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Abstract: Introduction Prostate Cancer (PCa) exhibits one of the widest racial and socioeconomic 
disparities. PCa disparities have also been widely linked to location as living in more deprived 
regions was associated with lower healthcare access and worse outcomes. This study aims to 
examine PCa survival across various US counties in function of different socioeconomic profiles and 
discuss the role of potential intermediary factors. Methods The SEER database linked to county-
level SES was utilized. Five-year PCa-specific survival using the Kaplan Meier method was 
performed for 5 racial/ethnic categories in function of SES quintiles. Multilevel Cox proportional 
hazards regression was performed to assess the relationship between county-level SES and PCa 
survival. Multivariate regression analysis was performed to examine the role of healthcare 
utilization and severity. Results 279,000 PCa records were extracted, 5-year PCa-specific survival 
was 94%. Overall, living in counties with worst poverty/income quintile and highest proportions of 
foreign-born/language-isolated increased PCa mortality by 23% each. No association was observed 
with county-level High-School education, while Bachelor’s-level education decreased mortality risk 
by 23%. Associations varied considerably upon racial/ethnic stratification. Multilevel analyses 
showed varying contributions of individual and area-level factors to survival within minorities. The 
relationship between SES and PCa survival appeared to be influenced by healthcare utilization and 
disease stage/grade. Discussion Racial/ethnic categories responded differently under similar 
county-level SES and individual-level factors to the point where disparities reversed in Hispanics. 
The inclusion of Healthcare utilization and severity factors may provide partial early support for 
their role as intermediaries. Healthcare access (insurance) might not necessarily be associated with 
better PCa survival, through performing biopsy and or/surgery. County-level education plays an 
important role in PCa decision-making as it might elucidate discussions of other non-invasive 
management options. Conclusion Findings of this study demonstrate that interventions need to be 
tailored according to each group's needs. This potentially informs the focus of public health efforts 
in terms of planning and prioritizing. This study could also direct further research delving into 
pathways between area-level characteristics with PCa survival. 
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Introduction 

Prostate cancer (PCa) is the second leading cause of death and the most common cancer in men 
residing in the U.S. (1). Although survival from PCa is relatively very high to other malignancies, 
remarkable disparities in PCa outcomes have been reported across multiple settings and series. For 
example, Non-Hispanic Blacks (NHB), on average, have a 78% higher incidence of PCa as compared 
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to Non-Hispanic Whites (NHW) in their lifetimes (1-4). Furthermore, PCa is more aggressive and 
occurs at a younger age in AA men resulting in a 2.3-fold increase in mortality rate (Vs. NHW) (3-5). 
Additionally, Hispanics and some populations of individuals of Asian descent have lower PCa 
incidence, however, suffer from more advanced disease at diagnosis (4-6). 

PCa outcomes are sensitive to geographic locations (7), as disparities vary based on area-level 
characteristics at multiple geographic scales (7-9). Hispanics living in Mexico have a lower incidence 
than Hispanics living in the Caribbean (10) while Puerto Ricans living in Puerto Rico have a lower 
incidence than Puerto Ricans living in the mainland U.S. (11) suggesting that geographical elements 
may help to explain PCa disparities.  

Existing literature supports the view that disparities emerge, in part, due to inequalities in access 
to adequate healthcare (HC) that vary across race and socioeconomic status (12,13). As an example, 
NHBs with PCa experienced delays in care and were less likely to undergo definitive management 
such as surgery (2,14). Most importantly, advances in imaging and procedures, and surgical access 
are critical in PCa (15) as they appear to interfere with disparities in outcomes. For example, NHBs, 
lower socioeconomic status, and older age were found to be associated with underutilization of PCa 
diagnostic imaging (Deville). More importantly, Multiparametric Magnetic Resonance Imaging 
(mpMRI) fusion-guided biopsy, a revolutionary technique in accurately diagnosing and staging PCa 
was less likely to be performed by NHBs even though it has been found to possess better performance 
indicators in that group as compared to NHW (16,17). Disparities in PCa outcomes after treatment 
were noted as worse bowel and urinary functions were reported by men from racial/ethnic minorities 
suggesting receipt of lower-quality treatment (18). Additionally, disparities decreased in magnitude 
in equal-access samples like the Veterans Health Administration, indicating non-clinical causal 
pathways for PCa disparities (19).  

To date, area-level PCa disparities in survival have been mostly studied across NHW and NHB 
and in relatively smaller geographical scales such as neighborhoods or zip codes (20-22). Some 
evidence suggests that associations between area-level SES and PCa measure highly rely on the 
geographical scale chosen (23-25). The goal of the present study was to describe differences in PCa 
outcomes across an expanded category of racial/ethnic groups, to examine whether county-level SES 
helped to explain disparities in PCa survival, and understand how potential factors influence any 
established association between county-level SES and PCa survival.  

Methods 

Data sources and study population 

Disparities in five-year PCa survival were estimated by race/ethnicity and SES. The study cohort 
was derived from the SEER cancer database. The SEER (NCI) program provides valuable information 
on various cancer statistics as it’s a population-based cohort that covers around one-third of the US 
population and contains a larger proportion of foreign-born, thereby facilitating studies of racial and 
ethnic disparities (26).  

Outcome definition 

The primary outcome of this study is 5-year PCa survival. Cancer-specific mortality was utilized 
to ascertain net survival and; probability of surviving PCa in the absence of other causes of death. We 
included biopsy-confirmed diagnoses among men aged 18 years and older. Analyses focused on 
diagnoses initiated from January 1st, 2007, to December 31st, 2011, followed up for at least five years 
through December 31st, 2016. Participants who had missing information on survival follow-up were 
excluded (11.4%), however, this did not result in a selection bias as no significant differences in racial 
composition and SES status were found in the excluded sample. Disease severity was also described 
through a later SEER summary stage at diagnosis (distant) and a more aggressive Gleason Score 
(GS=8-10). 
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Race/Ethnicity and Risk Factors 

Groups included all five races/ethnicities within the SEER registry: NHW, NHB, Non-Hispanic 
Asian or Pacific Islander (NHAPI), Non-Hispanic American Indian or Alaska Native (NHAI/AN), 
and Hispanics (HISP). Individual characteristics selected were factors that are known to be associated 
with PCa survival such as age, marital status, stage at diagnosis, and GS (27,28). Healthcare (HC) 
access was ascertained through individual-level insurance status, while HC utilization was through 
having a GS done and PCa-directed surgery. 

Socioeconomic Status (SES) 

Area-based SES was derived from the SEER linkage with the American Community Survey 
(ACS). County-level 5-year ACS were collected for each case enclosed in its corresponding county. 
The 2007-2011 5-year ACS linkage was selected as it would reflect the SES of the selected PCa cohort 
diagnosed between 2007-2011. County-level SES represented income (median household income), 
material deprivation (percentage of individuals 150% below poverty level, percentage of family 
below poverty level, unemployment rates), social class levels (percentage of individuals with less 
than high-school education, percentage of individuals with at least a bachelor-level education) and 
population composition (percentage of foreign-born, percentage of language isolation). Such 
variables are often included in health outcomes research relating poorer SES status with poorer health 
outcomes such as higher mortality (29,30). SES characteristics were classified into quintiles, ranging 
from worse to best. Because some variables tend to explain very similar constructs, composite indices 
have been created. “Percentage of individuals 150% below poverty level”, “percentage of family 
below poverty level”, and “median household income” have been grouped into a single index named 
“Poverty/Income”. “Percentage of foreign-born”, “percentage of language isolation” have also been 
grouped into a single index called “Foreign-born/language-isolation”.  

Statistical Analysis 

Overall baseline characteristics were examined for significance using the chi-square test. 5-year 
prostate cancer-specific survival was determined using the official software for the SEER database, 
SEERStat. The end of follow-up status was either "dead" or "alive" and intervals were in months, 
totaling 60 months. Kaplan-Meier curves were used to examine 5-year survival for racial/ethnic 
groups in the lowest and highest SES quintiles and log-rank test to examine equality for survival 
functions.  

Cox-proportional hazard models assessed relationships between county-level SES and PCa 
survival (31). The model was adjusted for established and independent risk factors for poorer PCa 
survival; age, and marital status, and stratified by races/ethnicities to assess in-between groups 
disparities. We used the variance inflation factor (VIF) to verify the absence of multicollinearity (32). 
Because worse PCa can often be predicted by poorer access to care and more severe disease (12), 
individual-level factors measuring those were also included in subsequent modeling to compare 
results with and without them.  

Because observations are located within the county of residence, geographical clustering was 
plausible and a multilevel survival cox proportional hazards model with mixed effects incorporating 
cluster-specific random effects that could potentially modify the baseline hazard function was 
performed and an exponential distribution was specified. A multivariate logistic regression 
examining the relationship between SES and advanced disease (i.e.: Distant stage and GS 8-10) and 
healthcare utilization (having a GS and undergoing PCa-directed surgery) was performed. Stata v.16 
was utilized for statistical analyses and a p-value of less than 0.05 was considered statistically 
significant.  

Results 

Table 1 represents the baseline characteristics of participants stratified by race/ethnicity. The 
total number of participants was 279,000. NHB expectedly exhibited the youngest age at diagnosis at 
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63.6 years. Five-year PCa survival ranged between 93% and 94% in all groups except NHAI/AN 
which had the lowest survival (88%). NHB, NHAPI, and Hispanics had the most advanced stage at 
diagnosis and were also found to have the highest proportion of GS≥8. Although PCa-directed 
surgery was present in slightly less than half of the patients, NHAI/AN and NHB were the least to 
undergo one. More than half of the groups had medical insurance at diagnosis while NHAI/AN, 
HISP, and NHAPI had the highest percentage of Medicaid-insured patients. NHW had the lowest 
rates of uninsured while NHB had the highest (Table 1). 

Hispanics resided in counties with the worst education where almost half (42.2%) had the 
highest percentage of less than high school education (<HS) and only 12.6% achieved at least a 
bachelor’s-level education (≥BL). More than one-third of NHAPI and NHB resided in counties with 
the highest poverty/income. Almost half of NHAPIs (45%) and HISP (41%) resided in counties with 
the highest concentrations of foreign-born/language isolated (Table 1). 

Figure 1 provided Kaplan Meier survival curves for individuals in the lowest and highest 
quintiles of SES variables stratified by racial/ethnic groups throughout the five-year follow-up. Log-
rank test was statistically significant for all the plots included. For each graph, observations were 
restricted to the most and the least deprived quintiles to illustrate racial/ethnic comparisons in 
survival throughout extreme SES variations. Lowest survival was observed within the worst quintiles 
of “Poverty/Income” as well as “<HS” education. NHAI/AN exhibited the poorest survival rates 
within all five most deprived SES quintiles. NHW kept having the highest survival even in counties 
with the worst unemployment and poverty/income rates. NHAPI had the highest survival in counties 
with the lowest foreign/born-language isolation rates while HISP had the highest survival in counties 
with the best HS education (Q1 of <HS) (Figure 1). 

Table 2 represents the cox-proportional hazard model in function of SES for the overall 
population and then stratified into racial/ethnic groups. For every SES variable, worst SES quintile is 
compared to the best SES quintile. Overall, living in a county with the worst poverty/income rates 
and highest proportions of foreign-born/language-isolated had a significant 23% increase in the risk 
of PCa mortality (P<0.01). On the contrary, living in a county with the highest rates of ≥BL education 
and unemployment had a significant protective effect on PCa survival (HR 0.77, 95%CI 0.70-0.85) and 
HR 0.89, 95%CI 0.83-0.95 respectively). County-level HS education did not have a significant effect 
on PCa survival except in HISP where <HS education doubled the risk of PCa mortality. Upon 
stratification, same statistically significant directions remained in NHW while they almost completely 
disappeared in the remaining groups, however, the higher mortality risk associated with worst 
poverty/income remained. Highest rates of “≥BL” had a considerate and significant protective effect 
in NHAI/AN (HR 0.17, 0.05-0.97, P<0.05), however, their survival was extensively affected by highest 
proportions of foreign-born/language-isolated (HR 6.6, 1.17-35.76, P<0.05). PCa survival in NHAPI 
men was not statistically affected by any SES factor included.  
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Table 3 illustrates our multilevel analysis, which accounts for county-level clustering effects. 
Model 1 represents group-level cox proportional HR with NHW as the reference, adjusted for marital 
status and age. Model 2: adjusted for model 1 covariates and county-level SES covariates. Model 3: 
adjusted for model 2 covariates and individual-level covariates. HISP men were at higher risk of PCa 
mortality in models 1 and 2, however, upon adjusting for county-and individual-level covariates, 
HISP exhibited lower mortality than NHW (0.89, 95%CI 0.85-0.95, P<0.01). NHAI/AN had twice the 
mortality of NHW in both models 1 and 2. This disparity was attenuated in model 3 when accounting 
for individual-level factors such as insurance and cancer severity and treatment (surgery). NHB (Vs. 
NHW) were 1.6 times more likely to die from PCa in models 1 and 2, however, such disparity 
decreased to 1.2 (95%CI 1.07-1.6, p=0.01) in model 3. The protective effect in NHAPIs was further 
increased in model 3 (0.68, 95%CI 0.62-0.74). 
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All county-level SES (except “<HS”) were significantly associated with 5-year PCa survival in all 
races/ethnic groups in model 2. Upon adjusting for disease severity and surgery in model 3, the 
significant association only remained for ≥BL and poverty/income. Having a distant stage and 
advanced GS was significantly associated with the worst survival while undergoing a PCa-directed 
surgery and having insurance were the most protective covariates. As “diagnosis year” advanced, 
risk of PCa-specific mortality decreased (0.72, 95%CI 0.68-0.77).  

Table 4 examines the relationship between SES and disease severity (“Stage” and “GS”) and HC 
access/utilization (“GS not done” and “surgery”). The risk of having a distant stage significantly 
increased by around 30% and 20% with worst “<HS” (RR 1.27 95%CI 1.19-1.36) and poverty/income 
(RR 1.2 95%CI 1.13-1.23). The risk of having a worse GS (GS=8-10) significantly decreased with 
highest proportion of “≥BL” (RR 0.9 95%CI 0.86-0.95). Highest rates of foreign-born/language-isolated 
rates significantly protected against the highest GS (RR 0.91 95%CI 0.86-0.95).  
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The risk of “GS not done” significantly decreased with better education (both “<HS” and “≥BL”). 
Residing in a county with the highest unemployment rate significantly increased the risk of having a 
“GS not done” by 40% (1.40 95%CI 1.52-1.69). The highest percentage of foreign-born/language-
isolated increased the risk of not doing a GS by half (RR 1.50 95%CI 1.23-184). The risk of having 
surgery varied according to education level; where it increased with lower HS and decreased with 
higher “≥BL” education rates. Finally, residing in a county with the worst unemployment and 
poverty rates significantly decreased the risk of surgery while foreign-born/language-isolation 
significantly increased it (Table 4). 

Discussion 

The goal of the present study was to describe the degree to which county-level SES explained 
PCa survival in U.S. residents across a wide group of races and ethnicities. To our knowledge, this is 
the first study to examine the association between county-level SES and PCa-specific survival across 
five different racial/ethnic categories. In addition to other studies in the literature, our study included 
five racial/ethnic categories and examined how survival changes specifically in response to county-
level SES profile in each racial/ethnic category included. Additionally, this study examined the 
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potential pathway leading to worse PCa survival by demonstrating the influence of late-stage 
diagnosis and poorer healthcare utilization. Such analysis highlights how PCa survival behaves in 
the function of race/ethnicity under different SES profiles and informs public health policies on 
potential county-level interventions to decrease the disparity gaps in PCa.  

Overall, lower area-level SES was associated with reduced PCa survival, which was in agreement 
with the literature examining a similar relationship, however, on a neighborhood level (20-22). For 
example, a systematic review of 169 international publications established that men living in 
disadvantaged and/or rural areas face a greater PCa burden (33). They also had consistently lower 
prostate-specific antigen (PSA) testing and PCa incidence, poorer survival, more advanced disease, 
and higher mortality (33). DeRouen et.al. also established a relationship between poorer 
neighborhood SES and poor PCa survival. Similarly, to our study, they found that although NHB had 
worse survival than NHW, the relationship was attenuated when accounting for neighborhood-level 
SES (21). Our positive associations between county-level education and PCa stage/grade were also 
similarly found on the neighborhood level (22). When adjusting for county-level SES (model 2, Table 
3), PCa survival disparities between groups only slightly attenuated, suggesting other factors may 
have contributed to survival disparities between groups. Those could have been related to 
rural/urban status, commuting and traffic patterns, residential mobility, and/or food environment 
(21,22). 

Racially stratified findings illustrated within-group disparities in 5-year prostate-specific 
survival suggesting varying county-level SES associations across race/ethnicity. NHW were more 
sensitive to changes in county-level SES while remaining minorities were not. In fact, education (≥BL), 
unemployment, and foreign-born/language-isolation did not impact PCa survival in NHB, 
suggesting that interventions on those factors might not turn out as beneficial on minorities as when 
applied to NHW. Such findings could also support the diminishing returns hypothesis where 
minorities might not achieve the same health gains at higher SES as do their nonminority 
counterparts (NHW) at the same SES levels (34-36). For example, Kish et al identified that mortality 
risk for NHB increased with higher neighborhood SES compared with NHW in the same SES quintile 
(20). Further, higher education was also found to be protective for advanced PCa among men residing 
in low SES, but not for men residing in high SES California neighborhoods (21) which suggests a 
varying effect on PCa survival even under similar area-level characteristics.  

When adjusting for individual-level factors representing disease severity and HC 
access/utilization, disparities were diminished further until they even reversed in Hispanics (model 
3, Table 3). Additionally, the magnitude of change was the highest in NAHI/AN and NHB as risk of 
PCa-specific mortality decreased from almost 2 to 1.3 and 1.6 to 1.2 respectively from model 2 to 3 
(Table 3). This could suggest that some minority groups might be more sensitive to area-level SES 
while others more to individual-level SES. Hence, no single method of intervention would be closing 
all disparity gaps, as those should be carefully crafted and tailored based on each group’s needs. One 
could even argue that in some minority groups individual-level factors could be driving poorer PCa 
survival in a way that better county-level SES cannot overcome. As an example, Du Xl et al, found 
individual-level SES to be accounting for disparities in PCa survival (37). 

Analysis demonstrating the association between poorer SES and severity (stage and grade) as 
well as HC utilization (“GS not done” and “surgery”) may provide partial early support for the view 
that these factors could play an intermediary role. Since worse stage/grade and poorer HC utilization 
(surgery/GS not done) were associated with county-level SES and increased the risk of PCa mortality, 
the inclusion of those factors appeared to strengthen the relationship between SES and PCa survival. 
More importantly, being insured was significantly protective against PCa mortality, however, 
adjusting for insurance, did not change the results between SES and HC utilization and disease 
severity in Table 4. This could show that insurance might not necessarily affect PCa survival by 
performing biopsy/surgery or by having a better stage at diagnosis, contrary to some findings. Also, 
men residing in counties with the worst HS education rates were more likely to undergo PCa-directed 
surgery. Both of these findings could demonstrate how better education in PCa patients leads to more 
in-depth discussions with healthcare providers about additional less invasive options such as 
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watchful waiting (38). Other studies suggested that while guaranteeing universal adequate health 
insurance is important, additional measures are needed to address persisting survival disparities (39-
40). Thus, interventions aiming at enhancing insurance status alone, will likely not improve 
healthcare utilization for men residing in SES-deprived counties.  

On the other hand, protective effect of “year” could be explained by advances in PCa 
management or could further backup recommendations against routine screening (41) since no 
increase in mortality was observed. It was surprising that unemployment showed a protective effect 
in NHW, which became non-significant in subsequent models adjusted for individual-level 
covariates. Since employment is tied with health insurance in the US, we would normally expect 
lower HC access (and hence lower survival) caused by higher unemployment rates. However, PCa 
patients have a mean age between 63-64, where most of those patients would be retired. Thus, 
detrimental effects of unemployment might not be as pronounced in this sample of elderly patients. 
Still, this variable was included to test whether unemployment on a county level would show any 
effect on individual-level survival.  

Last, NHAPI men often experienced better cancer survival than the remaining minority groups 
while NHAI/AN men showed to suffer from worse PCa survival disparities (Figure 1 and Table 3). 
Also, the six-fold mortality increase in NHAI/AN men residing in counties with the largest 
proportions of foreign-born/language may suggest that this group faces the strongest health burden 
when situated within heavily-dense foreign-born population which could be creating even more 
isolation for this minority group. Such findings illustrate a minority group that is relatively rarely 
discussed in the literature which warrants further attention and thus more public health, and clinical 
efforts should be focused on them. Alternatively, men residing in counties with the highest foreign-
born/language-isolated proportions tend to be protected against a more aggressive GS which could 
be explained by the social support phenomenon where minorities exhibit better outcomes when 
socially surrounded and supported (42,43).  

Strengths and limitations 

This study has several strengths including its population-based design that covers almost one-
third of the American population and its linkage to SES characteristics. To our knowledge, this study 
is the first study to relate county-level SES with PCa survival. Additionally, this study described how 
PCa survival varies across five racial/ethnic groups under different county-level SES profiles and the 
role of HC utilization and disease severity. 

Although some suggest that census tract-level analyses might detect more accurate relationships 
between area-level factors and individual health outcomes (23, 25), our adoption of the county-level 
might have been beneficial for delving deeper into disparities pathways. Meliker et al observed 
disappearing survival disparities in PCa between NHBs and NHWs when moving their spatial 
analysis from larger scales (Federal/State Legislative Districts) to neighborhoods (44) suggesting that 
smaller scales often mimic “SES adjustment” as smaller entities tend to be more homogenous. This 
likely demonstrates the advantage of adopting relatively larger geographical boundaries to capture 
racial/ethnic variation of survival and the crucial importance of area-level SES in PCa survival 
analyses. Further, as a multilevel regression was performed within our analysis, clustering of 
observations has been accounted for, where findings demonstrate robustness independent of 
geographical cluster effects.  

Despite its strengths, this study has also some limitations. Although missing data was kept at 
minimum in almost all covariates included (1% to 11.4%), the only exception was the large proportion 
of “unknown” values in GS. Despite this large percentage, “unknown” proportions remained the 
same across all racial/ethnic groups suggesting that missing results are not related to one group or 
another. Nonetheless, the absence of time-varying covariates could have also affected the estimate as, 
for instance, some patients could have migrated to another geographical location just after diagnosis. 
Furthermore, the absence of chemotherapy/radiation therapy data would have been informative in 
the context of individual-level variables' impact on PCa survival. Still, access to those would have 
been also linked to insurance status, a variable that was accounted for. Lastly, the smaller sample of 
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NHAI/AN as compared to remaining groups could have impacted group comparability. Due to the 
small NHAI/AN population, a longer period for incident cases could be adopted in the future to 
better represent variability within that group. 

Conclusions 

Overall, this study provides insight into the impact of county-level SES on 5-year PCa survival 
as risk of PCa-specific mortality for five ethnic/racial groups in the US. Using findings of this study 
could potentially inform the focus of public health efforts. As such, this study provides insight into 
the rising need to tailor interventions based on race/ethnicity and SES so that the benefit can be 
provided equitably. Future studies could benefit from performing mediation analysis for factors 
influencing the relationship between SES and PCa outcomes in order to more deeply understand 
pathways leading to PCa disparities.  
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