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Abstract

Objective Very few studies have simultaneously exam-
ined incidence of the leading cancers in relation to socio-
economic status (SES) and race/ethnicity in populations
including Hispanics and Asians. This study aims to
describe SES disparity in cancer incidence within each of
four major racial/ethnic groups (non-Hispanic white, black,
Hispanic, and Asian/Pacific Islander) for five major cancer
sites, including female breast cancer, colorectal cancer,
cervical cancer, lung cancer, and prostate cancer.
Methods Invasive cancers of the five major sites diag-
nosed from 1998 to 2002 (n = 376,158) in California were
included in the study. Composite area-based SES measures
were used to quantify SES level and to calculate cancer
incidence rates stratified by SES. Relative index of
inequality (RII) was generated to measure SES gradient of
cancer incidence within each racial/ethnic group.

Results  Significant variations were detected in SES dis-
parities across the racial/ethnic groups for all five major
cancer sites. Female breast cancer and prostate cancer
incidence increased with increased SES in all groups, with
the trend strongest among Hispanics. Incidence of cervical
cancer increased with decreased SES, with the largest
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gradient among non-Hispanic white women. Lung cancer
incidence increased with decreased SES with the exception
of Hispanic men and women, for whom SES gradient was
in the opposite direction. For colorectal cancer, higher
incidence was associated with lower SES in non-Hispanic
whites but with higher SES in Hispanics and Asian/Pacific
Islander women.

Conclusions Examining SES disparity stratified by race/
ethnicity enhances our understanding of the complex
relationships between cancer incidence, SES, and race/
ethnicity.

Keywords Cancer incidence - Socioeconomic status -
Disparity - Race/ethnicity

Introduction

Persistent findings of disparities in the occurrence and
outcomes of cancer by socioeconomic status (SES) have
resulted in growing recognition of the importance of
monitoring such disparities for the purpose of prioritizing
cancer control efforts. Population-based cancer registry
data are an invaluable source in identifying such dispari-
ties, by measuring incidence, mortality, and survival in the
population.

Previous studies on disparities in cancer incidence have
focused mainly on racial/ethnic disparity, particularly dif-
ferences between black and white Americans, with some
adjusting for the effect of SES [1-6]. While some studies
have examined the simultaneous effects of race/ethnicity
and SES on cancer incidence in populations including
Hispanics and Asians [7-14], only two have looked at
multiple major cancer sites [8, 12]. Because SES disparities
may vary substantially across racial/ethnic groups, not only
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in magnitude but in the direction as well, treating SES as a
confounding variable may conceal the true relationship
among cancer incidence, SES, and race/ethnicity. To fill in
the knowledge gap of whether and how SES disparity
varies across groups defined by race/ethnicity and sex, we
aim to describe SES disparity in cancer incidence within
each of four major racial/ethnic groups (non-Hispanic
white, black, Hispanic, and Asian/Pacific Islander) for five
major cancers, including female breast cancer, colorectal
cancer, cervical cancer, lung cancer, and prostate cancer.
Because of the lack of individual-level SES information
in public health databases, area-based SES measures
derived from census data have often been used and were
shown to be related to various health outcomes indepen-
dent of individual-level SES [15-20]. The choice of geo-
graphic level depends on the SES measure being used, the
size and the geographic distribution of the population, and
the availability of data. While socioeconomic data from
block groups, the smallest and most homogeneous census
geographic level, provide the most accurate area-based
SES measures, detailed population counts by age, sex, and
race/ethnicity may only be available at census tract level.
In this study, area-based SES measures at both census tract
level and block group level were used and compared.

Materials and methods
Incidence data

The study was based on invasive cancers diagnosed from
1998 to 2002 and reported to the California Cancer Reg-
istry (CCR). The CCR is California’s statewide population-
based cancer surveillance system and has collected data on
incident cancers diagnosed since 1988. Data are collected
through a network of regional registries, which also par-
ticipate in the Surveillance, Epidemiology, and End Results
program of the National Cancer Institute. The following
five leading cancers were included in the analysis: breast
(female), cervical, colorectal, lung, and prostate cancer.
Race/ethnicity was abstracted from medical record and
classified into the same categories as in the census popu-
lation data (non-Hispanic white, black, Hispanic, or Asian/
Pacific Islander), while cases with other or unknown race
were excluded. A Hispanic surname list was matched to
last or maiden name to enhance the identification of His-
panic ethnicity, which is often underreported on medical
records [21].

Population data

Population counts by sex, 5-year age group, race/ethnicity,
and SES measures for each census tract and block group in
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California were based on the census 2000. Self-reported
race was categorized as non-Hispanic white, black, His-
panic, or Asian/Pacific Islander (Asian/PI). These catego-
ries were not mutually exclusive: blacks and Asian/PIs who
were of Hispanic ethnicity (around 1 percent of blacks and
less than 0.1 percent of Asian/PIs) were included in the
Hispanic category.

SES measure

Census population from the year 2000 and housing data
[22] at census tract and block group level were used to
create a composite SES score at each geographic level.
This area-based composite SES measure, described in
detail elsewhere [10], was created through principal com-
ponent analysis and includes the following census vari-
ables: proportion with a blue-collar job, proportion older
than 16 years in the workforce without a job, median
household income, percent below 200% poverty level,
median gross rent, median value of owner-occupied
houses, and an education index [7]. In this study, composite
SES scores were generated for all California 2000 census
tracts (n = 7016) and block groups (n = 22,960) and were
then ranked into quintiles. Cancer cases with missing
census tract or block group were randomly assigned to a
census tract or block group within their county of resi-
dence. The random allocation of census tract or block
group was done with replacement [10]. This area-based
SES measure has been used in many studies utilizing
cancer registry data [23-28].

Data analysis

Incidence rates were age-adjusted to 2000 US standard
population [29]. For each cancer, rates were stratified by
race/ethnicity, sex, and SES score quintile. Following
recommendations from the National Cancer Institute on
methods for measuring cancer disparities [30], relative
index of inequality (RII) was calculated using the highest
socioeconomic level as the reference group. RII was cho-
sen as a summary measure of SES disparity due to inherent
limitations in the simpler measure of incidence rate ratio.
For example, incidence rate ratios between the lowest and
the highest SES group effectively ignore information on
the in-between groups. Also, a comparison of potential SES
gradients in cancer incidence among different racial/ethnic
population groups can be distorted by differences in the
population distribution of SES measures among these
racial/ethnic groups. The RII has been considered as a
summary measure of disparity that explicitly addresses
these limitations [31].

To calculate the RIIs, we first computed a rank variable
for each SES category, as the mean proportion of the most
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affluent population. For example, if 30% of the population
fell into the highest SES group, the rank variable was
assigned a value of 0.30/2 = 0.15. This SES rank variable
was computed separately for every race/ethnicity and sex
stratum. Poisson regression models were then used with
incidence rates in each SES category as the outcome var-
iable and the ranked SES variable as the explanatory var-
iable. The regression-based RII measures the SES
inequality in incidence rates and can be interpreted as the
ratio of cancer incidence in the lowest to the incidence in
the highest socioeconomic group. Therefore, with the
highest SES quintile as reference, a RII value less than one
means that cancer incidence was higher among persons
living in higher SES area, and conversely, a RII value
greater than one means the incidence was higher in lower
SES areas. A RII that is further away from one means a
greater SES gradient and greater SES disparity.

Because the RII takes into account the distribution of the
SES measure in the population, it allows meaningful com-
parison of SES disparity among populations with different
SES distributions [32, 33]. All data analyses were conducted
using SAS, version 9.1 (SAS Institute Inc., Cary, NC).

Results

The California population distribution by composite SES
measure at census tract was very similar to that at block
group for all racial/ethnic groups (Table 1). Over 54% of
the non-Hispanic white population resided in the top two

and only 23% resided in the bottom two SES quintiles; by
contrast, more than 57% of the black population and more
than 68% of the Hispanic population lived in the bottom
two SES quintiles. The SES distribution in the Asian/
Pacific Islander population was similar to that of the non-
Hispanic white population. Cancer incidence cases initially
selected from the CCR were 109,444 female breast can-
cers, 105,237 prostate cancers, 8,184 cervical cancers,
72,218 colorectal cancers, and 87,240 lung cancers. After
excluding 7014 (about 1.8%) cases with other or unknown
race, the final study subjects consist of 376,158 cancer
cases (Table 2). About 18,733 (5.0%) cases with missing
block group and 18,406 (4.9%) cases with missing census
tract were randomly assigned to a census tract or block
group within their county of residence. For all cancer sites
included in the study, age-adjusted incidence rates (AAIR)
stratified by SES at block group and at census tract were
very similar (Table 2).

Incidence rates for female breast cancer and for prostate
cancer were higher among patients living in higher SES
areas for all racial/ethnic groups (Table 2), but the mag-
nitudes of SES gradients differed substantially. As shown
in Table 3 and Fig. 1, the greatest SES gradient (as mea-
sured by RII) was observed among Hispanics for both
breast cancer and prostate cancer. Breast cancer incidence
rates among Hispanic women in the lowest SES areas were
about half of the rates for those in the highest SES areas,
while the rates for non-Hispanic white, black, and Asian/PI
women in the lowest SES areas ranged from 66% to 85%
of the rates for their counterparts in the highest SES areas.

Table 1 Distribution of California population, by race/ethnicity (race/ethnicity categories were not mutually exclusive) and socioeconomic

status (SES), census 2000

SES level Non-Hispanic white Black Hispanic Asian/Pacific Islander
No. % No. % No. % No. %
SES_BlockGroup®
1 (lowest) 1,160,195 7.3 688,402 30.6 4,647,771 425 465,652 12.2
2 2,518,607 159 604,368 26.9 2,808,052 25.7 662,652 17.4
3 3,545,274 22.5 478,907 21.3 1,818,334 16.6 758,914 19.9
4 4,043,587 25.6 320,881 14.3 1,099,165 10.0 898,857 23.6
5 (highest) 4,523,785 28.6 153,981 6.9 570,777 52 1,025,587 26.9
SES_CensusTract”
1 (lowest) 1,102,751 7.0 651,215 28.9 4,568,942 41.7 458,126 12.0
2 2,655,334 16.8 652,947 29.0 2,849,142 26.0 663,900 17.4
3 3,602,029 22.8 466,769 20.7 1,851,629 16.9 752,918 19.7
4 4,063,122 25.7 333,440 14.8 1,107,768 10.1 916,810 24.0
5 (highest) 4,378,760 27.7 149,258 6.6 577,333 53 1,021,267 26.8
Total 15,791,448 100 2,246,539 100 10,944,099 100 3,811,662 100

* Block group level SES measure

® Census tract level SES measure
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Table 2 Age-adjusted (2000 US population) incidence rates by socioeconomic status (SES), sex, and race/ethnicity (consistent with the census
2000, race/ethnicity categories were not mutually exclusive): selected cancer sites, California, 1998-2002

Cancer site (n = 376,158) SES level SES_BlockGroup® SES_CensusTractb
Non-Hispanic Black Hispanic Asian/Pacific Non-Hispanic Black Hispanic Asian/Pacific
White Islander White Islander
Breast, female (n = 108,480) 1 (lowest) 147.2 121.0 70.8 68.2 147.8 1229 733 69.3
2 141.4 124.6 89.4 82.0 142.1 1249 879 79.4
3 149.9 127.9 103.7 94.0 150.0 123.0 100.9 98.0
4 158.8 145.5 116.5 99.2 159.4 1444 118.5 98.6
5 (highest) 173.3 137.1 134.3 106.1 173.0 139.3 132.6 104.8
Prostate (n = 100,440) 1 (lowest) 159.3 256.4 124.5 80.2 160.9 253.5 1250 84.2
2 149.2 256.6 141.6 87.3 152.3 253.9 1409 85.0
3 157.7 252.5 158.9 99.7 157.1 261.1 159.3 101.6
4 162.8 289.4 171.2 107.3 164.9 284.5 179.0 106.0
5 (highest) 184.2 286.1 221.7 105.1 181.9 291.6 210.8 104.4
Cervical (n = 8050) 1 (lowest)  15.0 149 209 15.1 15.8 15.0 203 14.8
2 10.9 10.1 16.2 10.8 10.4 10.1  17.1 10.6
3 8.4 87 135 9.8 8.5 87 142 10.3
4 6.8 6.0 12.1 8.3 6.6 6.5 115 8.1
5 (highest) 55 8.1 103 7.1 5.6 8.0 9.0 7.1
Colorectal, male (n = 36,802) 1 (lowest)  72.5 74.1 415 50.9 73.9 75.1 428 51.9
2 66.1 70.9 494 50.4 65.8 66.9 48.7 54.0
3 62.5 70.6  53.7 52.6 61.5 69.7 54.6 51.1
4 61.5 65.7 63.9 55.2 61.1 70.2  60.0 54.2
5 (highest) 56.8 74.0 68.1 53.5 57.2 76.8 68.6 52.6
Colorectal, female (n = 35,293) 1 (lowest)  53.7 583 28.7 34.9 52.4 56.6 279 36.5
2 46.6 552 318 38.4 46.7 58.0 329 36.9
3 45.7 564 352 40.3 45.4 56.7  36.5 40.9
4 43.5 545 384 41.6 43.5 537 37.1 41.0
5 (highest) 42.4 50.3 434 40.6 429 474 429 40.7
Lung, male (n = 46,566) 1 (lowest) 133.6 1272 439 73.2 130.4 123.6  43.6 70.0
2 103.7 1148 452 64.6 100.7 117.6  46.0 67.8
3 89.4 102.6 48.2 65.7 89.8 107.9  50.0 63.7
4 75.3 94.0 52.1 58.9 75.0 89.6 474 57.9
5 (highest) 57.0 83.8 515 50.3 57.1 80.1 537 52.2
Lung, female (n = 40,527) 1 (lowest)  85.9 60.2 21.0 29.1 82.8 61.6 215 29.9
2 72.0 59.5 243 31.6 70.0 57.0 233 31.3
3 61.9 573  26.0 30.5 62.7 572 25.8 30.2
4 56.0 51.8  29.1 26.5 56.6 51.6 304 27.2
5 (highest) 49.5 452  36.0 28.4 49.6 472 36.1 27.9

? Block group level SES measure

® Census tract level SES measure

Prostate cancer rates among Hispanic men living in the
lowest SES areas were about 58% of the rates among those
in highest SES areas. For men in all other racial/ethnic
groups, prostate cancer rates among those residing in the
lowest SES areas ranged from 76 to 86% of the rates
among those in the highest SES areas.

SES gradients of cervical cancer rates also varied among
the racial/ethnic groups, but unlike female breast cancer and
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prostate cancer, rates were always higher for women living in
lower SES areas (Table 2). Larger gradients were observed
among non-Hispanic white and black women (Fig. 2). Based
on RII estimates, cervical cancer rates for non-Hispanic
white, black, Hispanic, and Asian/PI women living in the
lowest SES areas were between two and three times higher
than rates for women in the highest SES areas (Table 3;
Fig. 2).
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Fig. 1 Relative index of
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S o 39]. It is likely that the differences in fertility across SES
-4 ® were larger in Hispanic women compared to women of
f o other race/ethnicity, thus contributing to the biggest SES
3 o + disparity within any racial/ethnic groups.
2 Similar to SES gradients uncovered for breast cancer,
% o prostate cancer incidence rates increased with SES among
= all four racial/ethnic groups. The positive association
% A [-Ril=1 between SES and prostate cancer incidence is likely to
od & stem at least in part from the increased usage of PSA
) - - - 5 testing among men of higher SES. Hoffman [40] found that
‘x\"“\ Q,\‘b(’ Q«b‘s' ,bq being non-Hispanic white, younger, better educated, and
S <® 2 healthier were traits associated with screening-detected
Race/ethnicity prostate cancer, as opposed to clinically diagnosed disease.

Fig. 2 Relative index of inequality (RII, it represents the ratio of
cancer incidence in the lowest to the incidence in the highest
socioeconomic group) for socioeconomic status and 95% confidence
intervals of cancer incidence rates by race/ethnicity (consistent with
the census 2000, race/ethnicity categories were not mutually exclu-
sive): cervical cancer, California, 1998-2002

breast cancer incidence detected in this study was among
Hispanic women. The overall lower breast cancer inci-
dence rates, lower screening rates among Hispanic women
of lower SES [34], plus possibly larger gaps in reproduc-
tive factors across SES strata are likely to be the major
contributing factors for the sharper SES gradient among
Hispanic women. Fertility rates among Hispanic women
are higher than those in any other racial/ethnic groups [35],
and Mexican-American women in particular have the
highest fertility rates in every age group [36]. Foreign-born
immigrants from Mexico make up a large proportion of the
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However, screening alone does not fully explain the SES
gradient in prostate cancer incidence. In a study by Cheng
et al. [13], SES gradient persisted not only in non-aggres-
sive disease, the type of tumor most likely to be detected
through PSA screening, but also in aggressive disease.
Research on how the interaction between SES, stress, and
social support affects prostate cancer risk has been incon-
clusive [41, 42]. Interestingly, similar to the SES gradient
of breast cancer incidence in Hispanic women, Hispanic
men had the strongest within-racial group SES gradient,
although prostate incidence rates were much lower com-
pared to black and non-Hispanic white men. Hispanic men
tend to have lower PSA screening use than other racial/
ethnic groups [43], and it is likely that those of low SES are
even less likely to be screened.

While the incidence of breast and prostate cancers
increased with SES, the opposite was true for cervical
cancer. Steep SES gradients were seen in all four racial
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Fig. 3 Relative index of
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groups [8, 12, 44]. Sharp SES disparities in cervical cancer
incidence are likely due to disparities in screening and
differences in cervical cancer risk factors [45]. Studies
have suggested that female adolescents from families of
lower SES had first sexual intercourse at an early age [46,
47] and were less likely to use condoms [46] compared to
peers from families of higher SES. Besides, women of
lower SES generally had higher fertility than those of
higher SES. These factors all contribute to higher HPV
prevalence, the main risk factor for cervical cancer. Lower
cervical cancer screening rates among women of lower
SES also increase their risk of cervical cancer as regular
gynecologic examinations and Pap tests can detect and
treat precancerous abnormalities. The SES gradient was

Race/ethnicity

much stronger among non-Hispanic white women than in
any other group, even though their incidence rates of cer-
vical cancer are lower than rates among black and Hispanic
women. This strong gradient may be explained by the very
low incidence rates of the disease among non-Hispanic
white women in the highest SES group.

In contrast, the SES gradient for lung cancer incidence
varied by race/ethnicity, not only in magnitude but also in
direction. Among all but the Hispanic population, lower
SES was associated with increased lung cancer incidence,
an association that has been previously reported [48].
However, the strong SES gradient detected among His-
panics in California was in the opposite direction, in that
lung cancer incidence increased with increased SES.
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Different smoking and SES associations among Hispanic
vs. the non-Hispanic populations likely accounted for the
different direction of SES gradient. A positive association
between acculturation and smoking among Hispanic (pre-
dominantly Mexican) women was described in a review by
Bethel and Schenker [49]. Among Mexican-Americans, the
vast majority of California’s Hispanic population, accul-
turation and SES are closely related in that people of lower
acculturation level tend to be of lower SES position. In
fact, higher household income and higher level of accul-
turation were shown to be associated with higher smoking
prevalence among California’s Hispanics [50] and that
probably explained the higher incidence of lung cancer
among Hispanics in higher SES groups. Although the
prevalence of smoking among Hispanic women in general
was much lower compared to women in other racial/ethnic
groups, there have been worrisome suggestions that the
tobacco industry has increasingly aimed their advertising
toward Hispanic women, both Spanish speaking and Eng-
lish speaking [51].

Similar to lung cancer, the SES gradient of colorectal
cancer incidence varied by race/ethnicity both in magni-
tude and in direction. Our study found a small but signif-
icant negative association between SES and colorectal
cancer incidence among non-Hispanic whites, in agreement
with some previous studies [2], while the SES gradient
detected among Asian/PI females and Hispanic men and
women was in the opposite direction (i.e., higher SES was
associated with higher colorectal incidence). The opposite
SES gradient among Hispanic versus among non-Hispanic
white population may be partly explained by a different
relationship between SES and several colorectal cancer risk
factors such as diet, obesity, and smoking. Findings on the
association between acculturation and/or SES, diet and
obesity in American Hispanic populations have not been
consistent [52, 53]. One study observed obesity levels
decreased with increasing SES in Mexican women but not
Mexican men [54], yet another study found that higher SES
was associated with an increased incidence of obesity in
Mexican-American men and women [55]. A diet high in
red meat or processed meat appears to be associated with
an increased incidence of colorectal cancer risk, while diets
high in vegetables and fruits have been linked with a
decreased risk of the disease [56-59]. According to
California Health Interview Survey 2005 data [60],
healthier diet choices (eating more fruits and vegetables
and less fast food) were observed among non-Hispanic
whites with higher household income and among Hispanics
with lower household income. In a recent review article
[53] on the relationship of acculturation and diet among
Hispanics, less acculturated Hispanics were generally of
lower SES and consumed more fruit, rice, beans, and less
sugar than their counterparts. Thus, they may be at lower
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risk of colorectal cancer compared to the more acculturated
Hispanics from higher SES groups.

Limitations

Census blocks are the smallest geographic area for which
the Census Bureau collects and tabulates decennial census
data; they are more homogeneous with regard to SES than
census tracts or counties. However, because the Census
Bureau has to comply with requirements of the Disclosure
Review Board [61], it may not always be feasible to obtain
population and SES data at block group level. In our study,
SES disparities in cancer incidence, stratified by race/eth-
nicity and sex, yielded very similar results for both census
tract and block group area-based SES measures. Krieger
et al. [62] had also shown that block group and census tract
socioeconomic measures performed comparably within the
states of Massachusetts and Rhode Island. Therefore, when
census data at block group level are not available, it would
be a reasonable choice to use census tract level data to
calculate area-based SES measures.

Although the population of California is racially and
socioeconomically diverse, the variations of the SES dis-
parity in cancer incidence reported in our study may not
represent the experience of other states or the general U.S.
population. In particular, the cancer disparity phenomenon
observed among the California Hispanics, who are mostly
of Mexican descent, may not apply to other Hispanic
populations.

Nevertheless, results of the current study highlight the
importance of examining SES disparity of cancer incidence
stratified by race/ethnicity in order to understand the
complex relationships between cancer incidence, SES, and
race/ethnicity. The most striking finding was the distinctly
different pattern of SES disparity in the incidence of sev-
eral leading cancers for Hispanics versus other racial/ethnic
groups. The uniqueness of the SES disparity pattern in
Hispanics might be explained by their overall lower cancer
incidence and potentially different interactions between
SES and certain cancer risk factors (smoking, diet/obesity,
physical activity, and reproductive factors, etc.). According
to census population projections, Hispanics will account
for 44% of the population growth in the nation and 67% of
the growth in California [63]. Therefore, it is important to
describe and to understand the unique SES disparity of
cancer incidence within this population in order to develop
effective programs to reduce SES disparities and the cancer
burden in this population.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which



Cancer Causes Control (2010) 21:1721-1730

1729

permits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Baquet CR, Horm JW, Gibbs T, Greenwald P (1991) Socioeco-
nomic factors and cancer incidence among blacks and whites.
J Natl Cancer Inst 83(8):551-557

2. Gorey KM, Vena JE (1994) Cancer differentials among US
blacks and whites: quantitative estimates of socioeconomic-
related risks. J Natl Med Assoc 86(3):209-215

3. Devesa SS, Diamond EL (1983) Socioeconomic and racial differ-
ences in lung cancer incidence. Am J Epidemiol 118(6):818-831

4. Clegg LX, Reichman ME, Miller BA, Hankey BF, Singh GK,
Lin YD et al (2009) Impact of socioeconomic status on cancer
incidence and stage at diagnosis: selected findings from the sur-
veillance, epidemiology, and end results: National Longitudinal
Mortality Study. Cancer Causes Control 20(4):417-435

5. Harper S, Lynch J, Meersman SC, Breen N, Davis WW, Reich-
man MC (2009) Trends in area-socioeconomic and race-ethnic
disparities in breast cancer incidence, stage at diagnosis,
screening, mortality, and survival among women ages 50 years
and over (1987-2005). Cancer Epidemiol Biomarkers Prev
18(1):121-131

6. Harper S, Lynch J, Meersman SC, Breen N, Davis WW, Reich-
man ME (2008) An overview of methods for monitoring social
disparities in cancer with an example using trends in lung cancer
incidence by area-socioeconomic position and race-ethnicity,
1992-2004. Am J Epidemiol 167(8):889-899

7. Liu L, Deapen D, Bernstein L (1998) Socioeconomic status and
cancers of the female breast and reproductive organs: a com-
parison across racial/ethnic populations in Los Angeles County,
California (United States). Cancer Causes Control 9(4):369-380

8. Krieger N, Quesenberry C Jr, Peng T, Horn-Ross P, Stewart S,
Brown S et al (1999) Social class, race/ethnicity, and incidence of
breast, cervix, colon, lung, and prostate cancer among Asian,
Black, Hispanic, and White residents of the San Francisco Bay
Area, 1988-92 (United States). Cancer Causes Control 10(6):
525-537

9. Liu L, Cozen W, Bernstein L, Ross RK, Deapen D (2001)
Changing relationship between socioeconomic status and prostate
cancer incidence. J Natl Cancer Inst 93(9):705-709

10. Yost K, Perkins C, Cohen R, Morris C, Wright W (2001)
Socioeconomic status and breast cancer incidence in California
for different race/ethnic groups. Cancer Causes Control 12(8):
703-711

11. Krieger N, Chen JT, Waterman PD, Rehkopf DH, Yin R,
Coull BA (2006) Race/ethnicity and changing US socioeconomic
gradients in breast cancer incidence: California and Massachu-
setts, 1978-2002 (United States). Cancer Causes Control 17(2):
217-226

12. Singh GK MB, Hankey BF, Edwards BK (2003) Area socio-
economic variations in U.S. Cancer Incidence, Mortality, Stage,
Treatment, and Survival, 1975-1999. NCI Cancer Surveillance
Monograph Series, Number 4. National Cancer Institute,
Bethesda, MD. NIH Publication No. 03-5417

13. Cheng I, Witte JS, McClure LA, Shema SJ, Cockburn MG, John
EM, et al. (2009) Socioeconomic status and prostate cancer
incidence and mortality rates among the diverse population of
California. Cancer Causes Control

14. McDougall JA, Madeleine MM, Daling JR, Li CI (2007) Racial
and ethnic disparities in cervical cancer incidence rates in the
United States, 1992-2003. Cancer Causes Control 18(10):
1175-1186

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kawachi I, Berkman L (2003) Neighborhoods and health. Oxford
University Press, New York

Krieger N, Williams DR, Moss NE (1997) Measuring social class
in US public health research: concepts, methodologies, and
guidelines. Annu Rev Public Health 18:341-378

Diez Roux AV (2001) Investigating neighborhood and area
effects on health. Am J Public Health 91(11):1783-1789

Diez Roux AV (2004) The study of group-level factors in epi-
demiology: rethinking variables, study designs, and analytical
approaches. Epidemiol Rev 26:104-111

Pickett KE, Pearl M (2001) Multilevel analyses of neighbourhood
socioeconomic context and health outcomes: a critical review.
J Epidemiol Commun Health 55(2):111-122

MacKinnon JA, Duncan RC, Huang Y, Lee DJ, Fleming LE, Voti
L et al (2007) Detecting an association between socioeconomic
status and late stage breast cancer using spatial analysis and
area-based measures. Cancer Epidemiol Biomarkers Prev 16(4):
756-762

Stewart SL, Swallen KC, Glaser SL, Horn-Ross PL, West DW
(1998) Adjustment of cancer incidence rates for ethnic mis-
classification. Biometrics 54(2):774-781

Census 2000 Summary File 4 Technical Documentation (2003)
U.S. Census Bureau

Bauer KR, Brown M, Cress RD, Parise CA, Caggiano V (2007)
Descriptive analysis of estrogen receptor (ER)-negative, proges-
terone receptor (PR)-negative, and HER2-negative invasive
breast cancer, the so-called triple-negative phenotype: a popula-
tion-based study from the California cancer Registry. Cancer
109(9):1721-1728

Brown M, Tsodikov A, Bauer KR, Parise CA, Caggiano V (2008)
The role of human epidermal growth factor receptor 2 in the
survival of women with estrogen and progesterone receptor-
negative, invasive breast cancer: the California Cancer Registry,
1999-2004. Cancer 112(4):737-747

Zell JA, Rhee JM, Ziogas A, Lipkin SM, Anton-Culver H (2007)
Race, socioeconomic status, treatment, and survival time among
pancreatic cancer cases in California. Cancer Epidemiol Bio-
markers Prev 16(3):546-552

Ou SH, Zell JA, Ziogas A, Anton-Culver H (2008) Low socio-
economic status is a poor prognostic factor for survival in stage I
nonsmall cell lung cancer and is independent of surgical treat-
ment, race, and marital status. Cancer 112(9):2011-2020

Clarke CA, Glaser SL, Keegan TH, Stroup A (2005) Neighborhood
socioeconomic status and Hodgkin’s lymphoma incidence in
California. Cancer Epidemiol Biomarkers Prev 14(6):1441-1447
Parikh-Patel A, Bates JH, Campleman S (2006) Colorectal cancer
stage at diagnosis by socioeconomic and urban/rural status in
California, 1988-2000. Cancer 107(5 Suppl):1189-1195

Census 2000 Summary File 1 (2001) U.S. Census Bureau
Harper S, Lynch J (2005) Methods for measuring cancer dis-
parities: using data relevant to healthy people 2010 cancer-related
objectives. NCI Cancer Surveillance Monograph Series, Number
6. National Cancer Institute, Bethesda, MD. NIH Publication No.
05-5777

Sergeant JC, Firth D (2006) Relative index of inequality: defi-
nition, estimation, and inference. Biostatistics 7(2):213-224
Wagstaff A, Paci P, van Doorslaer E (1991) On the measurement
of inequalities in health. Soc Sci Med 33(5):545-557

Krieger N, Waterman PD, Chen JT, Rehkopf DH, Subramanian
SV. Geocoding and monitoring US socioeconomic inequalities in
health: an introduction to using area-based socioeconomic mea-
sures—The Public Health Disparities Geocoding Project
monograph

Rodriguez MA, Ward LM, Perez-Stable EJ (2005) Breast and
cervical cancer screening: impact of health insurance status,
ethnicity, and nativity of Latinas. Ann Fam Med 3(3):235-241

@ Springer



1730

Cancer Causes Control (2010) 21:1721-1730

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Dye JL (2005) Fertility of American Women: June 2004.
Current Population Reports, P20-555. U.S. Census Bureau
Washington, DC

Bachu A (1995) Fertility of American Women: June 1994, U.S.
Bureau of the Census. Current Population Reports, P20-482, U.S.
Government Printing Office, Washington, DC

Census Bureau Public Use Microdata Sample 1 percent (PUMS
1%)—78% Hispanic in California were of Mexican origin and
over 40% were foreign-born

Lewis C, Ventura S (1990) Birth and fertility rates by education:
1980 and 1985. Vital and health statistics series 21, Data on
natality, marriage, and divorce. 49:1-40

Stoops N (2004) Educational attainment in the United States:
2003. Current population reports P20-550. U.S. Census Bureau
Hoffman RM, Stone SN, Espey D, Potosky AL (2005) Differ-
ences between men with screening-detected versus clinically
diagnosed prostate cancers in the USA. BMC Cancer 5:27
Coker AL, Sanderson M, Ellison GL, Fadden MK (2006) Stress,
coping, social support, and prostate cancer risk among older
African American and Caucasian men. Ethn Dis 16(4):978-987
Nielsen NR, Kristensen TS, Zhang ZF, Strandberg-Larsen K,
Schnohr P, Gronbaek M (2007) Sociodemographic status, stress,
and risk of prostate cancer. A prospective cohort study. Ann
Epidemiol 17(7):498-502

Haque R, Van Den Eeden SK, Jacobsen SJ, Caan B, Avila CC,
Slezak J et al (2009) Correlates of prostate-specific antigen
testing in a large multiethnic cohort. Am J Manag Care 15(11):
793-799

Singh GK, Miller BA, Hankey BF, Edwards BK (2004) Persistent
area socioeconomic disparities in U.S. incidence of cervical
cancer, mortality, stage, and survival, 1975-2000. Cancer 101(5):
1051-1057

Akers AY, Newmann SJ, Smith JS (2007) Factors underlying
disparities in cervical cancer incidence, screening, and treatment
in the United States. Curr Probl Cancer 31(3):157-181

Santelli JS, Lowry R, Brener ND, Robin L (2000) The association
of sexual behaviors with socioeconomic status, family structure,
and race/ethnicity among US adolescents. Am J Public Health
90(10):1582-1588

Wellings K, Field B (1996) Sexual behaviour in young people.
Baillieres Clin Obstet Gynaecol 10(1):139-160

Sidorchuk A, Agardh EE, Aremu O, Hallqvist J, Allebeck P,
Moradi T (2009) Socioeconomic differences in lung cancer
incidence: a systematic review and meta-analysis. Cancer Causes
Control 20(4):459-471

Bethel JW, Schenker MB (2005) Acculturation and smoking pat-
terns among Hispanics: a review. Am J Prev Med 29(2):143-148

@ Springer

50.

51

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

Navarro AM (1996) Cigarette smoking among adult Lations: The
California Tobacco Baseline Survey. Ann Behav Med 18(4):
238-245

Landrine H, Klonoff EA, Fernandez S, Hickman N, Kashima K,
Parekh B et al (2005) Cigarette advertising in Black, Latino, and
White magazines, 1998-2002: an exploratory investigation. Ethn
Dis 15(1):63-67

Akresh IR (2007) Dietary assimilation and health among hispanic
immigrants to the United States. J Health Soc Behav 48(4):
404-417

Ayala GX, Baquero B, Klinger S (2008) A systematic review of
the relationship between acculturation and diet among Latinos in
the United States: implications for future research. J Am Diet
Assoc 108(8):1330-1344

Stern MP, Rosenthal M, Haffner SM, Hazuda HP, Franco LJ
(1984) Sex difference in the effects of sociocultural status on
diabetes and cardiovascular risk factors in Mexican Americans.
The San Antonio Heart Study. Am J Epidemiol 120(6):834-851
Pawson IG, Martorell R, Mendoza FE (1991) Prevalence of
overweight and obesity in US Hispanic populations. Am J Clin
Nutr 53(6 Suppl):1522S5-1528S

Campos FG, Logullo Waitzberg AG, Kiss DR, Waitzberg DL,
Habr-Gama A, Gama-Rodrigues J (2005) Diet and colorectal
cancer: current evidence for etiology and prevention. Nutr Hosp
20(1):18-25

Willett WC (2000) Diet and cancer. Oncologist 5(5):393-404
Michels KB, Edward G, Joshipura KJ, Rosner BA, Stampfer MJ,
Fuchs CS et al (2000) Prospective study of fruit and vegetable
consumption and incidence of colon and rectal cancers. J Natl
Cancer Inst 92(21):1740-1752

Terry P, Giovannucci E, Michels KB, Bergkvist L, Hansen H,
Holmberg L et al (2001) Fruit, vegetables, dietary fiber, and risk
of colorectal cancer. J Natl Cancer Inst 93(7):525-533
California Health Interview Survey (CHIS) Available from:
http://www.chis.ucla.edu/main/default.asp

U.S. Census Bureau Disclosure Review Board. Available from:
http://www.census.gov/srd/sdc/wendy.drb.faq.pdf

Krieger N, Chen JT, Waterman PD, Soobader MJ, Subramanian
SV, Carson R (2002) Geocoding and monitoring of US socio-
economic inequalities in mortality and cancer incidence: does the
choice of area-based measure and geographic level matter? The
Public Health Disparities Geocoding Project. Am J Epidemiol
156(5):471-482

Campbell PR (1996) Population projections for states by age, sex,
race, and hispanic origin: 1995-2025. U.S. Bureau of the Census,
Population Division, PPL-47


http://www.chis.ucla.edu/main/default.asp
http://www.census.gov/srd/sdc/wendy.drb.faq.pdf

	Does socioeconomic disparity in cancer incidence vary across racial/ethnic groups?
	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Incidence data
	Population data
	SES measure
	Data analysis

	Results
	Discussion
	Limitations
	Open Access
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


