ≥ 85 years) and gender. The type
of cancer was determined by the site recode variable in the SEER data set. The SEER historic
stage variable was used to determine whether cases had prostate and cervical carcinoma of the
in situ type, and thus were excluded from the numerator of the incidence rates.

In the census denominator data, age × gender × ethnicity (Hispanic vs. non-Hispanic) specific
counts are available at the census tract level. The percentage of the population of the census
tract that was Hispanic, or TpH, was determined at the census tract level. TpH was calculated
as the total number of Hispanic cases in the tract divided by the total population (Hispanic
cases and non-Hispanic cases) in the census tract. Because TpH was highly skewed, it was
grouped as < 20%, 20 to < 60%, and ≥ 60% Hispanic.

The measure of socioeconomic status was based on the per capita income in 1989 of the
Hispanic households of each census tract. Per capita income was expressed as a ratio to the
1989 fair market rent estimated for the market area by the U.S. Department of Housing and
Urban Development to adjust for differences in cost of living in different SEER areas.39–41
The resulting measure was grouped into quartiles of the Hispanic population living in SEER
registry areas.

Contingency tables were generated for the age-gender-TpH-income groups for both the
numerator (incident cases) and denominator (population from which these cases were derived).
Dividing the corresponding numerators by their denominators yielded the age, gender, income,
and TpH-specific incidence rates that were used for analysis. This was done for each type of
cancer separately.

Statistical Methods
The unit of analysis was the gender × age × TpH × tract Hispanic income group incidence rate.
These rates were compared using Poisson regression. Models were estimated on each of the
five imputed data sets using the Genmod procedure in SAS Version 9.0 software (SAS, Cary,
NC),42 and incidence RRs and 95% confidence intervals (95% CIs) were estimated by pooling
the results using the SAS Mianalyze procedure.36,37,42 Incidence RRs are reported from
separate models with age adjustment only for the three TpH categories and for the Hispanic
income quartiles. We also report RRs for a multivariable model in which TpH and Hispanic
income quartiles are both controlled. In the multivariable models, we used an F test to determine
the significance of interactions between TpH and tract Hispanic income quartile, and report
the RRs when the contribution of the set was significant (P < 0.05).

Role of the Funding Source
The NCI, which funded the current study, also maintains the SEER cancer registry. NCI
personnel had no role in the design and analysis of the study.
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RESULTS
In 1990, the total population of the SEER areas was 23,553,609, of whom 1,726,284 (7.3%)
were identified as Hispanic. There were 5725 census tracts in the SEER areas. Figure 1 shows
the distribution of the Hispanic population of SEER to census tract contexts defined by the
intersection of the income quartiles and TpH categories used in the analysis. There is an
association between these 2 measures (gamma = 0.35). Tracts for which < 20% of the tract’s
population is Hispanic also tend to be areas where the Hispanic population has income above
the median for the Hispanic population. The reverse is true of Hispanics living in tracts with
a higher concentration of Hispanics.

Table 1 shows age-adjusted incidence rates for Hispanic income quartile and TpH categories.
The incidence of lung, colorectal, and female breast carcinoma all decrease as the percentages
of Hispanics in the census tracts increase. The incidence of cervical carcinoma increases with
TpH. There is no trend apparent in the incidence of prostate carcinoma by TpH. There is also
a positive gradient linking higher income with higher incidence of male and female colorectal,
female breast, and prostate carcinomas. There is a weaker relation between tract Hispanic
income and incidence of male lung carcinomas, and no apparent association between income
and female lung carcinoma. The incidence of cervical carcinoma decreases sharply with
increasing tract Hispanic income.

The incidence rates when the ethnic and income characteristics of the tract are considered
jointly are also shown in Table 1 and Figure 2. For lung carcinoma, the most evident contrast
for both men and women is between the higher incidence rates in tracts where < 20% of the
tract’ population is Hispanic and the lower incidence rates in all other areas. For colorectal and
female breast carcinomas, the Hispanic residents of low TpH/high income tracts have the
highest incidence rates, whereas the lowest rates are generally found in tracts with low income
and a large percentage of Hispanics. Patterns for prostate carcinoma are less clear. The
incidence of cervical carcinoma is strikingly higher in tracts with income in the lowest quartile
and with Hispanics making up > 60% of the tract population.

Table 2 shows RRs and 95% CIs corresponding to the incidence rates in Table 1. The lower
age-adjusted RRs in higher TpH areas are statistically significant for male and female lung,
female breast, and male colorectal carcinomas. The gradient increase in cancer incidence in
higher-income tracts is generally statistically significant for male and female colorectal
carcinomas, as well as for prostate and female breast carcinomas. The incidence of cervical
carcinoma declines sharply and significantly with increasing income.

When TpH and tract Hispanic income are jointly controlled in a multivariable model, RRs
change little compared with the models that are adjusted for age only for lung, colorectal, and
female breast carcinomas. By contrast, there are significant interaction effects of tract income
and tract ethnic concentration for prostate and cervical carcinomas. The effect is most striking
for cervical carcinomas, for which increases in incidence are concentrated in high TpH tracts
in the lowest economic quartile.

The multivariable analyses in Table 2 were repeated after deleting all in situ and localized
cancers. In other words, we calculated the incidence of new cancers that presented at regional
or distant stages (Table 3). This was done to examine whether an ascertainment bias was
responsible for the association of cancer incidence with TpH. In general, the pattern of results
was similar to that described in Table 1. The noteworthy exception occurs for prostate
carcinoma, for which there is a significant and substantial decrease in incidence with increasing
TpH. Both TpH and economic effects are weak for regional and distant stage female breast
carcinoma.
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DISCUSSION
Using a database (SEER) that was designed to produce valid information on incidence of
specific cancers in different ethnicities,33 we find a negative relation between neighborhood
density of Hispanics and cancer. These effects are complemented by increases in incidence
associated with the increasing income of a tract’s Hispanic population. The differences in
incidence of common cancers in Hispanics depending on neighborhood composition are not
trivial. For example, the data suggest a 39% reduction in breast carcinoma and a 38% reduction
in male colorectal carcinoma when contrasting the Hispanic population of high-density
Hispanic neighborhoods (tract TpH ≥ 60%) in the lowest income quartile to Hispanics living
in tracts with the lowest TpH in the highest income quartile. Hispanics living in high-density
Hispanic neighborhoods experience an approximate 30% reduction in lung carcinoma,
regardless of tract income levels.

Many health indicators for U.S. Hispanics, such as birth outcomes and adult mortality rates,
are as good as or better than those for non-Hispanic whites.16–18 This is considered a paradox,
because Hispanics, on average, have substantially lower incomes, schooling, and medical
insurance coverage than do non-Hispanic whites. Our results suggest that the advantage
Hispanics enjoy relative to non-Hispanic whites in cancer risk may be transitory, as it appears
to diminish as Hispanics become more residentially and economically integrated into the
majority culture.

There is good epidemiologic evidence for environmental contributions to breast, colorectal,
and prostate carcinomas.4,5 The changing incidence of these cancers within the Hispanic
community in the United States as it becomes assimilated provides investigators with a
laboratory to study which environmental forces are associated most closely with risk of specific
cancers. Consideration of environmental influences in cancer promotion include the following:
diet; other lifestyle activities such as tobacco use, regular exercise, and alcohol intake; exposure
to environmental pollutants; and sociocultural forces that affect level of stress. It is known that
cigarette smoking increases with increasing assimilation of U.S. Hispanics,20–,22 and that
factor is presumably the major cause of the pattern of decreased lung carcinoma incidence
observed among Hispanics in high-density Hispanic neighborhoods. It is not clear which
lifestyle factors associated with high-density Hispanic neighborhoods are associated with
lower rates for breast, colorectal, and regional and distant-stage prostate carcinomas.

The lower incidence of cancers of most common sites for Hispanics living in lower-income
(higher-poverty) tracts has been previously noted in reports produced from the SEER registry.
31 This pattern reverses the gradient increase in the incidence of lung carcinoma with increasing
tract poverty, and absence of area socioeconomic differences in the incidence of colorectal
carcinoma that was reported for whites and blacks in the same time period.31 These differences
are as yet unexplained. Area socioeconomic effects may be more complex for Hispanics than
they are for whites and blacks, because economic level may serve, in part, as an indicator of
cultural assimilation for Hispanics, but not to the same degree for these other groups. Therefore,
economic class-based reduction in certain cancer risk behaviors may be partially offset by
acculturation to a behavioral profile that increases other risks. These mechanisms remain
relatively unexplored. Careful attention to lifestyle changes in His-panics with increased
residential and economic assimilation may produce important clues for understanding the
environmental causes of cancer.

In terms of limitations, it could be argued that our findings might be an artifact of variations
in cancer surveillance. That is, if diagnosis and/or registration of cancer in tumor registries
were less complete in neighborhoods with higher percentages of Hispanic residents or with
lower incomes, this could produce the pattern of results that we found. This is an unlikely
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explanation for our results, for several reasons. First, the SEER registry is generally recognized
to be complete, with ascertainment rates > 95%.14,43 This has not been found to vary
substantially with ethnicity or socioeconomic status. Second, the pattern of increased cancer
incidence in Hispanics living in neighborhoods with few other Hispanics and in higher-income
neighborhoods was not found for all the cancers mentioned in the current study. For cervical
carcinoma, there was a trend in the opposite direction. This finding is consistent with the
cultural change hypothesis, because incidence rates for cervical carcinoma are consistently
reported to be higher rather than lower for Hispanic populations compared with non-Hispanic
whites.14 It is inconsistent with an underregistration effect. Third, the pattern was generally
the same when we restricted the analyses to higher-stage cancers, the incidence of which should
not be inflated by use of cancer screening (Table 3). Finally, if the decreased cancer incidence
among Hispanics living in certain neighborhoods is an artifact of poorer cancer surveillance
in those neighborhoods, one might also expect to find a similar pattern of lower cancer
incidence among non-Hispanic whites living in neighborhoods with a high percentage of
Hispanics. We performed those analyses and did not find such a pattern (data not shown).

Another potential limitation is in ascertainment of Hispanic ethnicity. SEER uses an algorithm
including information from medical records supplemented by comparison with a list of
Hispanic surnames, whereas the census reports ethnicity by self-identification.38 Because
there are different assessment methods for obtaining the denominator and numerator used in
calculating cancer incidence data among Hispanics, the pattern of results we obtained could
be secondary to varying levels of ascertainment by either method as a function of percentage
of Hispanics in the neighborhood. However, underascertainment of Hispanic ethnicity in SEER
relative to the census data is most likely to occur in areas with low percentages of Hispanics
where intermarriage between Hispanics and others is more prevalent,44 and where ethnic
identification is likely to be more fluid and intermittent.45,46 Thus, any bias introduced by
underascertainment of His-panic ethnicity in SEER data is most likely to suppress rather than
to produce the observed reductions in cancer incidence rates in high percentage Hispanic tracts.

A final limitation is our use of data from the 1996 release of incidence data for 9 SEER
registration areas, for the period 1988–1992. The reported results may not generalize to the
current time period and to the United States as a whole.

In summary, the substantial increases in cancer incidence among Hispanics living in ethnically
heterogeneous neighborhoods and higher-income neighborhoods suggest that the Hispanic
population will lose its advantage in cancer mortality as it becomes more spatially and
economically assimilated with the majority population.
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FIGURE 1.
Distribution of the total Hispanic population among the census tracts in the nine Surveillance,
Epidemiology, and End Results registry areas by tract percent Hispanic and Hispanic income
quartile.
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FIGURE 2.
Incidence rates (per 100,000) of 5 common cancers in Hispanics, as a function of the percentage
of Hispanics comprising the census tract and Hispanic income quartile. Data are the incidence
rates reported in Table 1. Age-adjusted incidence rates (per 100,000) were directly standardized
using the U.S. 2000 population standard.
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