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Abstract
Background—We have previously reported that cancer incidence for lung, female breast, and
colon and rectum for Hispanics decreases with increasing percentage of Hispanics at the census
tract. In contrast, cervical cancer incidence increases with increasing percentage of Hispanics at
the census tract.

Methods—In this study, we investigate the hypothesis that Hispanics living in census tracts with
high percentages of Hispanics are diagnosed with more advanced cancer, with respect to tumor
size and stage of diagnosis. Data from the Surveillance, Epidemiology, and End Results registry
and the U.S. Census Bureau were used to estimate the odds of diagnosis at a “late” stage (II, III,
IV) versus “early” stage (I) and breast cancer tumor size among Hispanics as a function of census
tract percent Hispanic. Hispanic ethnicity in the Surveillance, Epidemiology, and End Results
registry was identified by medical record review and Hispanic surname lists. The study also used
income of Hispanics living in the census tract and controlled for age at diagnosis and gender.

Results—We found that Hispanics living in neighborhoods with higher density of Hispanic
populations were more likely to be diagnosed with late-stage breast, cervical, or colorectal cancer,
and to have a larger tumor size of breast cancer.

Conclusions—Our findings suggest that the benefits of lower cancer incidence in high tract
percent Hispanics are partially offset by poorer access and reduced use of screening in conjunction
with lower income, poorer health insurance coverage, and language barriers typical of these
communities.

Introduction
Increasing evidence shows widening disparities in incidence and mortality from all cancers
and many common cancers by socioeconomic status. Cancer incidence and mortality are
now usually higher in socioeconomic status–disadvantaged populations (1, 2). In the United
States, the death rate from all cancers combined in 1975 was 2% higher among men in
poorer counties compared with more affluent counties; by 1999, it was 13% higher (3). This
pattern reflects a reversal of a former pattern of higher cancer incidence and mortality in
higher socioeconomic status populations, most notably with respect to lung cancer (3).
Current patterns are likely multifactorial and have been attributed to a combination of class
differences in understanding and modification of lifestyle risks, occupational and other
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environmental exposures, physiological responses to disadvantage status, use of screening,
and access to definitive therapies after diagnosis.

In the United States, racial disparities generally fit the pattern linking greater disadvantage
to higher cancer incidence and mortality. African American race and lower socioeconomic
status are independently and in combination associated with higher cancer incidence and
mortality (2, 4). For Hispanics, however, the relationship is more complicated. Hispanics
have lower incidence and mortality than non-Hispanic Whites for cancers of all sites and of
the lung, breast, prostate, and colon and rectum. Hispanics have higher rates of incidence
and mortality for cancers of the cervix, stomach, liver, and gallbladder (4–6). 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. Cancer mortality was
138 per 100,000 for Hispanics versus 202 for non-Hispanic Whites (5). This reduction in
cancer mortality among Hispanics is a major contributor to the so-called Hispanic
epidemiological paradox in which many health indicators for U.S. Hispanics are comparable
with or better than those for non-Hispanic Whites, although this population is substantially
disadvantaged in income, education, and access to medical care (7–9).

The causes of this inversion of expected relationships among Hispanics has not been fully
explained, although there is evidence linking it in part to lower mortality and risk behaviors
among immigrants. Cancer mortality rates are lower for Hispanic immigrants compared with
Hispanics born in the United States (10–12), a fact that is consistent with the hypothesis of
increasing risk profiles associated with acculturation. These changes include increases in
smoking (11–14), obesity (11, 12, 15), and alcohol consumption (14, 16, 17) and decreases
in dietary quality (14, 16, 18) and physical activity (19). Although cancer incidence and
mortality is lower for Hispanics compared with non-Hispanic Whites, other studies have
shown that survival after a diagnosis of cancer is poorer among Hispanics than in non-
Hispanic Whites (20–25). This poorer survival is explained in part by the fact that some
cancers are diagnosed on average at a more advanced stage in Hispanics and perhaps
because they experience barriers to access to appropriate cancer care associated with low
income, no health insurance, and language barriers.

Numerous recent studies have investigated the relationship between poorer neighborhood
socioeconomic status and higher morbidity and mortality (26–28). Concordantly, a smaller
literature has reported and investigated a linkage between racial segregation, higher
mortality, and poorer health for African Americans (29–32). This latter work draws on a
voluminous sociological literature identifying racially exclusionary residential patterns as a
primary contributor to racial disparities in the United States across many domains, including
health, in part because the hypersegregation typical of most American metropolitan areas is
a major contributor to the concentration of extreme poverty in many African American
neighborhoods, and with a wide range of resulting deficits in the physical, social,
commercial, and service environments in these communities (33–37).

The literature focused on neighborhood residential patterns for Hispanics has generally
started from different premises and reported different relationships. For Hispanics, levels of
segregation from non-Hispanic Whites have been lower than for African Americans.
Hispanics have tended to follow a pattern of increasing concentration spatial assimilation
with non-Hispanics in conjunction with economical mobility and acculturation. Partly as a
consequence, the literature on concentrated Hispanic “barrios” has viewed them positively
as emerging through migration chaining and regional concentration. Neighborhood
concentration of Hispanics has consequently sometimes been hypothesized to be a
mechanism for maintenance of cultural patterns and social organization that, in the context
of the Hispanic mortality advantage, might be advantageous to health.
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Concordant with this hypothesis, we have previously reported that the incidence of cancers
of the lung, female breast, and colon and rectum for Hispanics follows a cross-sectional
pattern of decreased incidence with increasing isolation from non-Hispanic populations; that
is, where a larger percentage of census tract residents were Hispanic [tract percent Hispanic
(TpH)]. By contrast, the incidence of cancers of the cervix was higher in higher TpH tracts
(38). However, if the mechanism produces some health advantages for Hispanics living in
high-density Hispanic barrio communities, the hypothesized sociocultural factors affecting
the incidence of cancer would not be expected to generalize to patterns of access to medical
care, which are more likely to follow patterns expected in conjunction with the greater
socioeconomic disadvantage generally experienced in ethnically isolated Hispanic
communities.

Screening is widely recommended or practiced for cervical, breast, prostate, and colorectal
cancer with the goal of an early diagnosis of those cancers. Hispanics living in
socioeconomically disadvantaged communities tend to have lower screening rates, and,
consequently, advanced stage at diagnosis of cancer (39–41). For instance, Hispanics living
in poor areas are more likely to present with distant stage at diagnosis for cervical, breast,
prostate, colorectal (women), and lung (men) cancer than those living in wealthier areas (3,
42). In this study, we investigate the hypothesis that Hispanics living in census tracts with
high percentages of Hispanics are diagnosed with more advanced cancer, with respect to
tumor size and stage of diagnosis. This relationship is likely because increasing percentage
of Hispanics in a census tract is associated with higher poverty rates and lower rates of
insurance coverage and therefore with decreased access to medical care (38). In particular,
we thought that the detrimental effect would be most apparent for cancers for which
effective screening tests exist.

Materials and Methods
Overview

The current study was a descriptive study of cancer stage at diagnosis. Data from the
Surveillance, Epidemiology, and End Results (SEER) registry and the U.S. Census Bureau
were used to estimate the odds of diagnosis at a “late” stage versus “early” stage as a
function of census TpH. Logistic regression models generated odds ratios to compare census
tracts with different concentrations of Hispanics in the census tract, with adjustment for age
and gender when appropriate.

Source of Data
Data from the SEER tumor registry were used to identify cancer cases (43). The 13 SEER
areas (Connecticut, Iowa, New Mexico, Utah, Hawaii, Detroit, Atlanta, San Francisco-
Oakland, Seattle-Puget Sound, Alaska, San Jose-Monterey, Los Angeles, and rural Georgia)
covered approximately 14% of the U.S. population.

Study Cases
Eligible cancer cases were Hispanics ages 21 to 90 years old, living in a SEER area with a
diagnosis of non–in situ breast (women), cervical (women), and colorectal (men and
women) carcinomas from 1988 to 2002. There were 32,934 Hispanics diagnosed during the
years of study in the SEER areas; excluding those whose first cancer site was not one of the
three cancers, the number of cases was reduced to 29,259. Of these, 28,896 had information
for TpH with either a 2000 census tract number or a 1990 tract that could be mapped to the
2000 census data. After excluding cases with missing stage at diagnosis (n = 1,360), those
younger than 21 years or older than 90 years (n = 478), and those with stage 0 (in situ, n =
6,240) at diagnosis, the final sample included 20,818 patients.
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Measures
In the SEER registry, Hispanic ethnicity is identified by a combination of medical record
review and matching surnames against lists of Hispanic surnames (43, 44). 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. Type of cancer was determined by the site recode variable in the SEER data set.
Stage at diagnosis was categorized as early (I) or late (II, III, IV) by the American Joint
Committee on Cancer staging.

The percentage of population that was Hispanic, or TpH, was calculated as the total number
of Hispanic individuals in the tract divided by the total population (Hispanic individuals and
non-Hispanic individuals) in the census tract, according to the year of diagnosis of cancer
and using the closest census information (1990 or 2000). For each sample of analysis
(breast, cervical, or colorectal cancer), there were strong associations (r = −0.62, −0.64, and
−0.60) between TpH and percent neighborhood income. However, the maximum variance
inflation factors (2.9, 2.9, and 2.5) that were associated with these correlations were well
below the threshold (variance inflation factor = 10) that would indicate a problem of
multicollinearity in multivariate regression models.

Statistical Analyses
We used the χ2 to test the association between TpH and income categories. We used logistic
regression analyses adjusted for age and gender (where relevant) to report the odds ratio of
diagnosis at a late stage (II, III, IV) versus the early stage (I) as a function of TpH. In the
multivariable models, we used an F test to determine the significance of interactions
between TpH and age or gender (where relevant), and reported the odds ratios when the
contribution of the set was significant (P < 0.05). In the sample for women with breast
cancer, we analyzed the mean tumor size as a function of TpH and income, using ANOVA.
Analyses were carried out with SAS for Windows version 9.1 (SAS Institute).

Results
Figure 1 shows the distribution of census tract mean income quartiles by percentage of
Hispanics living in the census tract (TpH) for Hispanic women with breast cancer (n =
10,309). The association of these two variables is strong, with a large majority of cases
(64%) in the lowest TpH found in the highest income quartile, and a majority of cases in the
highest TpH tracts found in the lowest income quartile. The likelihood ratio χ2 is 6,003 with
6 degrees of freedom (P < 0.0001; γ = −0.7933).

Table 1 shows the odds of diagnosis at late versus early stage of breast, cervical, and
colorectal cancer in Hispanic patients as a function of neighborhood percent Hispanic, as a
function of income, and as a function of the two jointly. For cancers of all three sites,
increasing TpH is significantly associated with a later stage at diagnosis. The interaction
effects between TpH-age or TpH-gender were not significant. Increasing income in the
census tract is associated with decreased odds of late diagnosis of breast cancer among
Hispanics. The interaction effects between income-age or income-gender were not
significant. Controlling for both income and TpH, the effect of each measure is reduced, but
both remain statistically significant. Tract income is not independently associated with stage
for cervical and colorectal cancer, and controlling for this measure does not substantively
affect the relationship between higher TpH and probability of a later stage at diagnosis.

Table 2 shows the mean tumor size of breast cancer as a function of TpH, of tract income,
and of both jointly. Increasing TpH is associated with increased mean tumor size of breast
cancer at diagnosis among Hispanic women. Increasing income in the census tract is
associated with decreased mean tumor size of breast cancer among Hispanic women. After
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controlling for income and TpH jointly, the relationship between TpH and tumor size
remains positive, but is not statistically significant.

Discussion
In this study, we investigated the relationship between Hispanic neighborhood environment
and cancer stage at diagnosis, using SEER data. We found a substantial health disadvantage
associated with increasing neighborhood percent Hispanic; specifically, Hispanics living in
neighborhoods with higher density Hispanic populations were more likely to be diagnosed
with late stage of breast, cervical, and colorectal cancer, and to have a larger tumor size for
breast cancer.

Spatial distribution is an important marker of incorporation of immigrants and ethnic
populations descended from them. Many immigrant populations, including Hispanics in the
United States, follow a trajectory of spatial assimilation in which they initially settle in
segregated enclaves, and then, with the passage of time, they and their descendants
increasingly intermingle with members of the host society from other ethnic populations (45,
46). This segregation of some Hispanics into barrio enclaves may have contradictory effects
on cancer incidence and mortality.

Immigrant populations often have profiles of site-specific cancer incidence that more closely
resemble those of the countries from which they came than those of the host population of
the country to which they migrate (47–49). The profiles of cancer incidence rates converge
with those of the host society with increasing years and generations of residence in the
destination country, as behavioral patterns and associated profiles of cancer risks converge
with those of the host society (47–49). Spatial distribution of immigrant populations and
their descendants may influence the trajectory of change of cancer risk profiles. Segregated
barrio populations retain group-specific sociocultural risk profiles that are advantageous
with respect to the incidence of cancers of the most common sites (38).

On the other hand, as we have shown, isolated barrio communities are generally
economically disadvantaged and may have impaired access to medical care, with negative
implications for timely diagnosis, receipt of definitive therapies, and survival. Effective
screening tests exist for cancers of the colon and rectum, female breast, and cervix. The use
of these tests varies across ethnic and social class groups (21, 50). Stage at diagnosis and
tumor size, reflecting in part use of screening, are critical determinants of survival after
diagnosis. Our findings that diagnosis is more likely to be at a later stage and larger tumor
size with increasing TpH suggests that the benefits of lower incidence in high-TpH Hispanic
communities are partially offset by poorer access and reduced use of screening in
conjunction with lower income, poorer health insurance coverage, and language barriers
typical of these communities (50–52).

However, spatial incorporation along with isolation or marginalization can result from
societal circumstances, such as prejudice, institutional racism, and segregational rules or
laws, or historical circumstances, such as when a territory is invaded or annexed by another
country (53, 54). The link between isolation and increased perceived discrimination (e.g.,
among Hispanics, directed against their group; ref. 55) or decreased perceived social
acceptance (56), along with socioeconomic deprivation, is associated with risky health
behaviors and refraining from seeking medical treatment, which may contribute to increased
burden of physical or mental disease (57, 58). Thus, a sense of discrimination among
Hispanics may decrease the likelihood that they will seek medical care and, in conjunction
with other socioeconomic barriers, may contribute to reduced use of cancer screening.
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Earlier diagnosis may be related to increased awareness of symptoms and access to medical
care. For example, for the four cancer sites for which screening is widely recommended or
practiced (cervical, breast, colorectal, and prostate), the proportion of cases diagnosed at
localized stage is lower and the proportion diagnosed at distant stage is higher in high-
poverty compared with low-poverty census tracts (3, 42, 59). Therefore, our data suggest
that a late stage may be linked to less screening in the Hispanic population as it has been
shown in other studies, where Hispanics tend to have lower screening (mammography,
colonoscopy or fecal occult blood test, and Pap test) rates than non-Hispanic Whites, and
subjects less acculturated tend to have lower screening rates than those more acculturated
(40, 41, 59).

One limitation of our study is that our findings might be an artifact of variations in cancer
surveillance. That is, if diagnosis and/or registration of stage of diagnosis of cancer in tumor
registries were less complete in neighborhoods with higher percentages of Hispanic
residents, this could produce the pattern of results that we found. This is an unlikely
explanation for our results. The SEER registry is generally recognized to be complete, with
ascertainment rates higher than 95% (5, 43). A potential limitation is the ascertainment of
Hispanic ethnicity. The SEER registry 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.

Our findings that greater isolation and lower income are associated with larger tumor size
and later stage of diagnosis may have implications in other disadvantaged minority
populations, where both living in low income and segregated or isolated communities may
have influences on access to health care, therefore affecting stage at diagnosis for cancer.

In conclusion, we confirm our hypothesis that Hispanics living in neighborhoods with high
percentages of Hispanics tend to be diagnosed at more advanced cancer stage and with
larger tumor size. Further research is needed to explore the association between TpH and
survival after a diagnosis of cancer.
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Figure 1.
Distribution of census tract income quartiles (Q1 = low to Q4 = high) by percentage of
Hispanics living in the census tract (TpH) for Hispanic women with breast cancer, 1988 to
2002 (n = 10,309).
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Table 1

Odds of diagnosis at a late versus early stage for breast, cervical, or colorectal cancer in Hispanics as a
function of the percentage of Hispanics living in the census tract and tract income (1988–2002)

Characteristic OR (95% CI)

Breast cancer (n = 10,309)* Cervical cancer (n = 932)* Colorectal cancer (n = 9,577)*, †

TpH

 <20% 1.0 1.0 1.0

 20% to <60% 1.21 (1.10–1.32) 1.21 (0.85–1.72) 1.11 (0.99–1.23)

 ≥60% 1.38 (1.25–1.53) 1.58 (1.11–2.24) 1.14 (1.02–1.29)

Tract income

 Q1 (low) 1.0 1.0 1.0

 Q2 0.80 (0.71–0.90) 1.14 (0.82–1.57) 1.04 (0.91–1.19)

 Q3 0.75 (0.67–0.84) 0.81 (0.56–1.15) 0.98 (0.86–1.11)

 Q4 (high) 0.65 (0.58–0.73) 0.78 (0.52–1.19) 0.92 (0.81–1.06)

TpH and tract income‡

 TpH <20% 1.0 1.0 1.0

 TpH 20% to <60% 1.12 (1.01–1.25) 1.20 (0.81–1.78) 1.09 (0.97–1.24)

 TpH ≥60% 1.14 (1.00–1.31) 1.64 (1.04–2.60) 1.14 (0.98–1.33)

 Income Q1 (low) 1.0 1.0 1.0

 Income Q2 0.81 (0.72–0.92) 1.30 (0.92–1.85) 1.06 (0.92–1.22)

 Income Q3 0.78 (0.68–0.93) 1.03 (0.68–1.57) 1.02 (0.88–1.19)

 Income Q4 (high) 0.71 (0.62–0.83) 1.13 (0.66–1.92) 1.01 (0.85–1.20)

NOTE: Data are from SEER areas. Late stage is defined as stages II, III, and IV; early stage is defined as stage I.

Abbreviation: OR, odds ratio; 95% CI, 95% confidence interval.

*
Adjusted for age.

†
 Adjusted for gender.

‡
 Both variables were entered in the model.
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Table 2

Breast cancer size at diagnosis in Hispanic women as a function of the percentage of Hispanics living in the
census tract and also the mean income of residents of the census tract (1988–2002; n = 9,792)

Adjusted for age Adjusted for age, TpH, and tract income

TpH Tumor size (±SD), mm Tumor size (±SD), mm

 <20% 23.5 (0.36)* 24.4 (0.43)

 20% to <60% 24.9 (0.34) 25.1 (0.35)

 ≥60% 26.2 (0.38) 25.2 (0.44)

Census tract income

 Q1 (low) 27.1 (0.43)* 26.8 (0.50)*

 Q2 25.0 (0.40) 24.8 (0.42)

 Q3 24.4 (0.40) 24.4 (0.42)

 Q4 (high) 23.2 (0.38) 23.5 (0.46)

NOTE: Mean tumor size was determined by TpH or income categories (ANOVA).

*
P < 0.0001.
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