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Abstract

Purpose—The reasons behind socio-economic disparities in prostate cancer incidence remain
unclear. We tested the hypothesis that individual-level factors act jointly with neighborhood-level
social and built environment factors to influence prostate cancer risk and that specific social and
built environment factors contribute to socio-econmic differences in risk.

Methods—We used multi-level data, combining individual-level data (including education and
known prostate cancer risk factors) for prostate cancer cases (7= 775) and controls (1= 542) from
the San Francisco Bay Area Prostate Cancer Study, a population-based case—control study, with
contextual-level data on neighborhood socio-economic status (nSES) and specific social and built
environment factors from the California Neighborhoods Data System. Multivariable logistic
regression models were used to compute adjusted odds ratios separately for localized and
advanced stage prostate cancer while controlling for neighborhood clustering.

Results—We found a more than twofold increased risk of both localized and advanced prostate
cancer with increasing levels of nSES, and decreased risk of advanced prostate cancer with

increasing levels of education. For localized disease, the nSES association was largely explained
by known prostate cancer risk factors and specific neighborhood environment factors; population
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density, crowding, and residential mobility. For advanced disease, associations with education and
nSES were not fully explained by any available individual- or neighborhood-level factors.

Conclusions—These results demonstrate the importance of specific neighborhood social and
built environment factors in understanding risk of localized prostate cancer. Further research is
needed to understand the factors underpinning the associations between individual- and
neighborhood-level SES and risk of advanced prostate cancer.
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Prostate cancer risk; Neighborhood socioeconomic status; Education; Race/ethnicity; Disparities;
Built environment

Introduction

Prostate cancer is the most common cancer in the United States (US); it is expected that over
164,000 men will be diagnosed with prostate cancer in 2018 [1]. Disparities in prostate
cancer risk are multi-level and complex. There is a large disparity in incidence of prostate
cancer between non-Hispanic White (NHW) and African-American (AA) men: from 2009 to
2013, the incidence rate (per 100,000) for prostate cancer was 204 for AA men and 125 for
NHW men in the US [2]. In addition, AA men have greater odds of being diagnosed with
advanced stages of prostate cancer, compared to NHW men [3, 4]. Disparities according to
both individual- and contextual-level socio-economic status (SES) have also been reported
[5-9]. Higher neighborhood SES (nSES) has been associated with higher prostate cancer
risk [7-10], independent of disease aggressiveness [7]. The direction of this association
contrasts with that of many other cancer sites in which lower nSES is frequently associated
with higher cancer incidence [11]. In some instances, the association between higher nSES
and higher prostate cancer incidence is observed exclusively among NHW men [12, 13] and
has been attributed to greater prostate cancer screening among men residing in higher SES
neighborhoods [6, 14]. However, several large population-based studies have observed nSES
gradients for both NHW and AA populations [9, 10, 15]. Measures of individual-level SES
(i.e., education) have also been associated with prostate cancer risk, but studies differ as to
the direction of this association and, when an association between higher individual-level
education and greater risk is observed, whether it is mediated by prostate cancer screening
[5, 6, 16]. Few studies have examined the independent and/or joint associations between
individual-level SES and nSES and prostate cancer risk [8]. The VITamins And Lifestyle
(VITAL) cohort reported that the association between higher area-level SES and increased
prostate cancer risk were attenuated, but not eliminated when individual-level education was
taken into account [8].

Neighborhood SES captures features of the neighborhood environment over-and-above
individual-level characteristics of neighborhood residents [17-19]. Differences in health
outcomes related to nSES may be influenced by aspects of both the built and social
environment. Associations between specific neighborhood factors and cancer risk have been
examined for aspects of the neighborhood built environment (e.g., outdoor light at night) and
social environment (e.g., crime, racial segregation, ethnic enclave) for individuals of specific
racial/ethnic groups and select cancer sites [20], but not for prostate cancer. Ultimately,
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prostate cancer risk is likely due to complex relationships between multi-level factors,
including, but not limited to, race/ethnicity and individual-level SES, in addition to other
factors previously associated with prostate cancer risk (e.g., prostate cancer screening and
health behaviors) [5, 21], such that new breakthroughs in our understanding of differences in
risk according to SES will require a multi-level approach.

We hypothesized that further examination of individual- and neighborhood-level SES and
specific neighborhood social and built environment factors may help identify contextual
factors that contribute most to SES risk differences. Thus, we created a multi-level dataset,
combining individual-level data (including education and other putative risk factors) from
the San Francisco Bay Area Prostate Cancer Study, a population-based case—control study of
prostate cancer, and contextual-level data on nSES and specific social and built environment
factors from the California Neighborhoods Data System [22]. Our objectives were to
examine (1) independent and joint contributions of individual- and neighborhood-level SES
to risk of localized and advanced prostate cancer, and (2) the extent to which specific
neighborhood factors contribute to SES differences in analyses stratified by race/ethnicity
and prostate cancer stage at diagnosis.

Study population and data collection

The San Francisco Bay Area Prostate Cancer Study, approved by the investigators’
Institutional Review Board, is a population-based case—control study of AA (non-Hispanic)
and NHW men [23, 24]. Newly diagnosed cases were identified through the population-
based Greater Bay Area Cancer Registry, which participates in the National Cancer
Institute’s (NCI’s) Surveillance, Epidemiology, and End Results (SEER) Program and the
California Cancer Registry (CCR). Eligible cases and controls were contacted for interview.
Resulting interview data were merged with CCR data and neighborhood data from the
California Neighborhoods Data Systems (CNDS) [22].

Eligible cases included AA and NHW men aged 40-79 years with a first primary localized
prostate cancer diagnosed between 1 October 1997 and 30 September 1998; NHW men with
a first primary advanced prostate cancer diagnosed between 1 July 1997 and 29 February
2000; and AA men with a first primary advanced prostate cancer diagnosed between 1 July
1997 and 31 December 2000. Advanced prostate cancer was defined as a tumor invading and
extending beyond the prostatic capsule and/or extending into adjacent tissue or involving
regional lymph nodes or distant metastatic sites [23]. The study included random samples of
localized cases (60% of AAs, 15% of NHWSs) and all advanced cases to allow for adequate
sample sizes for AAs and advanced cases. Controls aged 40-79 years were identified
through random-digit dialing and those aged 65—79 years also through random selections
from the beneficiary rosters of the Health Care Financing Administration (HCFA).

In-person interviews were conducted in English by trained interviewers at the participants’
home using a structured questionnaire that asked about socio-demographic background,
medical history, family history of cancer (first degree relative), and lifestyle factors. Medical
care was defined with information from medical history on regular source of care
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(MD/RN/ER/Public clinic) and whether the participant had insurance. Dietary intake during
the previous calendar year was assessed using the Block Food Frequency Questionnaire.
Data on age and stage (localized, advanced) at diagnosis were obtained from the CCR. Of
319 localized cases, 274 were alive and met the eligbibility criteria described above, and 208
(73 AAs and 135 NHWs) completed the interview. Of 1,015 advanced cases, 788 were alive
and met the eligibility criteria described above, and 568 (118 AAs and 450 NHWSs)
completed the interview [23, 24]. Of 868 eligible controls frequency matched on race/
ethnicity and 5-year age group who were contacted, 545 (90 AAs and 455 NHWSs)
completed the interview.

Cases and controls with a residential address (at diagnosis for cases and at the time of
selection for controls) were geocoded to latitude/longitude coordinates and then assigned to
a 2000 census block group. Addresses were standardized to conform to U.S. Postal Service
specifications using ZP4 software [25]. Batch geocoding was performed using the Texas
A&M Geocoder [26], resulting in the geocoding of 1,286 addresses to a building centroid
and 3 to street address range interpolation. The remaining 32 addresses were manually
geocoded using ArcGIS [27], of which 26 were geocoded to a parcel centroid and 2 to street
address range interpolation. We were not able to geocode 4 addresses (3 controls and 1
advanced case). The final geocoded study population thus comprised 542 controls and 775
cases (208 localized and 567 advanced). Of the 650 unique block groups represented by
cases, 58% were represented by a single case: of the 490 unique block groups represented by
controls, 71% were represented by a single control. Geocodes for the study population were
linked with neighborhood data obtained from the CNDS [28].

Socio-economic status

Self-reported education, a measure of individual-level SES, was categorized as having a high
school diploma (or equivalent) or below, vocational/technical degree or some college, and
college degree or higher. Neighborhood SES was measured at the census block-group level
and was based on a previously described index, created through principle components
analysis, that incorporates 2000 census data on education, occupation, unemployment,
household income, house values, rent values, and poverty [29]. The nSES index was scaled
according to statewide quintiles. A joint variable of education and nSES was created, where
low education was defined as high school diploma or below and low nSES included quintiles
1-3.

Specific social and built environment factors

Data on several specific neighborhood social and built environment factors, measured at the
block group or tract level or for a residential buffer, were obtained from the CNDS for the
census year 2000 (Table 1). Measures of neighborhood housing, commuting, residential
mobility, and population density were at the block-group level [30, 31]. Street connectivity
or street network-based measures of walkability (Table 2, footnote) were calculated for
census tracts using ArcGIS software, including the gamma measure (ratio of actual number
of street segments to the maximum possible given the number of intersections) [30]. At the
time of the study, measures of street connectivity at the block-group level were not available.
Variables measured according to a residential buffer were defined for each control and case,
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blinded to case—control status, in order to capture access to amenities within a walking
distance of 1600 meters [32] along a network of pedestrian-accessible pathways [33].
Information regarding the total number of businesses, parks, and farmers markets originated
from several geocoded data sources for business listings [34], farmers markets [35], and
NavStreets [33]. Quintile/quartile cut-points for these measures were based on distributions
among the study controls with the exception of nSES and population density which were
based on statewide distributions. In addition, two previously developed food environment
indices to describe the retail food and restaurant environment were included: the Retail Food
Environment Index (RFEI) and the Restaurant Environment Index (REI) are ratios of
unhealthy to healthy retail food outlets and restaurants, respectively, within the residential
buffer (Table 3, footnotes), such that higher values indicate a less healthy neighborhood
retail or restaurant food environment; values are presented with categories of “0” (no
unhealthy outlets or restaurants) or tertiles based on the control distribution [31, 36]. The
traffic density measure was developed from the database of traffic counts from the California
Department of Transportation for each measured road segment within a smaller residential
buffer of 500 meters as described previously [36, 37].

Statistical analysis

Results

Multivariable logistic regression models were used to compute adjusted odds ratios (ORSs)
separately for localized and advanced prostate cancer while controlling for clustering by
census block groups. In the base model adjusted for age, race/ethnicity, and clustering by
census block groups, individual-level covariates and specific social and built environment
factors (Table 1) were examined to assess the extent to which these factors were associated
with odds of localized or advanced prostate cancer. Then, a series of nested models was
created to assess the effect of multi-level factors on socio-economic disparities in odds of
prostate cancer by sequentially including individual-level covariates and specific social and
built environment factors that were associated with increased odds of prostate cancer with p
< 0.05 in the base model. Pair-wise correlations among specific social and built environment
factors added to sequential models were examined and none were correlated with an
absolute correlation coefficient greater than or equal to 0.80. We examined the independent
effects of education and nSES with odds of prostate cancer, as well as their joint effects
using a single combination variable. In order to assess the underlying correlations
(multicollinearity) between individual- and neighborhood-level predictors in the multi-
variable models, we calculated variance inflation factors and found no violating predictors
with significiant multicollinearity requiring model correction. We did not have enough study
participants to stratify analyses by race/ethnicity or PSA screening.

Multi-level characteristics for controls and localized and advanced prostate cancer cases are
presented in Table 1. The majority of cases in our study were diagnosed with advanced
prostate cancer, reflecting the over-sampling of advanced cases. Approximately 47% of
controls and advanced cases were college graduates, compared to 41% of localized cases.
84% of controls were NHW, compared to 79.4% of advanced cases and 64.9% of localized
cases. Approximately half of controls and localized cases resided in the highest SES (Q5)
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neighborhoods (49.1% and 49.5%, respectively), while 61.0% of advanced cases resided in
the highest SES neighborhoods.

Associations between each multi-level factor and risk of localized and advanced prostate
cancer were examined using the base model (adjusted for age, race/ethnicity, and clustering
by census block groups) (Table 2). Individual-level factors associated with greater risk of
both localized and advanced prostate cancer were family history of prostate cancer
(localized: OR 1.85, 95% CI 1.21-2.84; advanced: OR 1.69, 95% CI 1.22-2.35), personal
history of benign prostatic hyperplasia (localized: OR 1.75, 95% CI 1.24-2.48; advanced:
OR 2.07, 95% CI 1.59-2.70), and prostatitis (localized: OR 2.48, 95% CI 1.65-3.73;
advanced: OR 2.70, 95% CI 1.95-3.73). Increasing numbers of PSA tests in the last 5 years
exhibited a significant trend with greater risk of localized prostate cancer (p trend, 0.01),
while having 1-2 PSA tests in the last 5 years was associated with a lower risk of advanced
prostate cancer (1-2 vs. 0: OR 0.63, 95% CI 0.44-0.89). Obesity was associated with a
lower risk of localized prostate cancer only (BMI = 30 vs. < 25: OR 0.56; 95% CI 0.35-
0.89; ptrend = 0.10). Specific social and built environment factors showing statistically
significant trends of lower risk of both localized and advanced prostate cancer were greater
population density (o trends < 0.01), more household crowding (p trends < 0.01), and more
businesses (ptrend < 0.01 for localized and ptrend = 0.02 for advanced). Street connectivity
(ptrend = 0.02), a less favorable REI (T3 vs. 0: OR 0.55, 95% CI 0.33-0.91), a greater
number of parks (ptrend = 0.02), and greater traffic density (ptrend < 0.01) were associated
only with a lower risk of localized prostate cancer, while greater residential mobility was
associated only with a lower risk of advanced prostate cancer (ptrend < 0.01).

We examined independent and joint associations of education and nSES with localized
prostate cancer in the base model (Table 3): education was not associated with risk of
localized prostate cancer, whereas a two-fold increase in risk was associated with higher
nSES (ptrend < 0.01). The positive association with nSES was attenuated, but remained
statistically significant after adjustment for medical history and BMI (Model 2, highest vs.
lowest: OR 2.15, 95% CI 1.11-4.18). The further addition of census-derived environmental
factors (i.e., population density, crowding, and residential mobility) eliminated the
association of higher nSES with localized prostate cancer risk (Model 3a, highest vs. lowest:
OR 1.59, 95% CI 0.71-3.59). On the other hand, addition of walkability and buffer-derived
environmental factors (i.e., total businesses, traffic density, REI, parks) did not alter the
association of nSES with localized prostate cancer risk (Model 3b). There were no
statistically significant associations with the joint education/nSES variable.

For advanced prostate cancer (Table 4), there were independent associations between both
education and nSES and risk; higher education was associated with lower risk (college
graduate or more vs. high school or less: OR 0.68, 95% CI 0.49-0.95) and higher nSES was
associated with higher risk (highest vs. lowest: OR 2.67, 95% CI 1.64-4.35). These
associations were not explained by individual or specific neighborhood environment factors,
however, adjusting for population density, crowding, and residential mobility somewhat
attenuated the association between high nSES and higher risk of advanced disease.
Considering the joint effects of education and nSES, associations between high nSES with
higher advanced prostate cancer risk were similar for men with a high school education or
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less and men with college education. However, compared to individuals with a high school
education or less and low nSES, those with college education and low nSES had lower risk
(OR 0.62, 95% CI 0.41-0.95) even after adjusting for other individual and specific
neighborhood environment factors.

Discussion

Our study utilized extensive multi-level data comprising individual-level and contextual-
level measures to examine SES disparities in the risk of localized and advanced prostate
cancer for a population-based series of NHW and AA prostate cancer cases and controls in
the San Francisco Bay Area. We analyzed independent and joint effects of individual- and
neighborhood-level SES and the mediating role of specific social and built environment
factors. Education was not associated with risk of localized prostate cancer, but greater
education was associated with a lower risk of advanced disease. There was a two-fold
increased risk of both localized and advanced prostate cancer associated with higher nSES.
For localized disease, the association with nSES was largely explained by known prostate
cancer risk factors as well as certain specific neighborhood environment factors, specifically
population density, crowding, and residential mobility. For advanced disease, independent
associations between nSES and education with risk were not fully explained by available
multi-level factors, although associations between high nSES and risk of advanced disease
were attenuated by the addition of population density, crowding, and residential mobility.
Higher education was protective for advanced prostate cancer among men residing in low
SES neighborhoods, but not for men residing in high SES neighborhoods.

Few studies have examined multi-level SES and prostate cancer risk [6, 8]. A case—control
study utilizing zip code-level SES and education reported a negative association between
area-level SES and prostate cancer risk, potentially owing to the zip-code level of analysis
[6]. A study of VITAL cohort reported that the positive association between area-level SES
(according to a block-group level SES index) and prostate cancer risk was attenuated, but
not eliminated when individual-level SES (education and household income) was taken into
account [8]. We observed nSES to be positively associated with advanced prostate cancer
risk, but independently of education. Also, the VITAL study did not adjust for medical
history or behavioral factors nor stratify localized and advanced disease [8]. The latter point
may be particularly relevant, since we observed an association between education and risk
for advanced, but not localized, disease. Our study thus establishes the independence of
nSES amongst a number of individual-level factors and illustrates the importance of
considering modification of SES disparities by stage of disease.

Some studies have suggested that increased prostate cancer risk among residents of higher
SES neighborhoods is due to greater use of prostate cancer screening [6, 14]. It follows from
this hypothesis that higher nSES would be associated with risk of localized prostate cancer,
but would not be associated with risk of advanced prostate cancer, or would be associated
with lower risk of advanced prostate cancer. Our results, however, indicate that higher nSES
is associated with risk of both localized and advanced disease. Furthermore, our analyses
included information on PSA testing; while, as expected, having a PSA test in the last 5
years was associated with increased risk of localized disease and decreased risk of advanced
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disease in base models, adjustment for this factor did not effect the association between
higher nSES and greater prostate cancer risk. Adjustment for other available individual
characteristics did not alter associations between individual- or neighborhood-level SES and
risk, but larger studies by subgroups of prostate cancer screening and race/ethnicity are
warranted.

Our study is the first, to our knowledge, to examine a suite of specific social and built
environment factors in relation to prostate cancer risk. Associations were more pronounced
for localized prostate cancer, as residential mobility was the only specific neighborhood
environment factor exclusively associated with advanced disease. Of note, the association
between higher nSES and greater risk of localized prostate cancer was largely explained by
three specific neighborhood environment factors (i.e., population density, household
crowding, and residential mobility), which also attenuated the association between higher
nSES and greater risk of advanced disease. In base models, lower population density, less
crowding, and less residential mobility were associated with higher risk of prostate cancer.
Ours is the first study to examine neighborhood crowding and mobility with prostate cancer
risk. The association of lower population density with higher risk of localized and advanced
prostate cancer seemingly contrasts the few studies that have examined population density
and prostate cancer incidence and reported higher risk of prostate cancer among residents of
more populated or more urban areas [38—41]. These studies suggested that greater access to
care, and thus more regular PSA screening, contributed to higher rates of prostate cancer
among those living in more populated and more urban areas, but, unlike the current study,
these previous studies were ecological and did not have access to multi-level data, including
individual-level PSA screening and access to care [38]. Furthermore, the types of
neighborhoods associated with increased risk of prostate cancer in our study (higher nSES,
less populated, less crowded, and less mobile) may not be completely captured by measures
of urbanicity which don’t generally take SES into account. Our results thus suggest a more
complicated risk landscape than explained by increased access to care and screening.

Education and nSES were independently associated with risk of advanced prostate cancer,
but while higher nSES was associated with increased risk, greater education was associated
with lower risk. Results of the joint variable indicate that, while higher education was
protective against risk of advanced disease among men residing in lower SES
neighborhoods, it had no effect on risk among men residing in higher SES neighborhoods.
This suggests complex influences of education and nSES on risk of advanced disease,
perhaps related to interactions among risk exposures and prevention behaviors. Thus,
additional research is needed to determine the mechanisms underlying the association
between joint individual- and neighborhood-level SES and risk of advanced prostate cancer.

Although we assessed several specific neighborhood social and built environment factors in
relation to prostate cancer risk, these variables are based on secondary data and thus may not
capture how patients use and perceive their environments [20]. There may also be other
unmeasured neighborhood environment factors relevant to prostate cancer risk. For example,
healthcare factors (e.g., access, insurance, care quality, and continuity) [11] at the individual
or neighborhood level may be important to consider. We included a measure of medical care
as a proxy for medical home, which, conceptually, involves a personal physician, a whole-
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person orientation to care, a physician-directed team, coordination of care, and enhanced
access to care that is often associated with increased use of preventive and screening services
[42—-44]. However, this measure was not associated with risk of localized or advanced
disease. It may be that our proxy measure insufficiently captures an effective medical home
[45] or that other aspects of healthcare access, not provided by the medical home concept,
may be more influential in regards to prostate cancer diagnosis (e.g., insurance status,
payment responsibility, or other issues of access and quality of care) [3, 46]. In addition,
there may be factors that mediate effects of SES on risk that are not directly related to
healthcare access. Chronic stress that ultimately increases cellular oxidative stress and DNA-
damage in the prostate or toxic exposures (e.g., endocrine disrupting chemicals and trace
elements) [21] may affect prostate cancer risk. For any of these hypothesized prostate cancer
risk factors, the strength and direction of associations with individual- or neighborhood-level
SES and ultimately prostate cancer risk need to be explored.

Our study combines interview and secondary data, including specific social and built
environment factors, in order to explore potential mediators of SES disparities in prostate
cancer risk. However, our study does have some limitations. Education was the only measure
of individual-level SES assessed by self-report, and previously published studies of prostate
cancer risk also utilized education as a measure of individual SES [5, 6, 8, 16]. However,
other measures (i.e., financial stability or occupational class) may capture different aspects
of an individuals’ cancer risk and so will be important to consider in future studies.
Neighborhood variables derived from census data are subject to administrative boundaries
that may not accurately portray the real or perceived neighborhood environments
experienced by individuals. However, we utilized the smallest level of geography for which
robust data were available, census block group and census tract, which have been shown to
perform well to detect SES gradients in health outcomes [47]. For cases and controls, only
one address is available to approximate neighborhood exposures for the entire at-risk period.
Insurance type (private, public) was not collected by interview [48]. We did not have
adequate numbers of subjects to stratify analyses by race/ethnicity or PSA screening.
Finally, the relatively high nSES in the San Francisco Bay Area may preclude observation of
effects of the lowest levels of NSES on prostate cancer risk.

Conclusions

Our analyses demonstrate the importance of specific neighborhood social and built
environment factors in risk of prostate cancer, and suggest further research is needed to
determine the mechanisms by which these neighborhood factors influence risk. While only
nSES was associated with localized disease, education and nSES were independently
associated with risk of advanced disease. Further research is needed to understand the
factors underpinning the complex associations between individual- and neighborhood-level
SES and risk of advanced prostate cancer.
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