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Abstract
Purpose  There are clearly documented inequalities in cancer incidence by socioeconomic position, but it is unclear whether 
this is due primarily to differences in tobacco exposure and screening practices or to other factors.
Methods  Our study included 741,373 incident cases of invasive cancer from 2008 to 2012 in California. We calculated age-
standardized incidence rates across twelve categories of census tract poverty as a measure of socioeconomic position (SEP) 
for (1) all cancer sites combined, (2) sites not strongly related to tobacco use, (3) sites not related to screening, and (4) sites 
not related to tobacco use or screening.
Results  There was higher cancer incidence among those living in areas with higher levels of poverty for sites not strongly 
related to tobacco use or screening, among Whites, Blacks, and Asians, but not among Latinos. Among Whites there was 
no relationship with census tract poverty at lower levels of poverty—the relationship with cancer incidence was primarily 
among those in higher poverty. For Blacks and Asians, there is a more linear relationship with cancer incidence across levels 
of poverty.
Conclusions  SEP gradients in cancer incidence remain after exclusion of cancer sites strongly related to tobacco use and 
screening. Our findings demonstrate a need for research on other environmental and social causes of cancer where exposures 
are differentially distributed by SEP.
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Introduction

For cancer incidence in the United States, all-site and site-
specific inequalities by race/ethnicity are documented and 
consistently reported [1, 2]. However, there is also evi-
dence for all-site and site-specific inequalities in incidence 
by socioeconomic position (SEP) such that, with notable 
exceptions for breast and a few other cancers, persons of 
higher SEP generally have lower incidence [3, 4]. It is well 
documented that the greatest contributor to this inequality 
in industrialized countries is the higher rates of smoking 
among lower SEP individuals resulting in higher rates of 
lung and other cancer sites among lower SEP individuals, 
whether measured by income or level of education [5], 
and found consistently across 67 studies in a meta-analysis 
[6]. Conversely, SEP differences in cancer incidence in the 
U.S. are also influenced by screening practices. Screening 
for cervical cancer [7], colorectal cancer [8], breast cancer 
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[9], and prostate cancer [10] is all are more common for 
higher SEP individuals, resulting in the potential for case 
ascertainment bias, and thus bias in the true SEP differ-
ences in cancer incidence. Analysis of time trends in SEP 
differences in prostate cancer demonstrates an example of 
this. While there were no SEP differences in prostate can-
cer incidence at the time screening was introduced, after 
introduction higher incidence was found among higher 
SEP individuals [11].

Despite a longstanding interest in using descriptive 
epidemiology to understand SEP patterns in cancer [12], 
prior work has not attempted to understand SEP gradients 
accounting for these already well-documented reasons 
for SEP differences in cancer incidence. In order to move 
towards a better understanding of these causes of SEP 
inequalities in cancer incidence, it is useful to answer the 
following question: are these inequalities primarily due to 
the well-documented differences in tobacco use and cancer 
screening by SEP, or do other factors also contribute?

The primary descriptive hypothesis that we test is that 
socioeconomic inequalities in cancer incidence are influ-
enced by other factors in addition to differential rates of 
screening (higher among high SEP) and tobacco use (higher 
among low SEP). While there is evidence for a wide range 
of determinants for site-specific cancers [13], it is less clear 
how different causes impact the population-level magnitude 
of SEP inequalities in cancer incidence. Inability to reject 
this hypothesis does not prove, but is consistent with a sub-
stantial contribution of other causes to SEP inequalities in 
cancer incidence.

Our secondary descriptive hypothesis is that there will be 
a non-linear dose–response relationship between area SEP 
and non-tobacco and non-screening-related cancer inci-
dence with a stronger relationship at lower levels of SEP. 
We hypothesize that there will be greater SEP differences in 
cancer incidence between lower SEP areas as compared to 
higher SEP areas. While gradients differ by cancer site and 
racial/ethnic group [14], the extent to which inequalities in 
cancer incidence are evenly distributed (i.e., in a linear man-
ner) across SEP is unknown. Prior analyses suggest this is 
the case for mortality [15] and other outcomes, such as car-
diovascular diseases [16]. However, prior work using broad 
categories of SEP has not provided an answer to the nature 
of this gradient for cancer incidence [17, 18]. The impor-
tance of testing this descriptive hypothesis is twofold. First, 
it will help guide etiologic research looking into potentially 
causal factors that have distributions across SEP consistent 
with distributions of incidence. Second, it will help to clarify 
which populations are in greatest need of interventions and 
services to prevent cancer.

In this study we focused on California, a large geographic 
region with an ethnically and socioeconomically diverse 
population. We evaluated data from years 2008 to 2012 to 

have the most accurate denominator data from the year 2010 
United States Census.

Materials and methods

Incident cancer source

Incident cancer data from 2008 to 2012 were obtained from 
the California Cancer Registry, for all ages, and for all 58 
California counties. We selected this range of years in order 
to have the most accurate full-count population data when 
calculating incidence rates stratified by both race/ethnicity 
and ten categories of census tract poverty. The total number 
of incident cases observed in this time period was 897,277. 
Race/ethnicity was defined using data from the medical 
record, which is based on either self-report or health-care 
provider notes. We used the census-designated categories 
of white non-Hispanic, black non-Hispanic, Latino, or 
Hispanic, and Asian non-Hispanic (hereafter white, black, 
Latino, and Asian). Due to small sample size among the 
California Native American population, findings in this sub-
population were not presented. To be consistent with the 
denominator data from the census, we excluded from our 
analysis individuals (< 1% of the population) who identified 
with two or more racial/ethnic groups. When multiple sites 
of cancer were recorded for an individual, we included only 
the first recorded site (first primary), which reduced the total 
number of incident cases to 844,047. Fewer than 1% of cases 
could not be linked to census tract poverty levels (n = 4,243) 
resulting in a sample of 839,806. Finally, we limited our 
analysis to only invasive cancers, which resulted in a final 
analytic sample size of 741,373. Table S1 shows the number 
of incident cases by site-specific grouping and race/ethnic-
ity, demonstrating that we have a sufficient sample size for 
our analyses. We focused our analysis on adults aged 25–64 
at the time the incident cancer was identified to limit the 
impact of mortality selection on our estimated associations, 
but also present analyses for the population age 65 and older. 
We include ages 25 and above because our primary focus is 
on understanding the socioeconomic gradients in cancer in 
the entire population. Although for most individuals screen-
ing starts at the age of 50, we include all ages in our analysis 
since some individuals are screened at an earlier age if they 
have a family history of cancer.

We defined sites as strongly tobacco related if the aver-
age relative risk across multiple studies of cancer incidence 
for that site was 2.0 or greater (oral cavity and pharynx, 
esophagus, larynx, lung and bronchus, kidney and renal pel-
vis, other urinary) [19] coded as (C000-C069, C090-C159, 
C250-C259, C300-C349, C640-C659). Colon, rectum, 
breast, cervix, and prostate sites were considered commonly 
screen detected. For breast cancer, there were only 978 cases 
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among men (0.69% of cases), therefore rates of breast can-
cer are presented among women only. These categories 
were defined by the following ICD-O-3 codes for cancer 
sites related to screening (C180-C189, C199, C209-C219, 
C260-C269, C500-C509, C530-C539, C619).

Population data source

Population data for calculating denominators were obtained 
from the SF1 files of the 2010 U.S. census [20].

Measure of socioeconomic position

We used levels of poverty obtained from the U.S. census 
by census tract as the measure of SEP in this analysis. In 
the year 2010, the federal poverty line was $10,830 for one 
person, $14,570 for two persons in the same household, and 
$22,050 for a four-person household [21]. Percent census 
tract poverty was used from 12 a priori defined catego-
ries (0.0–2.4%, 2.5–4.9%, 5.0–7.4%, 7.5–9.9%, 10–12.4%, 
12.5–14.9%, 15–17.4%, 17.5–19.9%, 20–24.9%, 25–29.9%, 
30–39.9%,  ≥ 40%). Greater than 20% of residents of an 
area living in poverty is designated by the US Bureau of 
the Census as a “poverty area,” and > 40% of residents liv-
ing in poverty is designated as an “extreme poverty area” 
[22]. Figure 1 shows the distribution of poverty by these 
categories for the full population, Whites, Blacks, Latinos, 
and Asians. Online resource Figure S1 shows the popula-
tion distribution of poverty for the full population, Whites, 
Blacks, Latinos, and Asians with a continuous measure of 
poverty rather than the 12 categories we used for analyses. 
These figures show that the categories accurately capture 
the distributions of poverty within racial/ethnic populations. 
The fact that there are a particularly large number of zero 
poverty census tracts and a few very high poverty census 
tracts demonstrates the importance of using categories in 
our analyses so that results will not be unduly influenced by 
extremely high or low values.

Prior work has validated percent poverty at the census 
tract level as a useful measure of area SEP [23, 24]. For 
descriptive epidemiologic investigation, using a census 
tract derived area-based socioeconomic measure has sev-
eral advantages [25]. First, it reduces bias from those who 
refuse to report an individual-level socioeconomic measure, 
or for those who misreport, which may be common [26]. 
Secondly, it avoids conflating cohort and age differences that 
occur when using individual measures of SEP. For example, 
household earnings do not capture SEP in an equivalent way 
for older individuals who are not in the paid labor force as 
compared to individuals in the paid labor force, and a high 
school diploma has a different economic meaning for indi-
viduals from different birth cohorts [27]. These may be part 
of the reason that individual-level education, for example, 

has been associated with smaller differences in mortality 
than census tract-based measures [28].

Statistical methods

Cancer incidence rates were age standardized to the year 
2000 (US standard million) within race and SEP strata. 
Smoothed models of age-standardized incidence rates 
across levels of SEP were fit with a generalized additive 
model based on penalized splines [29]. The advantage of this 
method as compared to a fully categorical approach to exam-
ining socioeconomic differences in cancer rates is that the 
smoothed model borrows strength from adjacent categories, 
allowing a more robust and stable analysis of socioeconomic 
differences over categories with relatively smaller numbers 
of events. These models also allow us to relax the assump-
tion that there is a linear relationship of cancer incidence 
across the 12 poverty categories. 95% confidence intervals 
(CI) were obtained using the inverse probability of the stand-
ard error. Age standardization was performed using the age-
adjust.direct function from the EpiTools R package [30]. 
Smoothed generalized additive models were fit using the 
mgcv package in R, version 2.9.2 [31].

We also present models using a general linear model with 
age-standardized cancer incidence as the dependent variable 
and poverty category as the independent variable, weighted 
by population size across poverty strata. While these models 
have the limitation of assuming a linear relationship across 
categories of poverty with cancer incidence, they have the 
advantage of allowing us to estimate coefficients of the dif-
ferences in incidence rates across categories of census tract 
poverty, along with 95% CI.

Results

Figure 1 shows the population distribution of poverty for the 
full population, Whites, Blacks, Latinos, and Asians. For the 
black and the Latino populations, there is a relatively even 
population distribution across poverty categories, except for 
the population in the highest poverty category [12], which is 
the population living in areas with 40% or more households 
in poverty. For Whites and Asians, the most individuals live 
in the lowest poverty areas and we observed a generally 
monotonically decreasing prevalence of individuals living 
in each category of higher poverty levels. While there is an 
adequate number of individuals across categories to estimate 
relatively stable incidence rate ratios, the wider confidence 
intervals in some parts of poverty distributions reflect the 
smaller populations in some of these categories.

Figure 2 presents age-standardized incidence rates (per 
100,000) for cancer incidence smoothed across poverty cat-
egory, by cancer site category, among Asian, black, Latino, 
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and white populations, aged 25–64 in California from 2008 
to 2012. The X axis on each plot differs because the focus 
is on the relative comparisons across levels of poverty 
within classifications of cancer sites. For all sites of cancer 
(upper left panel), in terms of absolute levels, rates are much 
higher for Whites (light gray solid line) and Blacks (medium 
gray-dashed line) than for Asians (black dot-dash line) and 
Latinos (dark gray-dotted line). In considering differences 
by level of poverty, the largest differences in incidence by 
poverty are observed for Whites, followed by Blacks, and 
Asians. All-site cancer incidence among Latinos has the 
opposite relationship, higher levels in lower poverty census 

tracts. Our primary hypothesis is to compare these relation-
ships with those sites not related to screening or strongly 
related to tobacco use (upper right panel). While the abso-
lute level of cancer incidence is lower among this restricted 
group of cancer sites, the relative differences between high 
and low levels of poverty are similar. The plot shows higher 
levels of incidence among those living in higher poverty 
areas for Whites, Blacks, and Asians, but lower incidence in 
higher poverty areas among Latinos. The reasons that these 
associations remain similar can be understood by examining 
the relationships shown in the second and third rows of the 
figure. Cancer sites related to screening have lower level of 

0.00

0.05

0.10

0.15

1 2 3 4 5 6 7 8 9 10 11 12
lowest poverty (1) to highest poverty (12)

po
pu

la
tio

n 
pr

op
or

tio
n

Poverty Distribution (full)

0.0

0.1

0.2

1 2 3 4 5 6 7 8 9 10 11 12
lowest poverty (1) to highest poverty (12)

po
pu

la
tio

n 
pr

op
or

tio
n

Poverty Distribution (white)

0.00

0.03

0.06

0.09

0.12

1 2 3 4 5 6 7 8 9 10 11 12
lowest poverty (1) to highest poverty (12)

po
pu

la
tio

n 
pr

op
or

tio
n

Poverty Distribution (black)

0.00

0.03

0.06

0.09

1 2 3 4 5 6 7 8 9 10 11 12
lowest poverty (1) to highest poverty (12)

po
pu

la
tio

n 
pr

op
or

tio
n

Poverty Distribution (Latino)

0.00

0.05

0.10

0.15

0.20

1 2 3 4 5 6 7 8 9 10 11 12
lowest poverty (1) to highest poverty (12)

po
pu

la
tio

n 
pr

op
or

tio
n

Poverty Distribution (Asian)

Fig. 1   Population distribution of poverty by category, California 
2000, for the full population and for racial/ethnic categories, U.S. 
Census. Poverty categories are 1) < 2.5% census tract poverty, 2) 2.5 
to < 5% census tract poverty, 3) 5 to < 7.5% census tract poverty, 4) 
7.5 to < 10% census tract poverty, 5) 10 to < 12.5% census tract pov-

erty, 6) 12.5 to < 15% census tract poverty, 7) 15 to < 17.5% census 
tract poverty, 8) 17.5 to < 20% census tract poverty, 9) 20 to < 25% 
census tract poverty, 10) 25 to < 30% census tract poverty, 11) 30 
to < 40% census tract poverty, 12) 40 to 100% census tract poverty
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incidence at higher levels of poverty, while sites strongly 
related to tobacco use have greater incidence among indi-
viduals living in higher poverty areas. When removing sites 
not related to screening (middle row right panel)—the mag-
nitude of difference in incidence across level of poverty is 
greater for Blacks, Whites, and Asians, and the inverse soci-
oeconomic gradient for Latinos is decreased in magnitude. 

For sites strongly related to tobacco use (lower left plot) 
there are much higher rates in higher poverty areas, espe-
cially for Blacks and Whites. For sites not strongly related 
to tobacco use (lower right panel), there remain similar gra-
dients for Whites and Latinos as compared to all sites, but 
there are null associations among Blacks and Asians.
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Fig. 2   Model-based age-standardized cancer incidence rate (per 
100,000) by poverty category, California, 2008–2012, ages 25–64. 
The panels show rates by cancer site groups. The lines show rates by 
racial/ethnic group: Whites (light gray solid line), Blacks (medium 

gray-dashed line), Latinos (dark gray-dotted line), and Asians (black 
dot-dash line). The gray area flanking the estimates indicates the 95% 
CI. Note that scale and range of the vertical axes differ due to differ-
ent rates between cancer site categories
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In consideration of our secondary hypothesis of the lin-
earity of the associations, among Whites we see no rela-
tionship with census tract poverty at lower levels of pov-
erty, and only see the relationship with cancer incidence 
among those in higher poverty. For Blacks and Asians, 
there is a more linear relationship across levels of poverty.

Figure 3 presents the same categorization of cancer sites 
and population stratifications by race/ethnicity, but for the 
population age 65 and above. While the incidence rates are 
higher in this older population, the shapes of the associa-
tions with level of poverty are generally similar to those 
aged 25–64. One difference in poverty gradients is that SEP 
inequalities among Blacks are diminished in the 65 and over 
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Fig. 3   Model-based age-standardized cancer incidence rate (per 
100,000) by poverty category, California, 2008–2012, ages 65 and 
above. The panels show rates by cancer site groups. The lines show 
rates by racial/ethnic group: Whites (light gray solid line), Blacks 

(medium gray-dashed line), Latinos (dark gray-dotted line), and 
Asians (black dot-dash line). The gray area flanking the estimates 
indicates the 95% CI. Note that scale and range of the vertical axes 
differ due to different rates between cancer site categories
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population as compared to the 25–64-year-old population. 
In addition, among sites not strongly related to tobacco use 
or screening (upper right plot), there is a U-shaped relation-
ship with higher levels of incidence at both lower and higher 
levels of poverty among Whites.

As a complementary approach to quantifying the differ-
ence in cancer incidence rates by level of poverty, we fit gen-
eralized linear models to the poverty category-specific age-
standardized rates, for the populations aged 25–64 and 65 
and older, by racial/ethnic group (Table 1). The coefficients 
can be interpreted as the difference in the age-standardized 
incidence rate per category of poverty, with 1 the lowest 
category of census tract poverty and 12 the highest category 
of census tract poverty. We find higher rates of cancer inci-
dence at higher levels of poverty for causes not strongly 
related to tobacco use or screening for Whites aged 25–64, 
Blacks 25–64, and for Asians 25–64 and 65 and above. We 
find lower rates at higher levels of poverty for Latinos 25–64 
and 65 and above.

A supplemental set of analyses described relationships 
between cancer incidence and poverty for women only 
and men only among the full population, Whites, Blacks, 
Latinos, and Asians aged 25–64 (Online resource Tables 
S2 through S6). Our focus in interpreting these models 
was whether the confidence intervals for women and men 
overlapped for the relationships between poverty and non-
screening/non-tobacco cancer incidence, indicating simi-
lar relationships between incidence and poverty between 

genders. We found evidence of differences in the relation-
ship for black men and women aged 25–64, where there 
was a stronger relationship with poverty level for black men. 
We also found differences among Asian men and women 
aged 25–64 and 65 and older, where they were also stronger 
among men.

Discussion

There are higher incidence rates of all-site cancer in higher 
poverty areas among Whites, Blacks, and Asians, but higher 
incidence rates in lower poverty areas among Latinos. The 
same pattern was observed for sites not strongly associated 
with tobacco use and screening practices. In the total popula-
tion, we found higher cancer incidence rates in lower pov-
erty areas, but this is due to confounding by race/ethnicity 
primarily due to the larger population of Latinos with lower 
incidence rates living in higher poverty areas. This finding 
is consistent with there being a substantial impact of the 
healthy immigrant effect on Latino cancer rates [32]. Even 
as tobacco-related cancer incidence is an important source 
of higher cancer incidence in higher poverty areas, our data 
demonstrate additional socioeconomically related determi-
nants of cancer incidence among Blacks, Whites, and Asian 
men that are not strongly related to either tobacco or screen-
ing practices. We also show that for Blacks and Asians, this 
non-tobacco and non-screening risk is linear across poverty 

Table 1   Generalized linear model coefficients (95% CI) for poverty category and cancer incidence rates (per 100,000), California, 2008–2012

Age standardization was done to the year 2000 standard million population by 5-year age category. Data are from the full California population 
aged 25 and older. Lowest level of poverty is one, highest level of poverty is 12

All sites Screening Non-screening Tobacco Non-tobacco Non-tobacco/non-
screening

Total
 Age 25–64 − 3.9 (− 4.4, − 3.3) − 3.2 (− 3.6, − 2.8) − 0.17 (− 0.49, 

0.16)
1.5 (1.2, 1.8) − 5.4 (− 6.0, − 4.7) − 1.6 (− 2.0, − 1.3)

 Age 65+ − 20 (− 22, − 17) − 10 (− 12, − 8.9) − 9.0 (− 11, − 7.3) 3.7 (1.8, 5.6) − 24 (− 27, − 20) − 13 (− 14, − 11)
White
 Age 25–64 4.8 (2.9, 6.7) − 1.7 (− 2.5, − 1.0) 7.1 (5.7, 8.4) 5.3 (4.8, 5.8) − 0.50 (− 2.1, 1.1) 1.8 (0.69, 2.8)
 Age 65+ 17.5 (9.1, 26) − 1.7 (− 4.9, 1.6) 20 (14, 25) 23.4 (14, 25) − 6.0 (− 13, 0.90) − 3.9 (− 8.0, 0.15)

Black
 Age 25− 64 3.4 (2.0, 4.8) − 2.4 (− 3.5, − 1.3) 6.4 (5.6, 7.1) − 2.4 (− 3.5, − 1.3) − 0.58 (− 1.9, 0.73) 2.3 (1.8, 2.8)
 Age 65+ 8.7 (− 0.41, 18) − 4.4 (− 11, 2.1) 13 (6.5, 20) 11 (6.5, 15) − 2.2 (− 10, 6.0) 2.2 (− 2.3, 6.7)

Latino
 Age 25–64 − 5.2 (− 6.2, − 4.1) − 3.3 (− 3.9, 2.8) − 1.5 (− 2.2, − 0.73) − 0.26 (− 0.63, 

0.11)
− 4.9 (− 5.7, − 4.1) − 1.2 (− 1.6, − 0.76)

 Age 65+ − 28 (− 34, − 23) − 13 (− 15, 11) − 14 (− 19, − 10) − 5.0 (− 6.9, − 3.0) − 23 (− 28, − 19) − 9.5 (− 13, − 6.3)
Asian
 Age 25–64 1.2 (0.43, 2.0) − 1.1 (− 1.8, 

− 0.48)
2.8 (2.3, 3.3) 1.3 (0.90, 1.7) − 0.061 (− 0.84, 

0.71)
1.5 (1.1, 2.0)

 Age 65+ − 3.0 (− 7.3, 1.3) − 9.0 (− 11, − 6.9) 6.3 (3.0, 9.7) 3.7 (1.3, 6.0) − 6.7 (− 9.3, − 4.1) 2.7 (1.0, 4.2)
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categories, but among Whites the increased risk is primarily 
among those living in higher poverty areas.

Strengths of our analysis include the fact that our data are 
from the entire California population, thus minimizing sam-
ple selection bias. This large population-based data set also 
provided a large sample size to test racial/ethnic strata and 
many categories of census tract poverty with sufficient sta-
tistical power. A further strength of our analysis was the use 
of generalized additive models to test the non-linear depend-
ence of cancer incidence on census tract percent poverty. 
Further, our findings justified the simultaneous considera-
tion of race/ethnicity and SEP on cancer incidence. Studies 
examining only one of these factors are likely to produce 
misleading results, as was the case with the analysis of pov-
erty differences in cancer incidence in the total population. 
We specifically focused on cancer incidence rather than 
mortality because this provides a perspective on etiologic 
factors and screening rather than on treatment, long-term 
survivor care, and comorbidity that would introduce health 
system-related factors into socioeconomic gradients in mor-
tality. Our findings are not likely due to differential access 
to medical care or other health services because we also 
performed analyses by removing sites of cancer for which 
screening is performed.

One possible weakness of the current study is the use 
of an area-based rather than individual-level measure of 
SEP. The limitation is not one of ecologic fallacy because 
we do not attribute causes to individual-level exposures 
and we do analyze individual-level demographic and inci-
dence data [33]. However, some prior work has shown 
that there may be a weaker association between area-based 
socioeconomic measures and disease as compared to indi-
vidual-based measures [25, 34]. Moreover, advantages of 
this measure are comparability between studies using this 
common metric for evaluating socioeconomic gradients, 
and elimination of measurement error due to misreport-
ing of socioeconomic data (e.g., level of education) or 
missing data due to individuals unwilling to report socio-
economic information. The use of percent poverty as our 
metric as compared to a composite measure of area SEP 
also has the advantage of interpretability with little loss in 
predictive value [35]. Finally, area-based SEP allows for 
the comparison of findings across age groups, when the 
meaning of individual-level SEP measures such as educa-
tion, income, and occupation may differ in their meaning 
to age and cohort differences. A further limitation of our 
analysis is that we only have census tract of residence at 
the time of cancer diagnosis, and residence in earlier life 
may be relevant to cancer development [36, 37]. Again, 
this would most likely bias our results towards the null if 
conceptualized as non-directional measurement error of 
SEP over the life course. We also recognize that although 
we excluded the cancers sites most strongly related to 

tobacco use, recent evidence suggests a small magnitude 
of impact on other cancer sites, including the pancreas and 
stomach. These may have an impact on our results such 
that tobacco use may still account for part of the observed 
SEP difference in incidence.

While no other studies of socioeconomic differences in 
cancer incidence have tested as many socioeconomic cat-
egories or restricted analysis for non-screening non-tobacco-
related cancer sites, our findings may be compared to the 
small number of studies that have tested socioeconomic 
gradients in cancer incidence by race/ethnicity. The 1998 
Report on the Health of the United States: Socioeconomic 
Status and Health included only one cancer outcome strati-
fied by socioeconomic status—showing higher rates of lung 
cancer among lower socioeconomic status men, but not 
women, using data from 1979 to 1989 [38]. The more recent 
monograph published by the National Cancer Institute, Sur-
veillance Epidemiology, and End Result (SEER) program, 
used data from the late 1990s, and found similar socioeco-
nomic gradients for all cancer sites for the total population, 
Whites, and Blacks but did not report data for Latinos or 
Asians [17]. This prior study used percent of county popula-
tion living below poverty—which does not capture the sub-
stantial differences in social and economic conditions within 
many large metropolitan counties. Secondly, higher percent 
poverty counties tend to be rural counties, and lower per-
cent poverty counties tend to be urban counties, so county 
poverty is highly associated with urban–rural cancer differ-
ences, whereas census tract poverty measures are not [39]. 
In addition, Latinos and Asians in California may be more 
likely to be recent immigrants as compared to the rest of 
the country, and thus differentially impact race/ethnicity 
specific socioeconomic gradients in cancer [32]. Both this 
prior study and other more recent data show socioeconomic 
gradients for lung cancer like what we find for cancer site 
incidence related to tobacco use [6, 17]. Other work spe-
cifically in California shows similar findings to ours for 
colorectal cancer among Latinos, although in our study we 
did not disaggregate by country of origin [40]. Finally, the 
analysis of differences in cancer incidence by four categories 
of poverty across 39 cancer sites shows similar gradients for 
sites related to tobacco, although this study controlled for 
race/ethnicity rather than presenting race/ethnicity-stratified 
results as in our analysis [41].

We found that for all cancer site incidence, for sites 
related to tobacco use, for screening, and for non-screening/
non-tobacco cancers, socioeconomic differences for Whites 
and Blacks are similar. This is consistent with work using 
national SEER data [4]. However, in our analyses looking 
explicitly at incidence rates by socioeconomic strata within 
different race/ethnic groups (rather than just controlling for 
SES), some differences were observed. Our findings are also 
consistent with findings from all of California examining 
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five specific cancer incidence sites using a composite meas-
ure of SEP with five categories [18].

Our results offer some suggestions for understanding 
the underlying mechanisms by which socioeconomic and 
racial/ethnic differences in cancer incidence emerge. First, 
for Whites, Blacks, and Asians, individuals living in census 
tracts with a higher percentage of residents living in poverty 
are more likely to develop cancer, even after accounting for 
sites that are related to two well-known factors associated 
with SEP—tobacco use and screening practices. Under-
standing the relationship between SEP and cancer incidence 
is relevant to improve our understanding of the etiology of 
socioeconomic gradients in cancer incidence and support 
deeper investigation into the material and psychosocial path-
ways that lead from adverse socioeconomic conditions to 
the development of cancer. For cancer sites not related to 
tobacco or screening, inequalities were found to exist in a 
generally linear manner across area SEP for Whites, Blacks, 
and Asians. A number of potential underlying mechanisms 
exist that may explain our findings including poor diet, 
in part driven by healthy food access [42] and the cost of 
healthy food [43], lower rates of physical activity, and con-
textual factors [44]. Living in a higher poverty area may 
also lead to greater exposure to environmental hazards [45] 
and individual psychological stress associated with higher 
levels of area poverty [46], as well as increased exposure to 
infections associated with cancer [41]. These speculations, 
however, warrant future investigation, in particular with 
combined data sources that provide a larger sample size for 
differentiating among different countries of origin among the 
broad Asian and Latino categories used in our analysis [47], 
and for place of birth [32]. Place of birth is a critical factor 
for capturing life course exposures not only for Asians and 
Latinos, but also for U.S. Blacks [48].

From a policy perspective, our results showing substantial 
socioeconomic gradients for tobacco-related causes high-
light the important role of socioeconomic inequalities in 
cancer incidence for all groups except Latinos. Resources 
and policies encouraging smoking cessation among lower 
SEP individuals are clearly well directed.

Some important questions remain unanswered. We have 
in the current analysis focused on incidence for all stages 
of each cancer combined, but considerations of how stage 
of diagnosis related to SEP and race/ethnicity are critical to 
consider given their impact on racial/ethnic and socioeco-
nomic inequalities in cancer survival [49] and the impact of 
screening on stage at diagnosis. It is also critical to under-
stand if similar patterns exist in other areas outside Cali-
fornia—differences or similarities with other regions of the 
United States may provide important guidance as to why 
the observed racial/ethnic and socioeconomic differences 
are found. A further important direction for research is to 
determine the extent to which these relationships differ 

depending on percent poverty at different points in the life 
course. Finally, the role of place of birth and timing of immi-
gration should be tested in relation to the observed higher 
incidence rates of cancer among Latinos and Asians living 
in lower poverty areas.
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