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ABSTRACT
Title of Dissertation: Contextual Analysis of the Effect of Prostate-Specific Antigen
Testing on Prostate Cancer Outcomes among Elderly Men
Jinani Jayasekera, Doctor of Philosophy, 2015
Dissertation Directed by: Eberechukwu Onukwugha, MS, PhD
Background: Prostate cancer (PCa) is the most common non-cutaneous cancer
diagnosed in American men, with a median age of diagnosis of 66 years. There is limited
information regarding the impact of pre-diagnosis annual prostate-specific antigen (PSA)
testing on PCa outcomes considering the role of contextual characteristics. This study
examined geographic variation in the effect of pre-diagnosis annual PSA testing on PCa
outcomes, and county-level factors underlying such variation among Medicare-eligible
older men.
Methods: A retrospective cohort study was designed to analyze men aged 65+ from the
linked Surveillance, Epidemiology, and End Results (SEER)-Medicare database. Prediagnosis annual PSA testing was stratified as receipt of 0-1 (reference), 2-3 or ≥4 PSA
tests 5-years before PCa diagnosis. Composite indices for county-level socioeconomic
and health services supply (HSS) characteristics were created using factor analysis.
Cluster-specific logistic regression models were used to examine the effect of prediagnosis PSA testing on stage at diagnosis and the likelihood of undergoing expectant
management (EM) for early-stage PCa.
Results: Among 37,760 men, 6% were diagnosed with incident distant PCa and 20%
underwent EM within the first two years of PCa diagnosis. In the adjusted analyses,
greater intensity of PSA testing was associated with a lower likelihood of incident distant

PCa diagnosis (AOR for ≥4 PSA tests: 0.20, 95%CI: 0.17-0.22), and a lower likelihood
of undergoing EM (AOR: 0.48, 95%CI: 0.43-0.54). Decreasing HSS characteristics were
associated with a higher likelihood of distant PCa diagnosis (AOR: 1.44, 95%CI: 1.081.92), and higher likelihood of undergoing EM (AOR: 1.32, 95%CI: 1.09-1.59). While,
the effect of pre-diagnosis PSA testing on stage at diagnosis did not vary across counties
(p-value=0.21), the effect on undergoing EM varied across counties (p-value<0.01). The
fully-adjusted predicted proportions ranged from 3-15% (SD: 7%) for distant PCa
diagnosis, and from 12-39% for EM (SD: 4%) across counties.
Conclusions: Stage at diagnosis and treatment for early-stage PCa among older Medicare
beneficiaries were influenced by individual and county characteristics. Geographic
variation in PCa outcomes highlights the variation in health care needs across the U.S.
The findings suggest that PCa screening guidelines should be informed by both patient
and contextual characteristics.
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1. Overview
1.1 Study Motivation and Rationale
The controversy surrounding prostate cancer (PCa) screening continues despite the
publication of several long-awaited randomized clinical trials commissioned to
accumulate evidence of efficacy of prostate-specific antigen (PSA)-based PCa
screening.1-3 The PCa screening debate in the U.S. was further fueled by the United
States Preventive Services Task Force recommendation against PSA-based PCa
screening among all healthy men in the general U.S. population. The disproportionate
burden of PCa among older men raises the issue of generalizability of trial findings to the
older Medicare population.

There is growing consensus that studies in cancer are best informed by an integrative
social-environmental perspective, which takes into account the interactions between
individuals and their contexts.4 However, the current debate on PCa screening policies in
the U.S. has not been systematically informed by the available evidence regarding the
impact of socio-environmental determinants on PCa outcomes. Previous studies have
shown substantial geographic variation in the dissemination of PCa screening and
treatment across the U.S.5 The level of geographic variation observed in PCa outcomes
suggests that PCa screening guidelines and recommendations should be informed by
individual characteristics as well as contextual and structural factors of where individuals
live and make health care decisions.

1

This study evaluates the relative contribution of preventive health behaviour
measured by pre-diagnosis annual PSA testing patterns, and county-level social
determinants in shaping PCa outcomes among Medicare-eligible older men in the U.S.
Substantial differences in socio-environmental determinants may result in the variation in
the uptake of PCa screening and subsequent PCa outcomes across different geographic
locations. For example, men living in health care resource deprived areas, may develop
poor health habits leading to lower screening rates, and thus may be more likely to be
diagnosed with advanced disease.6 Therefore, in order to better understand the impact of
PSA-based screening on PCa outcomes, area-level factors and their interactions
contributing to PCa morbidity must be evaluated. This understanding is necessary to
identify characteristics of high-risk locations and high-risk individuals and to develop
location- and patient-centered strategies to improve PCa outcomes in the U.S.

However, there is limited research evaluating the interaction between individuals and
their living environment leading to prevention and subsequent PCa outcomes among
Medicare-eligible older men. Improving broader socio-environmental determinants of
health concurrently with health behaviour may be a pathway to improving PCa outcomes
among older men in the U.S. This information could also be used to identify and provide
better support to individuals coping with socio-environmental barriers.

2

1.2 Conceptual Framework
Over the years, many health researchers have demonstrated that a narrow focus on
individuals outside of their social and physical contexts could limit our understanding of
cancer incidence, outcomes, and interventions.7-10 Moreover, the multifaceted nature of
cancer risk and outcomes requires the consideration of multiple biological, physical and
social influences on health across the lifetime. Theoretical and empirical work
investigating the role of contextual characteristics have relied on ‘geography’ to provide a
conceptual and methodological framework to link people to their context which contains
these physical and social influences.4 Geographical context may confirm or specify the
contribution of known factors, or may illustrate unknown variation worth further
investigation.

The conceptual framework shown in Figure 1 was derived from the spatial
interaction model of cancer prevention and outcomes developed by Mobely et al.,11-14
which is a hybrid of Andersen’s behavioral model of health services utilization,12,13 and a
model of spatial interaction adopted by the World Health Organization.14 This conceptual
framework illustrates the key characteristics of opportunities and challenges present in a
given geographic context, and the plausible interactions between individuals and these
characteristics leading to health prevention and subsequent cancer outcomes.

Accordingly, socioeconomic forces that determine demand for health care and
market forces that determine health services supply may influence cancer outcomes
directly, or indirectly through predisposing, enabling, and need characteristics of
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individuals. The predisposing category represents an individual’s proclivity to utilize
health care services, where an individual is more or less likely to use health services
based on demographic characteristics and position held within the social structure.35 The
enabling category includes resources found within the family including the location of
residence and the availability of persons for assistance. The need category includes both
individual and clinically evaluated perceptions of need for health services. Direct and
indirect effects of area-level characteristics can lead to social patterning of cancer
outcomes through area-level stratification processes that allow individuals to obtain
health-enhancing knowledge and take advantage of this awareness through prevention,
screening, early detection, and treatment.

4

Figure 1: Conceptual Frameworka

a.

b.
c.

Derived from Mobley’s ‘spatial interaction model of cancer prevention and outcomes’.11
The framework is a hybrid of the behavioral model of health services utilization,12,13 and
a model of spatial interaction adopted by the World Health Organization.14
Examples of facilities include physician offices, outpatient care centers, general medical
and surgical hospitals, and specialty hospitals.
Examples of health care personnel include physicians, surgeons, registered nurses,
pharmacists, and social workers.
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1.3 Specific Aims and Hypotheses
The broad range of possible influences suggested by the conceptual framework
(Figure 1) was used to design the current study and examine the influence of geography
and socio-environmental factors on PCa outcomes.

Specific Aim 1: To construct a socioeconomic status (SES) index and a health services
supply factor (HSSF) index to capture socioeconomic characteristics and the availability
of health care services within counties.

Specific Aim 2: To examine variation in the effect of pre-diagnosis annual PSA testing
on stage at PCa diagnosis, as well as county-level characteristics underlying such
variation among Medicare-eligible older men.
Sub-Aim 2 (i): To examine the association between pre-diagnosis annual PSA testing
and stage at PCa diagnosis among Medicare-eligible older men.
Alternative Hypothesis 2 (i): Older Medicare beneficiaries who received pre-diagnosis
annual PSA testing are less likely to receive an incident distant PCa diagnosis compared
to beneficiaries who did not receive pre-diagnosis annual PSA testing.

Sub-Aim 2 (ii): To examine geographic variation in the effect of pre-diagnosis annual
PSA testing on stage at PCa diagnosis across U.S. counties.
Alternative Hypothesis 2 (ii): Between-county slope variance for pre-diagnosis annual
PSA testing is statistically significant.
(The effect of pre-diagnosis annual PSA testing varies across counties)
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Sub-Aim 2 (iii): To examine the role of county-level HSSF and SES characteristics in
the relationship between pre-diagnosis annual PSA testing and stage at PCa diagnosis.
Alternative Hypothesis 2 (iii) a: Older Medicare beneficiaries who lived in counties
with ecological indicators of high HSSF and high SES are less likely to receive an
incident distant PCa diagnosis compared those who lived in low HSSF and low SES
areas.
Alternative Hypothesis 2 (iii) b: Cross-level interactions between county-level
SES/HSSF characteristics and pre-diagnosis annual PSA testing are statistically
significant.
(The effect of pre-diagnosis annual PSA testing on advanced stage PCa diagnosis is
modified by SES and HSSF characteristics of the counties.)

Sub-Aim 2 (iv): To examine the extent to which between-county differences in stage at
PCa diagnosis can be explained by the differences in SES and HSSF characteristics
between counties.

Sub-Aim 2 (v): To examine geographic variation in the predicted probability of distant
PCa diagnosis across counties, considering individual characteristics and contextual
characteristics of the counties.
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Specific Aim 3: To examine variation in the effect of pre-diagnosis annual PSA testing
on undergoing expectant management (active surveillance or watchful waiting) for
localized/regional PCa, as well as county-level characteristics underlying such variation
among Medicare-eligible older men.
Sub-Aim 3 (i): To examine the association between pre-diagnosis annual PSA testing
and expectant management for localized/regional PCa among Medicare-eligible older
men.
Alternative Hypothesis 3 (i): Older Medicare beneficiaries who received pre-diagnosis
annual PSA testing are less likely to undergo expectant management for
localized/regional PCa compared to beneficiaries who did not receive pre-diagnosis
annual PSA testing.

Sub-Aim 3 (ii): To examine geographic variation in the effect of pre-diagnosis annual
PSA testing on expectant management for localized/regional PCa across U.S. counties.
Alternative Hypothesis 3 (ii): Between-county slope variance for pre-diagnosis annual
PSA testing is statistically significant.
(The effect of pre-diagnosis annual PSA testing varies across counties.)

Sub-Aim 3 (iii): To examine the role of county-level HSSF and SES characteristics in
the relationship between pre-diagnosis annual PSA testing and expectant management for
localized/regional PCa.
Alternative Hypothesis 3 (iii) a: Older Medicare beneficiaries who lived in counties
with ecological indicators of high HSSF and high SES are less likely to undergo
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expectant management for localized/regional PCa compared those who lived in low
HSSF and low SES areas.
Alternative Hypothesis 3 (iii) b: Cross-level interactions between county-level
SES/HSSF characteristics and pre-diagnosis annual PSA testing are statistically
significant.
(The effect of pre-diagnosis annual PSA testing on the likelihood of undergoing
expectant management for localized/regional PCa is modified by SES and HSSF
characteristics of the counties.)

Sub-Aim 3 (iv):To examine the extent to which between-county differences in
undergoing expectant management for localized/regional PCa can be explained by the
differences in SES and HSSF characteristics between counties.

Sub-Aim 3 (v): To examine geographic variation in the predicted probability of
undergoing expectant management for localized/regional PCa across counties,
considering individual characteristics and contextual characteristics of the counties.
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2. Background
2.1 Prostate Cancer and Screening
PCa is the most frequently diagnosed non-cutaneous cancer and the second
leading cause of cancer mortality among men in the United States.15 In 2015, the
estimated number of new PCa cases was 220,800, accounting for 13.3% of all new cancer
cases among men in the U.S.16 Stage at diagnosis is an important non-fatal outcome
strongly associated with survival.17,18 Metastatic PCa has poor prognosis and death from
PCa is almost always caused by distant metastases.19 In 2015, the 5-year survival of
patients diagnosed with distant PCa was 28.2%.20 As with most cancers, there is no single
agent or process clearly identified to be responsible for disease occurrence.4

Even though it is not possible to prevent most cases of PCa, evidence suggests
that PSA-based screening can detect PCa many years before the occurrence of
symptoms.5,21-23 Thus, the primary goals of PCa screening are to reduce the development
of symptomatic metastatic disease and deaths due to PCa.24,25 Inadequate screening and
access barriers to screening may lead to an increase in the incidence of clinically
advanced and high grade PCa, which is associated with higher morbidity and mortality.

Despite the widespread uptake of PSA testing, the evidence for and against PSAbased PCa screening at the population-level has remained highly controversial.11,23,25,26
PCa screening may allow early detection of clinically significant cancers, resulting in the
reduction of the overall PCa-related morbidity and mortality.26,27 However, early
detection of localized (early-stage) cancers could also result in over-diagnosis and
10

untoward treatment-related side-effects.28-31 The controversy surrounding PCa screening
continued following the conflicting results produced by two randomized prospective
trials commissioned to determine the efficacy of PSA-based PCa screening in U.S. and
Europe.1-3 The United States Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer
Screening Trial reported no statistically significant reduction in the rate of PCa deaths
due to annual PSA testing after 13-years of follow-up (Rate Ratio: 1.09, 95% CI: 0.871.36).32 In the European Randomized Study of Screening for Prostate Cancer (ERSPC),
the rate of death due to PCa was significantly reduced in the screening arm (Rate Ratio:
0.79, 95% CI: 0.69-0.91, p<0.001) after 13-years of follow-up.33

2.1.1

A closer look at prostate cancer screening in the U.S. PLCO trial
The PLCO screening trial randomly assigned 76,685 men aged 55 to 74 years to

annual PSA screening or usual care between November 1993 and July 2001. Systematic
screening (intervention) was offered to individuals as annual PSA testing and digital
rectal examination (DRE) at baseline (year 0) and then annually through year 3, and PSA
only (without DRE) at years 5 and 6 years.2,32,34 The control participants (opportunistic
screening arm) were encouraged to continue to receive care from their usual health care
providers, where screening was neither encouraged nor discouraged. The primary
analysis was an intention-to-screen comparison of PCa mortality between the two study
groups.2 In an intention-to-screen comparison patients are analyzed according to their
initial assignment regardless of whether they received screening or not.
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After 13-years of follow-up, the incidence of PCa was significantly higher in the
screening arm (RR: 1.12, 95% CI: 1.07-1.17).32 A total of 401 participants were
diagnosed with high-grade (Gleason score 8–10) PCa in the intervention arm compared
with 454 participants in the control arm, showing a non-statistically significant decrease
in the incidence of high-grade PCa in the intervention arm (RR: 0.89, 95% CI: 0.771.01).32 However, the rate of PCa-specific mortality was very low in both arms, and the
difference was not statistically significant (RR: 1.09, 95% CI: 0.87-1.36).32 Several
studies have provided the following explanations for the observed results35,36: 1)
contamination of the control group, where 40 to 52% of patients in the usual care arm
received PSA screening during follow-up, 2) no PSA threshold for biopsy (PSA results
were reported to primary care physicians and a ‘community standard’ for biopsy was
applied at various centers), 3) the study represented ‘healthy volunteers’, who had higher
income and education than the average in the target population, 4) the patients selected
for the study were also found to undergo more frequent screening than the target
population, and 5) the trial did not evaluate the differences in treatment given to the
patients in the trial arms and its impact on mortality outcomes.

Even though reduction in the development of symptomatic metastatic disease is
considered an important PCa outcome, this information was not available in the PLCO
trial.25 However, the Göteborg branch of the ERSPC trial (the only trial that provided this
information), demonstrated a benefit of screening in terms of reducing the risk of a
metastatic PCa diagnosis (48.9% risk reduction in the PSA screened arm compared to
control arm, p=0.0084).1
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2.1.2

U.S. Preventive Services Task Force recommendation on PSA-based screening
and Related Guidelines
The U.S. Preventive Services Task Force (USPSTF) consists of an independent panel

of experts in primary care and prevention, who systematically reviews the evidence of
effectiveness and develops recommendations for clinical preventive services.37 Based on
the strength of the evidence and the balance of benefits and harms of a preventive service,
the USPSTF assigns each recommendation a letter grade (an A, B, C, or D grade or an I
statement) (Figure 2).25,37
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Figure 2: USPSTF grades and suggestions for practice26
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In May 2012, the USPSTF recommended against PSA–based screening for PCa
(grade D recommendation), among all healthy men in the general U.S. population
regardless of age (Figure 3).25 It must be noted that the recommendation does not apply to
the use of the PSA test for surveillance after diagnosis or treatment of PCa.
Figure 3: Clinical summary of U.S. Preventive Services Task Force recommendation26
USPSTF Recommendation
Population
Suggestions for Practice
Recommendation

Adult Males
Discourage the use of pre-diagnosis PSA testing
Do not use PSA-based screening for prostate cancer
Grade D

However, PSA-based PCa screening recommendations in the U.S. also vary by
organization (Table 1).35 PSA-based screening guidelines issued by the American Cancer
Society, American Urological Association, American College of Physicians, and National
Comprehensive Cancer Network contain affirmative recommendations stating the
conditions within which patients are invited to receive PSA-based screening, while the
2012 USPSTF recommendations do not include any conditions for PSA-based PCa
screening. However, the USPSTF recommendations carry greater weight with the
enactment of the Affordable Care Act, as insurers are now required to cover only those
services recommended by the Task Force.38 According to the letters submitted by Health
and Human Services Secretary Kathleen Sebelius to the members of the congress in
2012, Medicare intends to cover PSA testing in the short-term.39 Medicare Part B
(Medical Insurance) still covers PSA testing once every 12 months for screening
purposes.
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Table 1: Summary of PSA-based screening guidelines by organizations in the U.S.36
Organization

Year
published

Baseline
testing
(age)

Invitation
to
screening*
(age)

High risk
groups**
(age)

Screening
interval

American
Cancer
Society40

2010

None

Beginning
at 50 years
while life
expectancy
≥ 10 years

Beginning
at 40 years
while
life
expectancy
≥ 10 years

- Annually
if PSA ≥
2.5 ng/mL
- Every 2
years if
PSA < 2.5
ng/mL

2012

None

None

None

None

None

2013

None

55 - 69
years

40 - 69
years

Every 2
years

None
specified

2013

None

50 - 69
years

40 - 69
years

U.S.
Preventive
Services Task
Force 25
American
Urological
Association41
American
College of
Physicians 42
National
Comprehensive
Cancer
Network 43

Annually
if PSA ≥
2.5 ng/mL
Consider
For 40 2014
45 - 49
50 – 70
change in
49 years:
years
years
biopsy
- Every 1 70 - 75
2 years if
years if life threshold
PSA > 1
expectancy
ng/mL
≥ 10 years
- Repeat at
age 50 if
PSA ≤ 1
ng/mL
For 50 70 years:
- Every 1 2 years
*For men who are well-informed on the risks and benefits of PSA screening.
**African American race and first-degree relatives diagnosed with PCa.
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PSA
threshold
for
biopsy
(ng/mL)
- 2.5
ng/mL in
select
patients
- 4.0
ng/mL in
most
patients

None
specified
- 3.0
ng/mL
- <3.0
ng/mL
with
excess
risk based
on
multiple
factors
(family
history,
race, PSA
kinetics)

2.2 Prostate Cancer Screening and Post-diagnosis Treatment Patterns
PCa screening may result in the early detection of locally confined, less aggressive
cancers. In the absence of screening, PCa is diagnosed by disease-related symptoms, or
coincidentally at the time of unrelated symptoms of the urinary tract.44 More than 90% of
all PCa cases are diagnosed at the localized stage, and the 5-year relative survival rate for
patients who are diagnosed with localized disease is nearly 100% regardless of age at
diagnosis or whether they received therapy or not.45,46 Thus, some contend that many PCa
patients are “overtreated” – i.e., exposed to potential risks of therapy when benefits from
treatment are less apparent.47

PCa is the single most expensive cancer in terms of Medicare reimbursement costs,
even considering the cost of lung cancer among both men and women.48 Majority of PCa
costs are related to initial treatment.49 Treatment for PCa may involve surgery, external
beam radiation therapy, brachytherapy, watchful waiting, active surveillance,
chemotherapy, cryosurgery, hormonal therapy, or combinations. Not all patients
diagnosed with PCa undergo treatment due to the indolent nature of the disease; some
men are appropriate for watchful waiting and do not require any treatment.50 Clinicians
may be more comfortable offering watchful waiting or active surveillance for low-risk
disease considering its extremely low disease-specific mortality, even with 10-years of
follow-up.51 Active surveillance manages selected men with PCa expectantly with
curative intent.47 This means men are carefully selected and subsequently actively
observed in order to be able to offer them deferred curative treatment once the tumor
seems to progress. Watchful waiting entails a strategy for all men who are managed
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expectantly, whereas active surveillance focuses on men for whom therapy is delayed
until the tumor becomes progressive and curative treatment can be offered.47

Definitive or active therapy for localized PCa carries significant potential risks to
quality of life. The effects of greatest concern are damage to the urinary sphincter and
erectile nerves (nervi erigenti), resulting in urinary incontinence and impotence,
respectively.44 However, previous studies have shown that approximately 77% of older
men (65+ years) diagnosed as having low risk PCa (PSA threshold below 4.0 ng/ml)
undergo aggressive local therapy within the first 180 days of diagnosis.45 Factors
contributing to the observed treatment patterns among low risk PCa patients may include
frequent PSA testing prior to diagnosis,52,53 as well as the inability to distinguish indolent
from aggressive cancers,45 and significant comorbidity.51

Two studies have shown unadjusted associations between PSA testing and
treatment.52,53 According to Shao et al. men who received 4-6 PSA tests 5 years before
PCa diagnosis had 1.78 more odds to receive treatment (either surgery, radiation or
hormonal therapy) within the first 6 months (180 days) compared to those who had no
previous PSA testing (p<0.01).52 A study conducted using surveys and electronic medical
records collected from various sources (private and public hospitals, freestanding
radiological or surgical centers, Veterans Administration hospitals, Health Maintenance
Organizations, and private physician offices) also found that men with screen-detected
localized cancers more often underwent aggressive treatment compared to those who
were clinically diagnosed due to symptoms (76% vs. 70%, p-value= 0.05).53
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2.3 Geographic Variation
Studies have reported striking geographic variation in PCa outcomes across the
U.S.4,7,47,54-57 For example, the figure below illustrates the variation in PCa incidence
rates, by stage at diagnosis across 612 Surveillance, Epidemiology, and End Results
(SEER) covered counties in the U.S. (Figure 4- The figure was created using NCI’s
SEER*Stat software version 8.1.5 released on 3/31/2014). Several counties in New
Mexico, Kentucky, Iowa and Georgia show higher distant PCa incidence rates (shown in
darker red) compared to the surrounding counties within the state. Similarly, few counties
in Utah and Louisiana also show higher localized PCa incidence rates (shown in darker
green) compared to majority of the surrounding counties.
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Figure 4: Distribution of 3-year PCa incidence rates, by stage at diagnosis from 20102012 across SEER-covered counties (N=612)a
a) Distribution of distant PCa incidence rates

b) Distribution of localized/regional PCa incidence rates

a. The 3-year incidence rates shown below were age-standardized to the 2000 US standard
population and expressed per 100,000 population using NCI’s SEER*Stat software
(version 8.1.5 released on 3/31/2014).58
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Health care environments in the U.S. are heterogeneous with substantial variation
in locally-defined contextual characteristics (e.g. socioeconomic and health services
supply) across states and counties.11,59-62 Therefore, geographic variability in the
availability of area-level resources may explain some of the observed geographic
disparities in PCa outcomes.4,55,56

Area-level resources have shown independent associations with both individuallevel PSA testing patterns and PCa outcomes specifically, stage at diagnosis and
treatment. For example, Garg et al. reported that, after adjusting for individual
characteristics, men living in areas with a low prevalence of physicians had lower odds of
receiving PCa screening.23 According to Klassen et al. after adjusting for individual-level
characteristics, increasing county-level resources were independently associated with a
lower likelihood of late-stage PCa diagnosis (OR: 0.94, 95% CI: 0.89-0.98) (county-level
resources were measured by a composite index of percent high school graduates, percent
employed, median household income, and percent of residents who had moved within 5years).9 Similarly, Shreiber et al. showed area-level socioeconomic disparities in the
selection of patients to receive prostate brachytherapy, which may have resulted from
lack of access to physicians with brachytherapy experience in low SES areas.63 These
studies indicate that area-level resources are linked to several factors that may directly
and indirectly influence the burden of PCa outcomes, including factors that influence
lifestyle, preventive knowledge, as well as access, quality and utilization of health care
services.
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Figure 5: Area-level resources as a confounder in the relationship between PCa screening
and PCa outcomes

PCa screening

PCa Outcomes

Area-level
characteristics

Thus, area-level characteristics may act as important confounders (Figure 5) or
effect modifiers in the relationship between PSA-based screening and PCa outcomes.
Therefore, population-based analysis examining the impact of PSA-based screening on
PCa outcomes must account for these area-level influences.

Further, geographic units such as states or counties in the U.S. can create unique
socio-ecological systems that could vary based on a variety of socio-environmental
factors, individual-level characteristics of the inhabitants, and their interactions with the
environment. A focus on the role of area-level characteristics or geography in shaping
individual health outcomes then also raises the question of variation in the effect of PCa
screening on PCa outcomes across geographic units (Figure 6). However, few studies
have focused on examining the variation in the effect of PSA-based screening on PCa
outcomes across geographic units in the U.S.
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Figure 6: Illustration of the variation in the effect of PCa screening on PCa outcomes
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Area-level Socioeconomic Status Characteristics
Previous reports have highlighted substantial variation in locally defined SES

across states and counties in the U.S.11,59-62 SES is a central feature of the social structure
of all complex societies.8 Area-level SES is usually measured by income, poverty,
employment, education, and occupation.60,64,65 A variety of methods have been used to
measure SES in epidemiologic research, both at the individual and aggregate levels.
Indicators of SES are highly correlated and could result in multicollinearity in a
multivariable analysis. Therefore, factor analysis has been recommended and used to
combine multiple indicators of SES into a single composite measure. SES indices may
include various combinations SES indicators belonging to domains of income, poverty,
education, employment, occupation, home ownership, and related attributes.60,62,66-70 For
example, median years of education or percentage of individuals over 25 years of age
with a certain level of education (e.g. high school diploma, bachelor's degree) have been
23

used as measures of education. Median household income or percent below the poverty
level are often used to represent income.60,64 However, some researchers claim poverty
level is a better measure than median household income, while others stress the
importance of accounting for family size when quantifying income as an indicator of
SES. 64 Consensus is lacking, as to which SES measures should be used to study the
effects of SES on PCa outcomes.71,72

Studies have reported a statistically significant increase in the odds of getting
diagnosed with advanced PCa among patients residing in low SES areas, after controlling
for individual-level characteristics including health-insurance status, age, year of
diagnosis and race/ethnicity.9,73 The proposed mechanisms for explaining the positive
association between area-level SES and stage at PCa are related to living a healthy life
style including consuming a healthy diet, engaging in exercise, health-seeking behavior,
and preventive knowledge.55,64 Studies comparing the primary treatment choice for earlystage PCa have highlighted area-level socioeconomic disparities in treatment choice. 74,75
For example, Aarts et al. found that men who lived in low SES areas were more likely to
undergo watchful waiting (vs. prostatectomy, radiation therapy or hormonal therapy)
compared those living in high SES areas (OR low vs. high SES: 1.21, 95% CI 1.00-1.47),
before adjusting for comorbidity status.75 However, the relationship was not statistically
significant after adjusting for comorbidities (OR low vs. high SES: 1.20, 95% CI 0.991.45).75 Similarly Rapiti et al. reported that men living in low SES areas were less
frequently treated with curative intent (e.g. prostatectomy: 23%) and more often managed
with watchful waiting (28%) (p<0.01).74
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2.2.2

Area-level health services supply characteristics
Availability of health care services or healthcare infrastructure– defined as density

of healthcare professionals, facilities and services – is a prerequisite for the use of
healthcare resources.76 PCa patients may benefit from a richer healthcare infrastructure in
two ways: earlier diagnosis and better treatment. The adequacy of the current workforce,
facilities and services and their ability to meet and optimize the growing demand for
cancer care, is an important area of ongoing study.77

Access to physician services is an important predictor of stage at cancer
diagnosis.78,79 Coughlin et al. explored the effect of the availability of health care services
within counties in terms of the number of primary care physicians, and obstetriciangynaecologists (per 100,000 female population or per 1000 square miles) on stage at
breast cancer diagnosis.61 They found that women living in counties with fewer officebased physicians were more likely to receive a diagnosis of later stage breast cancer than
those living in other counties (p<0.01).61 Higher physician density has also shown
associations with earlier stage of diagnosis of malignant melanoma80 and lower incidence
of late-stage colorectal cancer.81 Major et al. reports that men living in counties with a
lower density of urologists have a substantially increased risk of developing advanced
PCa diagnosis among African American men (HR: 2.68, 95% CI:1.31-5.47).82 These
associations may be explained by improved access, decreased waiting times and
increased the opportunity for contact between the patient and physician facilitated by the
higher physician-per-population ratio.81 Relatively few studies have explored the impact
of the availability of non-physician health care providers (e.g. pharmacists, registered
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nurses, social workers etc.) who have expanded roles and responsibilities in fostering
prevention and better cancer outcomes.

Availability of health facilities and services within counties may also influence
cancer outcomes. An investigation of health system resources on surgical management
and post-operative radiation therapy (PORT) receipt in patients with glioblastoma
multiforme identified density of hospitals with radiation oncologists as a predictor of
PORT receipt.83 Major et al. 82 explored the impact of population density of hospitals on
PCa risk among African American and Caucasian men. They found a statistically
significant relationship between the risk of PCa and density of hospitals among
Caucasian men (Hazard Ratio: 0.94, 95% CI 0.89-0.98). Fewer studies have explored the
impact of the availability of a broader range of health care facilities (e.g. physician
offices, outpatient care centers, general medical and surgical hospitals, diagnostic
laboratories) on PCa outcomes.

2.2.3

Geographic unit of analysis
Previous studies have examined cancer outcomes at block, census tract, zip-code

and county-levels. Smaller areas, such as census tracts and blocks were used in these
studies due to the likelihood of homogeneity in population characteristics, economic
status, and living conditions.60,64,69 Although blocks and census tracts are more likely to
be homogeneous than larger geographic units, they are more susceptible to change over
time.69 Zip codes were established by the U.S. Postal Service for efficient delivery of
mail.84 As zip codes generally do not follow political boundaries, they do not provide a
meaningful basis for economic or health services planning.85 Counties are legislative
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areas with 100,000 persons on average, and they are more stable sociopolitical and
geographic entities compared to census tracts and blocks.64,69 Counties provide an
appropriate socioeconomic, political, and community context within which many social
and public health policies are formulated and implemented in the U.S.69,86,87

2.2.4

Two-level hierarchical structure

A two-level hierarchical data structure was used to examine Aims 2 and 3. In the
current study, individuals (i.e. the lower-level unit) were nested within counties (i.e. one
higher-level unit). As shown in Figure 7, it was assumed that each level 1 unit
(individual) belonged to a single level 2 unit (county).

Figure 7: Unit diagram of a two-level nested structure; individuals in counties
County
C1

Individuals

In1

In2

C2

C3

In3 In1 In2 In
1

In2

C4

In3 In1

In2 In3

In4

C County, In Individual

The unit diagram above illustrates the essential structure of individuals nested within
counties. This structure is likely to give rise to correlated or non-independent data, in the
sense that individuals in the same county will often have a tendency to be similar on
some variables.
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2.2.5

Two-level Random Intercept/Slope Models for Binary Responses
Multilevel modelling techniques were used to explore the effects of county-level

(level 2) predictors and geographic variation in the effect of pre-diagnosis annual PSA
testing on PCa outcomes across counties. Inclusion of county-level variables in a singlelevel model may result in inaccurate standard errors and erroneous conclusions. The
multilevel random intercept model written for a binary response shown in Equation 1
captures county-specific random effects, which allow for unobserved group
characteristics that lead to within-group dependencies.
Equation 1: Two-level Random Intercept Model for Binary Responses88

: the probability of experiencing the outcome.
F-1 = link function: the inverse cumulative distribution function of a logit link function.

1
Where

~ N (0,

)

β0=log-odds that y = 1 when x = 0 and u = 0 and it is referred to as the overall intercept in
the linear relationship between the log-odds of y and x.
Exp (β0) = the odds that y = 1 for x = 0 and u = 0.
β1= Cluster-specific effect, it is the effect of a 1-unit change in x on the log-odds that y =
1, after adjusting for (or holding constant) the county effect u.
Exp (β1) = odds ratio comparing the odds that y = 1 for two individuals (in the same
county) with x-values spaced 1 unit apart.
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Exp (β2) = odds ratio comparing the odds that y = 1 for two counties with x-values spaced
1 unit apart.
uj = county (random) effect (intercept for a given group j is β0 + uj)
= between county variance adjusted for x (also known as unexplained level 2
variance).
= within county variance

The fully-adjusted random intercept model which was used in Aims 2 and 3 is
shown below (Equation 2). Level-1 covariates included in the model were guided by
theory and previous literature.
Equation 2: Fully- adjusted random intercept model
y ∗ = β +ρ (4-5 annual PSA-tests) ij + ρ (2-3 annual PSA-tests) ij
+ η (Other preventive health behavior) ij+η (Demographics) ij +η (Clinical
characteristics) ij + η (Year of diagnosis) ij + β SES_cat + α HSSF_cat + u + e∗

Y* represent the underlying propensity of being in a response category 1 rather than 0.


Response category for Aim 2: Distant PCa diagnosis (1), Localized/regional PCa
diagnosis (0)



Response category for Aim 3: Expectant Management (1), Active Treatment (0)

∗

is a level 1 residual with mean zero and

∗

is unobserved, it was set to scale by fixing

∗.

was assumed (random intercept logit model).

29

∗.

A logistic distribution with

∗=

3.29

The log-odds of an incident distant PCa diagnosis (Aim 2) or the log odds of
undergoing expectant management (Aim 3), when all the covariates and random effect
(u0j) are held at 0.
,

Coefficients for pre-diagnosis annual PSA testing 4-5 times, and 2-3 times 5-

years before PCa diagnosis
(Cluster-specific effects) interpretation: The effect of pre-diagnosis annual PSA
testing 4-5 times on the log-odds of an incident distant PCa diagnosis (Aim 2) /or
undergoing expectant management (Aim 3) for a given county, when cluster-specific
unobservables captured by the random effect u0j and other covariates are held constant. In
other words,

represents a contrast between two individuals in the same county (or in

different counties with the same random effect value) who had received pre-diagnosis
annual PSA testing 4-5 times and 0-1 PSA tests.
-

=covariates

(cluster-specific effects) interpretation (e.g. colon cancer screening): The effect of
colon cancer screening on the log-odds of experiencing a PCa outcome (an incident
distant PCa diagnosis or undergoing expectant management) for a given county, when
cluster-specific unobservables captured by the random effect u0j and other covariates are
held constant. In other words,

represents a contrast between two individuals in the

same county (or in different counties with the same random effect value) who had
received colon cancer screening and no colon cancer screening.
= The log-odds of an incident distant PCa diagnosis (Aim 2) or undergoing expectant
management (Aim 3) of a patient living in a high SES county compared to a patient
living in a low SES county.
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α = The log-odds of an incident distant PCa diagnosis (Aim 2) or undergoing expectant
management (Aim 3) of a patient living in a high HSSF county compared to a patient
living in a low HSSF county.

Variance partition coefficients (VPC) were calculated to measure the proportion
of variance in the outcome that was attributable to level 2 or county-level effects. VPC
was calculated using equation 3.
Equation 3: Variance Partition Coefficients (VPC)

VPC=

Level 1 residual variance=

Random slopes (

Level 2 residual variance
Level 1 residual variance + Level 2 residual variance
∗=

3.29 (random intercept logit model)

) were introduced for PSA testing (4-5 times and 2-3 times)

to allow the effect of pre-diagnosis annual PSA testing to vary across counties.
Equation 4: Fully-adjusted random intercept/slope model
y ∗ = β +ρ (4-5 annual PSA-tests) ij + ρ (2-3 annual PSA-tests) ij
+ η (Other preventive health behavior) ij+η (Demographics) ij +η (Clinical
characteristics) ij + η (Year of diagnosis) ij + β SES_cat + α HSSF_cat + u
+ u (4-5 annual PSA-tests) ij

+ u (2-3 annual PSA-tests) ij + e∗
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Random effects
means, variances

,

and
,

were assumed to follow normal distributions with zero

and

respectively, and covariance between county

intercepts and slopes, were interpreted as the between-county variance in the log-odds of
experiencing the PCa outcome holding the other variables constant.

was interpreted

as between-county variance in the log-odds of experiencing the PCa outcome holding the
other variables constant.

or slope variance is interpreted as the between-county

variance in the effect of pre-diagnosis annual PSA testing 4-5 times 5-years before PCa
diagnosis. The expression,

or slope variance is interpreted as the between-county

variance in the effect of pre-diagnosis annual PSA testing 2-3 times 5-years before PCa
diagnosis.

Testing the significance of random slopes:
The extension from random intercepts to random slopes introduced the following
,

new parameters to the random slope model:

,

,

and

(variance and

covariance parameters of random slopes). Significance of the additional parameters was
assessed by comparing the random intercept model and the random intercept/slope model
with random slopes for pre-diagnosis annual PSA testing. A statistically significant test
indicated that the effect of pre-diagnosis annual PSA testing on the given PCa outcome
(Aim 2: distant PCa diagnosis, Aim 3: expectant management) varied across counties.
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Testing for cross-level interactions:
Interaction terms were introduced to the models to examine if the effect of prediagnosis annual PSA testing was modified by county-level SES and HSSF
characteristics.
Equation 5: Fully- adjusted random intercept model with interactions (SES)
y ∗ = β +ρ (4-5 annual PSA-tests) ij + ρ (2-3 annual PSA-tests) ij
+ η (Other preventive health behavior) ij+η (Demographics) ij +η (Clinical
characteristics) ij + η (Year of diagnosis) ij + β SES_cat + α HSSF_cat
+μ

4

5 annual PSA tests

SES_cat

u + e∗

The interaction term ( ) tests if the effect of pre-diagnosis annual PSA testing 4-5 times
was modified by the level of SES in the county of residence. The null hypothesis in a test
for a cross-level interaction is that the coefficient ( ) equals zero. Likelihood ratio test
was used to test the significance of the interaction term.
Equation 6: Fully- adjusted random intercept model with interactions (HSSF)
y ∗ = β +ρ (4-5 annual PSA-tests) ij + ρ (2-3 annual PSA-tests) ij
+ η (Other preventive health behavior) ij+η (Demographics) ij +η (Clinical
characteristics) ij + η (Year of diagnosis) ij + β SES_cat + α HSSF_cat
+μ

4

5 annual PSA tests

HSS_cat

u + e∗

The interaction term ( ) tests if the effect of pre-diagnosis annual PSA testing 4-5 times
was modified by the level of health services supply in the county of residence. The null
hypothesis in a test for a cross-level interaction is that the coefficient ( ) equals zero.
Likelihood ratio test was used to test the significance of the interaction term.
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2.4 Gaps in knowledge
2.4.1

Morbidity-related PCa outcomes and Medicare population
PCa is most frequently diagnosed among men aged 65-74 years, making it an

important issue in the Medicare population.16 According to the National Cancer Institute,
approximately 60% of the men diagnosed with PCa from 2008-2012 in 18 SEER covered
regions were men older than 65 years.16 Since 2000, Medicare has paid for annual PSA
testing without an upper age limit, eligibility requirements or evaluation.89 However, with
the enactment of the Affordable Care Act and the USPSTF recommendation against
PSA-based screening, Medicare now does not have to cover annual PSA testing for
screening purposes.38

Reduction in the development of symptomatic metastatic disease is an important
goal of PCa screening.25 However, information on the impact of PSA-based screening on
the incidence of symptomatic metastatic disease was not available in the PLCO screening
trial.25 In particular, morbidity-related outcomes such as stage at diagnosis and treatment
may play an important role in screening decisions among older men. There is a need for
more information on the impact of pre-diagnosis annual PSA testing on morbidity-related
outcomes to assess the overall value of PSA-based PCa screening, specifically among
Medicare-eligible older men.

In addition, the evidence assessed by the USPSTF to recommend against PSAbased PCa screening in the general U.S. population raises the issue of generalizability of
screening trial findings to the older Medicare population. Although clinical trials may
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overcome concerns regarding internal validity, they often raise concerns regarding
external validity and generalizability because clinical trial enrollees tend to be younger
and healthier than most patients with cancer and often times represent highly selected
patient subgroups.90 Therefore, there is a gap in the literature regarding the impact of prediagnosis annual PSA testing on PCa outcomes among Medicare-eligible older men.

2.4.2

Geographic variation
During the past two decades, concerns have been raised by studies indicating that

area-level socio-environmental characteristics continue to influence the use of preventive
screening services and cancer outcomes among Medicare-eligible elderly in the
U.S.23,91,92 These studies highlight the need to consider the ‘contexts’ that influence
health care decision-making and subsequent cancer outcomes. While studies have
examined the effect of various contextual characteristics on PSA-based screening and/or
PCa outcomes, there is no information regarding the variation in the effect of prediagnosis annual PSA testing on PCa outcomes across locally defined geographic entities
such as counties, where many public health policies are formulated and implemented in
the U.S. Further, there is a lack of information on the extent to which the differences in
contextual SES and HSSF characteristics across counties could explain the observed
geographic differences in PCa outcomes across the U.S.

2.4.3

County-level health services supply
Health care supply within a given geographic area is determined by two types of

variables; 1) availability of health care personnel (e.g. primary care physicians, medical
specialists nurses, pharmacists, social workers), and 2) availability of health care facilities
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(e.g. hospitals, physician offices). However, there is a dearth of information on the
influence of the availability of non-physician health care providers on PCa outcomes. In
addition, similar to indicators of SES, indicators of health services supply could be highly
correlated, which could result in multicollinearity in a multivariable analysis. However,
previous studies have paid limited attention to the development of a composite measure
of health services supply including a broader range of health care professionals and
facilities available within counties.
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3. Measurement of county-level socioeconomic deprivation and
health care resource scarcity
3.1

INTRODUCTION
PCa is the most frequently diagnosed non-cutaneous cancer among men in the United

States.15 Previous studies have reported pronounced geographic variation in PCa
incidence rates across the US.56,93,94 The risk of PCa is also susceptible to human
intervention through screening, early-detection, and prevention.61,70,82 Thus, the large
geographic variation in PCa incidence rates has been attributed to differences in the use
of screening tests and diagnostic practices, prevalence of risk factors such as smoking,
obesity, as well as disparities in the national distribution of socioeconomic characteristics
and access to health care.93,95,96

The conceptual framework in Figure 1, derived from the ‘Spatial Interaction
Model of Cancer Prevention and Outcomes’11 illustrates the plausible interactions
between individual and area-level characteristics leading to health prevention and
subsequent cancer outcomes. It shows that the context in which people live may influence
health, directly through socioeconomic forces that determine demand for health care or
market-level forces that determine health care supply or indirectly through predisposing,
enabling, and need characteristics of individuals. Direct effects of area-level
characteristics can lead to social patterning of cancer outcomes through area-level
stratification processes that allow individuals to take advantage of health beneficial
knowledge such as screening. Therefore, measures of contextual characteristics can be
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viewed as both proxies for unmeasured mechanisms or as actual exposures in their own
right, or both.97

Conceptually, area-level characteristics can be measured using single measures
representing contextual attributes of demand (e.g. percentage below poverty level) and
health care supply (e.g. number of hospitals) or composite indices consisting of key
indicators drawn from several domains.60,67-69,84,98 Although single measures can be used
to characterize geography, a composite index consisting of key indicators drawn from
several domains would more accurately reflect the multidimensional nature of a
community’s position with respect to social organization.69,99-101 In addition, area-level
indicators (e.g. indicators of socioeconomic deprivation such as income, poverty and
occupation) tend to be highly correlated, which may lead to multicollinearity in a
multivariable analysis.64,102 Therefore, a composite index should have greater validity,
robustness, statistical efficiency, and explanatory power than single area measures in
documenting the impact of area-level characteristics on disease outcomes.69,102

Several composite indices have been developed to handle highly-correlated arealevel socioeconomic characteristics in the U.S., and these area-based composite
deprivation indices have been used extensively in cancer settings.60,67,68,70,84,98,102-104
However, there has been limited focus on the development of a composite health care
supply index to capture the impact of health care resource availability on cancer
outcomes. As shown in the conceptual framework in Figure 1, area-level health care
supply can be determined by the density of health care facilities, health care personnel,
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crowding and distance traveled to obtain health care. Health care facilities within a given
geographic unit may influence screening practices of individuals and, thereby, impact
cancer incidence rates.61,82,83 Availability of physicians has been identified as an
important single predictor of cancer outcomes. Higher physician-per-population ratio
may improve access by decreasing waiting times and increasing the opportunity for
contact between the patient and physician.78-81,105 However, few studies have explored the
aggregate impact of health care supply characteristics including a broad range of
facilities, services and physician/non-physician health care providers on cancer
outcomes.106

According to Oakes,8 for comparative and instrument design purposes composite
measures developed for public health research should aim to have the following
properties: (1) be based on a unified and well-developed theoretical framework; (2) have
sound psychometric properties; (3) permit analyses across the life-course; (4) be
amenable, if not restricted, to ‘‘aggregation’’ for analyses at higher (more macro) levels
such as county; (5) be adaptable to temporal changes in social structures; (6) employ
terms/concepts that policy-makers understand; and perhaps most importantly, (7) be
practical and useful in applied public health and health services research. Area-level
measures developed based on these criteria can be useful in improving our understanding
of important aspects of social structure and its impact on cancer incidence.8,69

Area-level characteristics particularly play an important role in detecting
socioeconomic gradients in PCa incidence. Studies have shown associations between
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increasing PCa incidence rates and increasing area-level SES, which have been attributed
to regular screening in high SES neighborhoods. 64 As shown in the conceptual
framework (Figure 1), cancer screening requires interaction with both healthcare services
and the larger environment in which those services exist. However, gradients detected by
area-level health care supply have not been well-established in PCa settings. Therefore,
the objectives of the current study are, 1) to outline a reproducible approach to develop a
county-level socioeconomic status (SES) index that capitalizes on publicly available US
census data on county characteristics, 2) to develop a novel county-level health services
supply factor (HSSF) index to measure health care supply characteristics and, 3) to
evaluate the predictive validity and the utility of the measures in PCa settings. According
to the literature, in order to allow for temporal sequencing between area
deprivation/resource scarcity and individual health outcomes, measures defined at the
earliest decennial time point are preferable.69 Therefore, the county-level SES and HSSF
indices developed using 2000 data were linked to the SEER registry data from 2000 to
2004.

3.2

METHODS

3.2.1

Data sources

County-level characteristics were obtained from the year 2000 US Census, County
Business Patterns (CBP), Area Health Resource Files (AHRF), and the U.S. Census
Equal Employment Opportunity (EEO) Tabulation. The US census data provide detailed
information about population-level characteristics including age, sex, households,
families, housing units, occupation, income, poverty, race and ethnicity at block, zip
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code, census tract, county and state-levels.107 County-level indicators of socioeconomic
characteristics were extracted from the 2000 U.S. census. CBP data provide annual
statistics for businesses with paid employees within the U.S. at a detailed geography and
industry-level.108 CBP was used to obtain data on health care facilities available in
counties in 2000. AHRF was used to obtain information on the availability of health care
facilities not provided in CBP data (i.e. Rural Health Clinics and Federally Qualified
Health Centers).109 The Census 2000 EEO Tabulation produced by the U.S. Census
Bureau provides information on 467 detailed occupations according to where people
worked at the time of the census.110 The availability of physician and non-physician
health care providers in the counties were obtained from the EEO database.

Data on PCa incidence as well as stage at diagnosis from 2000 to 2004 were
collected using the National Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) database.111 The cases were assigned county-level information extracted
from year 2000 data assuming that the socioeconomic and health services supply
rankings of counties would remain stable over a 5-year period (2000-2004). SEER
consists of a national cancer surveillance network of regional cancer registries covering
approximately 28% of the U.S. population. Each registry records all diagnosed cancers
within its region and detailed information on demographic characteristics, the date of
cancer diagnosis, cancer site and histology and initial cancer therapies.111,112 It must be
noted that due to patient privacy concerns, SEER data do not routinely disclose patient
geographic location at levels smaller than the county.
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3.2.2

Measures: County-level socioeconomic characteristics
The literature is replete with different SES indices that are composed of various

census variables, and there is high degree of heterogeneity in the combinations of arealevel SES measures used in these studies.10 Particularly important to this analysis were
the area-based composite SES indices developed by Yost,60 Krieger,84 Dayal,67 Robert,98
Saldana-Ruiz,68 Singh, 103 and Rubin, 70 because these measures have demonstrated
associations with cancer incidence and/or mortality at different geographic levels
including block, census tract, zip code and county. The combinations of various arealevel measures used in these studies incorporates the broad domains of SES including
occupation, employment, education, poverty, income, housing, ownership, and living
crowdedness. For example, the ‘poverty’ domain included percentage of persons below
poverty, multiples of the poverty line, and percentage of families below poverty-level.
‘Education’ had been defined using median years of education or percentage of
individuals over 25 years of age with a certain level of education (e.g. high school
diploma, bachelor's degree).

For the current study, twenty-five county-level socioeconomic measures
belonging to the eight domains were extracted from the 2000 US census data. The
measures extracted for ‘Occupation’ were percentage of persons in white-collar and
working class occupations. Measures included in ‘Education’ were percentage less than 9
years of education, aged ≥ 25 years with ≤12th grade of education, population aged ≥25
years with at least a high school diploma, and aged ≥ 25 years with ≥ 4 years of college.
In order to obtain a single, representative indicator of education from multiple
educational categories, a weighted sum of the distribution of years of schooling was used
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to create an education index as first proposed by Liu et al.113 ‘Employment’ included,
percentage aged ≥16 years who were unemployed (or employed). The measures included
in ‘Poverty’ were percentage of persons below poverty line, below 150% of poverty line,
and percentage of families below poverty level. The measures extracted for ‘Income’
were, median family income, median household income, percentage of total household
income in the area derived from interest, dividends, and net rent. The ‘Ownership’
domain included, percentage home ownership, car ownership and, no telephone. ‘Living
crowdedness’ included, percentage of households with more than one person per room,
with only one room, without private plumbing and, without a kitchen. The ‘House’
domain included, median house value, median rent, median monthly mortgage and
percentage home worth ≥ $300,000.64

3.2.3

Measures: County-level health services supply characteristics
All health care personnel, facilities and services that could potentially influence

the uptake of screening services and early detection of cancer were considered for HSSF
index development. The descriptions of the facilities, services and health care personnel
extracted from the 2000 CBP, AHRF and EEO Tabulation are provided in Appendix 1. In
order to protect the confidentiality of Census respondents, the Census Special EEO
Tabulation do not provide county-level information on counties with less than 50,000
residents. As a result, information on physician and non-physician health care providers
was available for 914 counties out of a total of 3,141 counties in the U.S. The total
number of facilities and health care providers that were available in the 914 counties in
2000 were calculated for each category (Appendix 2). In order to capture resource

43

scarcity in counties considering travel distance and density of the population, the count of
resources for each type was divided by the land area of the county, and then multiplied by
1,000. Therefore, each health care characteristic in each county was expressed as the
number of facilities, services or health care providers available per 1,000 square miles.

3.2.4

Basic Concepts: Common Factor Analysis114,115
Common factor analysis with SAS Proc factor procedure was used to create SES

and HSSF indices to remain consistent with the methods recommended by the National
Cancer Institute to create area-level composite measures to investigate health disparities
while protecting the confidentiality of cancer registry data.64 ‘Common factor analysis’ is
the oldest and the best known statistical procedure for investigating relations between sets
of observed and unobserved factors. 118,119

The primary purposes of common factor analysis are, 1) data reduction and 2)
summarization (by grouping correlated variables).116 Common factor analysis is
conducted near the onset of research to investigate sets of measured variables related to
theoretical constructs.116,118,119 A ‘common factor’ is an unobserved latent variable that
can be inferred from a set of observed variables.116 In common factor analysis, it is
assumed that the variance of a single variable can be decomposed into common variance
that is shared by other variables included in the model, and unique variance that is unique
to a particular variable and the error component. It must be noted that common factor
only analyzes the common variance of the observed variables.
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In order to identify the latent dimensions that explain why the variables are
correlated with each other, a small number of factors are first extracted to account for the
inter-correlations among the observed variables.116 A common factor should contribute to
the variance of at least three of the observed variables.117 The common factor model
posits one unique factor for each observed variable. The equation for the common factor
model is given by, 118,119

Where,
yij is the value of the ith observation on the jth variable
xik is the value of the ith observation on the kth common factor
bkj is the regression coefficient of the kth common factor for predicting the jth variable
eij is the value of the ith observation on the jth unique factor
q is the number of common factors

It was assumed that all variables have a zero mean. Therefore, in matrix terms, these
equations reduce to,

In the preceding equation, X is the matrix of factor scores, and B′ is the factor pattern.

In common factor analysis, the unique factors play the role of residuals and are
defined to be uncorrelated both with each other and with the common factors. Each
common factor is assumed to contribute to at least three variables; otherwise, it would be
considered a unique variable.
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When the factors are initially extracted, it is also assumed, for convenience, that the
common factors are uncorrelated with each other and have unit variance.

where S is the covariance matrix of the observed variables, U2 and is the diagonal
covariance matrix of the unique factors.

If the original variables are standardized to unit variance, the preceding formula
yields correlations instead of covariances. It is in this sense that common factors explain
the correlations among the observed variables. When considering the diagonal elements
of standardized S, the variance of the jth variable is expressed as

where

and are the communality and uniqueness,

respectively, of the jth variable. The communality represents the extent of the overlap with
the common factors. In other words, it is the proportion of variance accounted for by the
common factors.

Extraction method
There are several methods of factor extraction available in the SAS PROC Factor
procedure. Maximum likelihood method was used to maintain consistency with the
methods recommended by the National Cancer Institute to create composite area-level
SES measures.64 Maximum likelihood method estimates loadings that maximize the
likelihood of sampling the observed correlation matrix from the population. This method
of estimation also has desirable asymptotic properties.118
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Determining the number of factors
The Kaise-Guttman rule (eigenvalue (variance) greater than 1.0), scree test,
percentage or proportion of the common variance, and interpretability of the factors were
used as guidelines to determine the number of factors.116,119 The SCREE option in the
PROC FACTOR statement produces a scree plot that illustrates the rate of change in the
magnitude of the eigenvalues for the factors.116

Rotation118,119
Factor interpretation is a subjective process. It can be made less subjective by
rotating the common factors—that is, by applying a nonsingular linear transformation. A
rotated pattern matrix in which all the coefficients are close to 0 or ±1 is easier to
interpret than a pattern with many intermediate elements. Therefore, most rotation
methods attempt to optimize a simplicity function of the rotated pattern matrix that
measures how close the elements are to 0 or ±1. After the initial factor extraction, the
common factors are uncorrelated with each other. If the factors are rotated by an
orthogonal transformation, the rotated factors are also uncorrelated. If the factors are
rotated by an oblique transformation, the rotated factors are allowed to correlate, but it
doesn’t force the constructs to be correlated if the factors are truly uncorrelated.
However, a consequence of correlated factors is that there is no single unambiguous
measure of the importance of a factor in explaining a variable. Thus, for oblique
rotations, the pattern matrix does not provide all the necessary information for
interpreting the factors; the factor structure and the reference structure must also be
examined. In the current analysis, latent constructs were expected to be uncorrelated with
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each other, therefore an orthogonal rotation was preferred.114 Consistent with previous
studies an orthogonal rotation was used with a VARIMAX method.120

Identifying significant loadings
The meaning of the rotated factors are inferred from the variables significantly
loaded on the factors.116 The criterion for what constitutes a significant loading was
specified in the analysis.116 According to Costello, if an item has a factor loading of less
than 0.40 it may either not be related to the other items, or it may suggest an additional
factor that should be further explored.121

Assessment of model fit
Fit indices were examined to determine how well the models fit the data. SAS
PROC factor procedure produces the Chi square goodness-of-fit index and Tucker-Lewis
Index (TLI). Therefore, the models were compared with respect to Chi square goodnessof-fit index and TLI. According to Hu and Bentler, the proposed TLI cut-off for an
acceptable model fit in ML estimation is 0.95 and above.122

Estimating factor scores
A factor is a latent continuum along which data points can be located according to
the varying amount of the construct that they possess.116 Therefore, factor scores were
estimates of the counties’ relative standings on each factor. Factor scores can quantify
individual data points on a latent continuum using a z-score scale which ranges from

48

approximately -3.0 to +3.0.116 SAS uses the maximum a posteriori method (also called
the regression method) to estimate factor scores.123

Score Reliability
Score reliability explores the degree to which scores in a particular sample are
free from random measurement error.106 The coefficient alpha or Cronbach’s alpha was
estimated to evaluate score reliability.106 It measures the internal consistency i.e. the
degree to which measured levels (responses) are consistent across the items within a
measure. The following guidelines were considered for “good” score reliability: 106


Adequate: around 0.70



Very good: around 0.80, and



Excellent: around 0.90.
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3.2.5

Statistical Analysis
The primary purpose of index development was to arrive at a parsimonious

conceptual understanding of correlated county-level variables by determining a common
dimension (latent construct) underlying these variables.124,125 Factor analysis was used to
arrive at the number and nature of latent constructs needed to account for the correlations,
and to capture the commonality among the measured variables. The latent construct is
known as a ‘common factor’. A common factor is an unobservable, hypothetical variable
that contributes to the variance of at least two of the observed variables, and it is
operationally defined in terms of observed variables believed to represent it. The analytic
step was conducted using the SAS PROC Factor procedure with maximum likelihood
parameter estimator.

The factor structures of the previously developed SES indices were first tested at
the county-level using information from all 3,141 US counties (Appendix 3). In addition,
a new county-level SES index was created considering the a priori criteria outlined by
Oakes.8 Twenty-three indicators were selected for the new index based on the conceptual
definitions of SES and empirical evidence from the aforementioned studies emphasizing
the effect of area-level socioeconomic deprivation on cancer outcomes.60,67,68,70,84,98,103

The creation of the new SES and HSSF indices involved the following steps. All
measures were normalized using rank transformations prior to being entered into ML
factor analysis; tied values were assigned an average rank.64 ML factor analysis with
orthogonal rotations was used to simplify and clarify the data structure.121 An orthogonal
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rotation was preferred to an oblique rotation as the factors were expected to be
uncorrelated constructs.114 The models were retained, based on scree plots and Kaiser
criterion (i.e. Eigen value greater than 1.0) (Appendix 5 and 6).126 According to Costello,
if an item has a factor loading of less than 0.40 it may either not be related to the other
items, or it may suggest an additional factor that should be further explored.121 Crossloaded items with values ≥0.40 on two or more factors were removed when other items
had factor loadings of 0.50 or greater.121,127 I re-ran the models each time an item was
deleted.127 Factors which clearly indicated a theoretically and empirically meaningful
clustering of the given indicators were retained. Factors with fewer than 3 items, with
only a few substantial loadings which did not lend itself to any obvious theoretical
interpretation were rejected.126

The final models were chosen based on; 1) percentage of common variance
explained (i.e. the proportion of the total variance accounted for by each factor), 2)
achieving a “simple solution”, 3) interpretability of the factors, and 4) goodness-of-fit
(TLI ≥0.95). Goodness-of-fit indices show how well a model fits data.128 SAS PROC
Factor procedure provides the TLI which can be used to assess goodness-of-fit.
According to Hu and Bentler, the proposed TLI cut-off for an acceptable model fit in ML
estimation is 0.95 and above.122 Internal consistency, i.e. the degree to which responses
are consistent across the items within a measure was tested using Cronbach’s alpha (α).128
In the final step, factor coefficients were used to construct weighted SES and HSS scores
for each county. Scores were estimates of the counties’ relative standings on the factor.
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Comparing the indices based on the criteria provided by Oakes,8 I selected the
new SES index as the most appropriate description of the underlying factor structure for
county-level SES. Information on health care personnel was available only for those
counties with more than 50,000 residents. Therefore the HSSF index was developed only
for 914 counties out of the total of 3,141 counties. For consistency and comparison, an
additional SES index was developed using 2000 U.S. Census information extracted for
the 914 counties. As a result, each county with more than 50,000 residents had an HSSF
score, and two SES scores based on the full sample (3,141 counties) and the subsample of
914 counties.

3.2.6

Predictive Validity and Utility Assessment in PCa Settings

The validity of the measures were evaluated by examining if the measures detected
expected gradients in PCa incidence and stage at diagnosis (i.e. do the measures find
gradients in the direction reported in the literature?).84 The SEER data used to assess the
gradients detected by SES and HSSF measures included older men (aged 65 years and
above), diagnosed with incident prostate cancer in 2000-2004. The individuals were
required to have lived in a SEER covered county that had valid Federal Information and
Processing Standards code information at the time of cancer diagnosis. SEER summary
stage assigns all cases to one of three rank-ordered stage groups—local, regional, and
distant—with later stages representing tumors that are more widely spread than earlier
stages and, thus, having poorer prognoses.129 For PCa, tumors are grouped as
localized/regional (early-stage) and distant (late-stage) per SEER coding protocol.129
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A total of 16 SEER registries provided data between 2000 and 2004 including,
Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland,
Seattle-Puget Sound (Seattle), Utah, Los Angeles (LA), San Jose-Monterey (SJM), Rural
Georgia, Greater California, Kentucky, Louisiana, and New Jersey. Appendix 7 provides
the list of states, the number of counties and the number of incident older PCa cases
recorded by the 16 registries from 2000 to 2004. A total of 467 counties were covered by
the 16 SEER registries, out of which a total of 158 counties had more than 50,000
residents. SEER collected data from all the counties in California, Connecticut, Hawaii,
Iowa, Kentucky, Louisiana, New Jersey, New Mexico, Utah, and 13 counties in
Washington (out of 39), 3 counties in Michigan (out of 83), and 15 counties (out of 159)
in Georgia from 2000 to 2004. The new SES index developed using 2000 US census data
was applicable to all 467 counties. However, since health provider characteristics were
available only for those counties with more than 50,000 residents, the HSSF index was
only applicable to 158 SEER counties. Figure 8 provides a flow diagram illustrating data
available for index development using public use files, and to detect socio-environmental
gradients in PCa incidence and stage at diagnosis using SEER data. Mean estimates of
SES and HSSF scores were calculated for all counties (n=3,141), and county subgroups
including counties with more than 50,000 residents (n=914), counties covered by SEER
(n=467), and SEER counties with more than 50,000 residents (n=158).
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Figure 8: Flow diagram illustrating data available for index development using public use
files, and the assessment of SES and HSSF gradients detected in PCa incidence using
SEER data

Total number of counties in the U.S. in year 2000 (N=3,141)a

SES index for all U.S.
counties
(N=3,141)b

Counties with more
than 50,000
residents in 2000
(N=914)b,d
SES index for counties
with more than 50,000
residents
(N=914)b

Counties with more than
50,000 residents covered
by SEER in 2000-2004
(N=158)b,c

HSSF index for
counties with more
than 50,000 residents
(N=914)d

Counties covered
by SEER in 20002004
(N=467)b,c

Counties with more
than 50,000 residents
covered by SEER in
2000-2004
(N=158)c,d

The maps illustrate the distribution of the HSSF and SES index scores across the U.S. Grey color
represents areas where no information was available due to lack of data. The darker shades represent
economic deprivation (i.e. high SES) or low health care resource scarcity (i.e. high HSSF), while the lighter
shades represent high economic deprivation (i.e. low SES) or high health care resource scarcity.
a. Counties in the U.S. excluding Guam, Puerto Rico and U.S. Virgin Islands in year 2000.
b. Data source: U.S. census, Year 2000.
c. Data source: Surveillance, Epidemiology, and End Results (SEER) database, 2000-2004.
d. Data sources: County Business Patterns, and Census Special Equal Employment Opportunity
(EEO) Tabulation, Year 2000.
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County-level SES and HSSF scores were merged with 2000-2004 SEER data using
patient’s county of residence at the time of cancer diagnosis.64 The cases were assigned
the year 2000 SES and HSSF scores assuming that the socioeconomic and health services
supply rankings of counties would remain stable over a 5-year period (2000-2004). The
158 SEER covered counties with more than 50,000 residents were used to analyze socioenvironmental gradients in PCa incidence and stage at diagnosis. The SES and HSSF
scores were sorted and divided as closely as possible into tertiles and quintiles with equal
populations in each class based on their distribution across SEER county populations.64
In several cases, tertiles and quintiles did not contain exactly the correct proportion of the
population (tertile: 33% and quintile: 20%) because counties or groups of counties with
the same SES or HSSF value straddled the tertile and quintile cut-points. The groups
created ranged from least deprived (high SES) or health care resource scarce (high HSSF)
(first tertile/quintile) to the most disadvantaged (low SES/HSSF) (last tertile/quintile)
counties.

The 5-year PCa incidence rates were calculated for each group by dividing the count
of PCa cases diagnosed in 2000-2004 by the total number of men aged 65 years and
above who resided in the counties during the same period. The PCa incidence rates were
then age-adjusted using the 2000 U.S. standard population. The 5-year age-adjusted PCa
incidence rates (per 100,000) for the SES and HSSF categories were also calculated by
stage at diagnosis. The trends in the gradients detected by SES and HSSF indices were
verified using the nonparametric trend test developed by Cuzick (1985) to detect trends
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across ordered groups.130 Bivariate analysis was conducted to compare the SES and
HSSF scores by stage at diagnosis.

Data screening and descriptive analyses were performed using SAS software,
version 9.2 (SAS Institute, Inc., Cary, NC, USA). SAS JMP software (11.2.0) was used
to create maps and examine the distribution of the SES and HSSF scores across the
counties. This research study was approved by the University of Maryland Baltimore
Institutional Review Board (Approval No.: HCR-HP-00049426-4).

3.3

RESULTS

3.3.1

County-level SES index
The factor structure of the seven indices tested varied with respect to the

combination of SES measures used, factor loadings, common variance explained, and
goodness-of-fit indices (Appendix 3). The factor loadings on ‘percentage of individuals
in the working class’, ‘percentage of white-collar occupations’, ‘percentage of
households with private plumbing’, ‘percentage aged ≥16 years who are unemployed’,
and ‘percentage of houses without a kitchen’ were less than 0.40. All the models
exhibited poor fit as the TLI values of the models ranged below the 0.95 cut-off required
for an acceptable model fit (TLI range: 0.287 to 0.800).122

Twenty-two indicators were selected for the new SES index based on previous
literature.60,67,68,70,84,98,103 The new SES index developed using the 22 candidate indicators
retained three factors after rotation, with the first factor explaining 80% of the common
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variance with a TLI value of 0.79 (Appendix 7). Sixteen of the indicators were clustered
and had considerably larger loadings (≥0.40) on the first factor than on the second or
third factor. Six SES indicators had cross loadings with values ≥0.40 on two factors.
‘Percentage of households with more than one person per room’ only loaded on the third
factor with a factor loading ≥0.40.

SES index development involved an iterative process of excluding cross-loaded
items with values ≥0.40 on two or more factors, rejecting factors with fewer than 3 items,
and retaining factors using multiple criteria including the Kaiser rule and scree plots.126
The following cross-loaded items were excluded, %white-collar occupations, % aged ≥
25 years and ≥ 4 years of college, median house value, median rent, median monthly
mortgage and % home worth.121,127 Factors with fewer than 3 items, with only a few
substantial loadings which did not lend itself to any obvious theoretical interpretation
were rejected (% of households with more than one person per room, and % of
households without private plumbing).126 I re-ran the models each time an item was
deleted.127 Since the education index is a composite measure of the individual indicators
of education, with the exclusion of % aged ≥ 25 years and ≥ 4 years of college due to
cross-loadings, the following two items were also excluded- % less than 9 years of
education and % aged ≥25 years and ≤12th grade of education. In the second round, % of
total household income in the area derived from interest, dividends, and net rent had
cross-loadings with values ≥0.40 on two factors (TLI=0.85). In the third round, income
disparity had cross-loadings with values ≥0.40 on two factors (TLI=0.88). In the fourth
round, indicators with weaker factor loadings were excluded (% home ownership and %
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car ownership).121 Yu et al. stress the importance of accounting for family size when
quantifying income and poverty as indicators of SES.64 Therefore, median family income
and % families below poverty level were retained as income and poverty indicators in the
model.

Accordingly, the final single component model retained, civilian labor force
population aged ≥16 y employed, % families below poverty level, education index
(weighted school years), and median family income (Table 2). The large absolute
coefficients for income and poverty indicators suggest that they were dominant
contributors to the index. The TLI value for the full sample (N=3,141) was 0.98, and 0.96
for the subgroup of counties with more than 50,000 residents (N=914). The reliability
coefficients (α) for the two SES indices were 0.94, indicating high degree of internal
consistency among the indicators comprising the index. Approximately similar TLI
values and reliability coefficients of the two indices indicate high degree of index
reliability for various subsets of the U.S. population.69 The factor loadings of the two SES
indices remained generally similar in magnitude and relative importance suggesting that
each variable contributed approximately equally to the SES index in the full sample and
the subgroup of 914 counties with more than 50,000 residents.
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Table 2: Factor loadings and goodness-of-fit estimates of the newly developed composite
county-level SES and HSSF indices

SES domain

Employed

County-level SES measures

Civilian labor force population aged ≥16 y
employed, % (employment rate)
Families below poverty level, %
Median family income
Education index (weighted school years)b

Poverty
Income
Education
TLI
Chi-square test of model fit
p-value
AIC
BIC
Cronbach’s alpha (Standardized)
HSSF domain

Facilities

Providers

County-level HSSF measures
Physician offices
Medical and Diagnostic Laboratories
General Medical and Surgical Hospitals
Physicians and Surgeons
Physician Assistants
Registered Nurses
Licensed Practical and Licensed Vocational
Nurses
Pharmacists
Clinic Lab Technologists & Technicians
Social Workers
Diagnostic Related Technologists and Technicians

TLI
Chi-square test of model fit
p-value
AIC
BIC
Cronbach’s alpha (Standardized)

Factor Loadings
SES index for
all U.S.
SES index for
counties with
all U.S.
more than
counties
50,000
(N=3,141)
residents
(N=914)
0.733*

0.794*

-0.910*
-0.858*
0.927*
0.983*
0.813*
0.721*
0.98
0.96
60.61
66.09
<0.01
<0.01
50.62
62.09
44.51
52.45
0.94
0.94
HSSF index for all U.S. counties
with more than
50,000 residents
(N=914)
0.930*
0.822*
0.845*
0.970*
0.807*
0.993*
0.927*
0.923*
0.950*
0.943*
0.954*
0.97
493.77
<0.01
405.77
193.79
0.96

a. A weight of 16 was applied to the proportion of persons in the county with a college
education (pc); 12 was applied to the proportion with a high school education (phs) ; and nine
was applied to the proportion with less than a high school education (po). The average years
of schooling in a given county, E =(16*pc) + (12*phs) + (9*po)
*Statistically significant at 5% significant level
N Number of counties, SES Socioeconomic status, HSSF Health services supply factor, TLI
Tucker-Lewis Index, AIC Akaike Information Criterion, BIC Bayesian Information Criterion
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The distribution of SES scores across the 3,141 counties ranged from -1.77 to
1.78, with higher values representing high socioeconomic deprivation (or low SES)
(mean: 0.00, median: 0.00, skewness tests: p-value=0.92) (Table 3). The SES scores of
the 914 counties were positively skewed, with scores ranging from -1.29 to 3.05 (Mean:
0.00, Median: 0.26, Skewness tests: p-value<0.01). Figure 9 illustrates the distribution of
SES scores across all 3,141 US counties (Figure 9a) and the subset of 914 counties
(Figure 9b). The lighter shaded regions represent socioeconomic deprivation. A majority
of the deprived counties were concentrated in the mid and Southeastern regions, whereas
many of the affluent counties were located in the Northeastern and Western regions of the
U.S. There were fewer highly socioeconomically deprived counties among those counties
with more than 50,000 residents (Figure 9b). Consistent with previous findings the
comparison of SES scores between all U.S. counties (i.e. 3,141) and 467 counties covered
by SEER showed that on average SEER counties (SES score mean: ‐0.03, median: ‐0.17)
were more socioeconomically advantaged than the national average (SES score mean:
0.00, median: 0.00) (Table 3).131

Table 3: Summary statistics of SES and HSSF scores by county subgroups
All US counties
(N=3,141)
Index
SES
index
HSSF
index

US counties with more than 50,000 residents
(N=914)

Medi
an

Mean

SD

Min

Max

Median

Mean

SD

Min

Max

0.001

0.000

0.989

(1.774)

1.777

(0.260)

0.000

0.989

(1.293)

3.054

N/A

N/A

N/A

N/A

N/A

0.026

0.000

0.992

(1.839)

1.821
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Table 3: Continued
Index
SES
index
HSSF
index

US counties covered by SEER from 20002004 (N=467)
Median Mean
SD
Min
Max

US counties covered by SEER from 20002004 with more than 50,000 residents (N=158)
Median
Mean
SD
Min
Max

(0.174)

(0.028)

1.091

(1.765)

1.777

(0.475)

(0.012)

1.156

(1.282)

2.877

N/A

N/A

N/A

N/A

N/A

0.304

0.231

1.135

(1.769)

1.808

The SES and HSSF scores of the counties ranged between -2 to +3, with increasing score values
representing increasing socioeconomic deprivation and health care resource scarcity.
N Number of counties, SES Socioeconomic status, HSSF Health services supply factor, N/A Not
available, SEER Surveillance, Epidemiology, and End Results, SD Standard Deviation

3.3.2

A novel county-level health services supply factor (HSSF) index

Approximately 4.3 million clinically active health care providers in eight health care
professions were identified in counties with more than 50,000 residents in 2000
(Appendix 2). Registered nurses and physicians formed the largest groups. A total of
196,198 health care facilities were available in the 914 counties. Majority of the facilities
(85.5%) were physician offices. Health maintenance organization medical centers,
specialty facilities, rural health clinics and, federally qualified health centers were not
available in 53% of the counties. Therefore, these measures were not included in the final
HSSF index.

Based on the Kaiser criterion and a scree plot, one component with a TLI of 0.97
was retained for the HSSF index. The composite measure combined 3 indicators for
‘facilities’ and 8 indicators for ‘providers’. The large absolute coefficients for, physicians
and surgeons, registered nurses, and diagnostic related technologists and technicians,
suggest that they were dominant contributors to the index. Across the 914 counties, the
distribution of the HSSF scores ranged from -1.84 to 1.82, with higher values
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representing high resource scarcity or low HSSF (Table 3) (mean: 0.00, median: 0.03,
skewness tests: p-value=0.88). Figure 9c illustrates the distribution of the HSSF scores
across 914 U.S. counties with more than 50,000 residents. The lighter shade represents
health care resource scarcity (or low HSSF). The distribution of HSSF scores showed that
there were more resource scarce counties in the Western regions compared to the
Northeast. The comparison of HSSF scores between the 914 counties and the 158 SEER
covered counties with more than 50,000 residents showed that SEER counties were more
resource scarce (HSSF score mean: 0.23, median: 0.30) on average compared to all U.S.
counties with more than 50,000 residents (HSSF score mean: 0.00, median: 0.03). The
California SEER registry contributes the highest proportion of counties (33.5%) to the
158 counties covered by SEER (Appendix 4), and as shown in Figure 9c most counties in
California are represented as resource scarce areas compared to the counties in the
Northeast. As a result the distribution of the HSSF scores indicate high resource scarcity
in the 158 SEER covered counties compared to the average across the 914 counties.
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Figure 9: Distribution of the SES and HSSF scores across U.S. counties
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3.3.3

Predictive Validity and Utility Assessment in PCa Settings

A total of 166,653 men aged 65 years and above were diagnosed with PCa in the
SEER regions from 2000 to 2004, of which 8,832 (5.3%) were diagnosed with incident
late-stage PCa, and 157,821 (94.8%) with early-stage PCa. Counties with the highest 5year age-adjusted incidence rates for late-stage PCa diagnosis were located in Iowa,
Louisiana, New Mexico, Utah and California.

Table 4 is based on the number of the PCa cases available for analysis in the 158
SEER covered counties with more than 50,000 residents in 2000-2004. A total of 152,234
men with PCa resided in 158 SEER counties, among whom 5% (7,472) were diagnosed
with late-stage PCa. The new SES index detected gradients in the direction reported in
the literature, i.e. decreasing socioeconomic deprivation (or increasing SES) was
associated with increasing PCa incidence rates.64 Similarly, decreasing socioeconomic
deprivation (or increasing SES) was associated with increasing early-stage (localized/
regional) PCa incidence rates across tertiles and quintiles. Decreasing health care
resource scarcity (or increasing HSSF) was associated with increasing PCa incidence
rates as well as localized/ regional PCa incidence rates. The gradients detected by the
SES and HSSF indices in late-stage (distant) PCa were not statistically significant. The
largest differences were observed between the first and the last categories in quintiles.
The gradients detected by the indices across tertiles and quintiles remained consistent in
terms of the direction and statistical significance.

64

Table 4: Distributions of 5-year age-adjusted prostate cancer incidence ratesa, by SES and
HSSF classes, in 158 SEER covered counties with more than 50,000 residents
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a. The 5-year age-adjusted incidence rate was calculated in three steps using SEER data as
follows, Step 1: calculation of crude rate =(Count of prostate cancer cases in 2000-2004/Total
number of men above 65 years residing in 2000-2004) X 100,000, Step 2: calculation of the
age distribution of the 2000 US standard populations (i.e. weight)= Total number of
individuals above 65 years/total census population and, Step 3: calculation of the ageadjusted incidence rate= crude rate X weight.
b. Lower quintiles and tertiles (i.e. category 1) represent low socioeconomic deprivation or low
resource scarcity, whereas higher quintiles and tertiles (i.e. category 3 or 5) represent high
socioeconomic deprivation or high resource scarcity.
c. Population estimates for counties were obtained from County Intercensal Estimates (20002004): http://www.census.gov/popest/data/intercensal/county/county2010.html
d. % Change in incidence rates = ((Last category-First category)/Last category) X 100
Early-stage localized/regional prostate cancer, Late-stage distant prostate cancer, SEER
Surveillance, Epidemiology, and End Results, n Total number of prostate cancer cases diagnosed
SEER covered counties with more than 50,000 residents in 2000-2004

Comparison of SES scores in Table 5 shows that the average SES score (Mean:0.445) of counties where patients lived when they were diagnosed with early-stage PCa
was statistically significantly lower than the average SES scores (Mean:-0.392) of
counties where patients lived when they were diagnosed with late-stage PCa (pvalue<0.01). This indicates that patients diagnosed with incident late-stage PCa resided in
more socioeconomically deprived areas compared to patients diagnosed with incident
early-stage PCa. The comparison of mean HSSF scores show that patients diagnosed with
incident late-stage PCa (Mean: 0.184) generally lived in more health care resource scarce
areas compared to where those diagnosed with early-stage PCa lived (Mean: 0.151)
(p<0.01).
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Table 5: SES and HSSF scores by stage at prostate cancer diagnosis, among older men
living in SEER covered counties in 2000-2004

Early-stage
Late-stage
p-value

Early-stage
Late-stage
p-value

Early-stage
Late-stage
p-value

n
157,821
8,832

n
134,765
7,472

n
134,765
7,472

SES index
Analysis counties (N=467a)
Mean
SE
95% CI
-0.908
0.003
-0.914
-0.902
-0.832
0.013
-0.858
-0.807
<0.01
SES index
Analysis counties (N=158b)
Mean
SE
95% CI
-0.445
0.003
-0.451
-0.439
-0.392
0.014
-0.419
-0.364
<0.01
HSSF index
Analysis counties (N=158b)
Mean
SE
95% CI
0.151
0.004
0.143
0.159
0.184
0.019
0.147
0.221
<0.05

The SES and HSSF scores of the counties range between -2 to +3, with increasing score values
representing increasing socioeconomic deprivation and health care resource scarcity.
a. Patients diagnosed in counties covered by SEER in 2000-2004.
b. Patients diagnosed in counties with more than 50,000 residents covered by SEER in 20002004.
c. Calculated using Student’s t-test.
N Number of counties, n Number of patients, SES Socioeconomic status, HSSF Health services
supply factor, Early-stage localized/regional prostate cancer, Late-stage distant prostate cancer

3.4

DISCUSSION
This analysis illustrates the role of county-level SES and HSSF characteristics in the

mutually reinforcing and reciprocal relationship between individuals and where they live.
The prominence and persistence of the SES and HSSF gradients detected by the countylevel indices illustrate the influence of cumulative opportunities and challenges existing
within counties on those who experience them. Thus, these measures have the potential to
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provide useful tools for identifying areas where resources could be allocated to reduce
disparities in the PCa burden in the U.S.

I revisited the measurement of county-level characteristics considering a richer,
psychometrically induced approach. Drawing on a priori criteria outlined by Oakes et
al.,8 the indices developed, 1) were constructed from valid, reliable and easily accessible
data, 2) were responsive for analysis at the county-level, 3) had sound psychometric
properties; and most importantly 4) employed terms/concepts that policy-makers
understand.

Previous indices capturing area-level characteristics have been developed using both
factor analysis (FA) and principal component analysis (PCA). PCA and FA methods may
produce similar results, however there are clear conceptual and statistical distinctions
between the two approaches.124 FA was preferred over PCA in this study, as the goal of
the analysis was to arrive at a parsimonious representation of the associations among the
measured SES and health services supply characteristics by identifying latent constructs
underlying these variables.124 PCA is more suitable for data reduction purposes.121,124 It
must also be noted that when the factors are uncorrelated and factor loadings are
moderate, PCA can produce inflated values of variance accounted for by the
components.121

SES indices have been developed both nationally and internationally to measure
area-level socioeconomic characteristics. A few examples of several internationally well-
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established, theoretically conceived area-based deprivation measures include, the New
Zealand Index of Relative Deprivation 132, Townsend index 133 of the United Kingdom,
and Carstairs deprivation index.134 For the purpose of the current study, I only considered
SES indices developed in the U.S. that have demonstrated associations with cancer
incidence and/or mortality outcomes. Limited availability of information on psychometric
and distributional properties of previously developed indices limited my ability to select
an existing index to detect socioeconomic gradients at the county-level.60,67,68,70,84,98,103
Therefore, the corresponding SES measures from the year 2000 U.S. Census county-level
data were extracted, and the factor structures of the previously developed indices were
first tested. The poor fit shown by the existing indices at the county-level (Appendix 3)
may have resulted from variation in sample size and systematic differences between SES
measures extracted at different geographic levels (i.e. county, census tract, and block).
Although there is no consensus definition of SES, the new SES index captures the main
concepts of SES including employment, poverty, income and education. Housing,
ownership and living crowdedness domains did not converge on to the same component
during the modeling process. As highlighted by Yu et al.64, housing, ownership and living
crowdedness domains tend to have different interpretations across rural and urban areas.
For example, people in rural areas are more likely to own a house, own a car, and live in
less crowded conditions.64 Therefore, exclusion of these measures and including only
those measures that have the same relative meaning across geographic regions allowed
the new index to have generalizable and relatively simpler interpretations across the U.S.
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Many OECD (Organization for Economic Co-operation and Development)
countries use assigned or self-selected geographic patient communities to create rational
service areas that are used for monitoring and adjusting health care resource
allocation.125,135,136 U.S. federal health agencies use Health Professional Shortage Areas
(HPSA) and Medically Underserved Areas (MUA) to assign resources to underserved
communities. The HPSA designation criteria are based on physician to population ratios,
with some adjustment for area of high needs as measured by poverty, infant mortality, or
fertility; the MUA designation uses a composite index that includes physician to
population ratios, poverty, infant mortality, and elderly population.137 Both HPSA and
MUA measures are over 30 years old and do not explicitly capture barriers to cancer
prevention, screening, and early-detection. In addition, HPSA and MUA measures do not
capture the availability of non-physician health care providers who have expanded roles
and responsibilities in fostering prevention and better cancer outcomes.

Several studies have explored the impact of individual HSSF characteristics on
cancer incidence. For example, high physician density is associated with lower incidence
of cervical cancer, 105 early detection of malignant melanoma and breast cancer,61,80 and
lower incidence of late-stage colorectal cancer and PCa.81,82 Major et al. explored the
relationship between the density of hospitals in neighborhoods and the risk of PCa.82
However, relatively few studies have explored the impact of the availability of nonphysician health care providers on cancer outcomes. The HSSF index created in the
current study provides a unique composite measure to detect county-level HSSF
gradients in PCa incidence and stage at diagnosis.
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Overall, the new county-level SES index detected gradients in the directions reported
in the literature, where increasing county-level SES was associated with increasing PCa
incidence rates.60,64,84,113 Increasing availability of health care resources within counties
was associated with increasing PCa incidence rates. The gradients detected in large
counties by the SES and HSSF indices highlight the following findings: First, the countylevel SES index detected gradients in overall PCa incidence rates that are similar to those
observed with previously developed composite measures (i.e. high SES was associated
with higher PCa incidence rates).64 High PCa incidence rates in high SES counties were
driven by high early-stage PCa incidence rates in counties. Second, low health care
resource scarcity or high HSSF was associated with higher PCa incidence rates.
Similarly, high PCa incidence rates in high HSSF counties were driven by high earlystage PCa incidence rates in counties. Third, SES/HSSF categories based on tertiles and
quintiles detected approximately similar gradients in incidence rates. This study shows
that counties with greater access to health care resources or high SES are more likely to
contribute to early diagnosis and higher PCa incidence rates. These patterns may be
explained by the unequal distribution of socioeconomic resources in the society that can
cause differential knowledge diffusion regarding prevention, and contextual health care
resource-related factors that can influence people’s health seeking behavior such as
screening. The high PCa rates in high SES and high HSSF counties were driven by high
rates of early-stage diagnoses. Thus, greater awareness about prevention and higher
screening rates in high SES and HSSF counties may have led to earlier diagnosis of
PCa.64 The distribution of the SES and HSSF scores among older men living in larger
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SEER-covered counties further highlights that men diagnosed with late-stage PCa are
more likely to live in low SES and HSSF counties compared to men diagnosed with
early-stage PCa.

This study has limitations that deserve mention, including several involving study
scope. First, I relied on the U.S. Census EEO database to obtain historical information on
health care professionals in the year 2000, which provided information only for counties
with more than 50,000 residents due to privacy concerns. As a result, the HSSF index
was developed using information from 914 counties, potentially limiting its
generalizability to smaller counties with less than 50,000 residents, and its utility for
national workforce planning. Second, I did not account for travel across county
boundaries. Even though it is possible, patients who are diagnosed in counties with more
than 50,000 residents may be less likely to seek care outside of the larger counties. Third,
three different data sets were combined to obtain information pertaining to health facility
and provider-level characteristics in the counties, each of which may have different
sources of random error and systematic bias.

In this study area-level variations in PCa incidence and stage at diagnosis were
examined as functions of ecological variables as contextual measures carry distinct
advantages in capturing contextually-driven aspects of cancer risk and protection.
However, it is important to note that county-level information may not accurately
represent individual characteristics of a patient, and equating differentials observed at the
county-level to individual-levels may lead to ecologic bias.69 Therefore, caution should
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be exercised when comparing the effects of area characteristics on PCa incidence and
stage at diagnosis with the effects of individual-level characteristics.

3.5

ADDITIONAL ANALYSIS
The SES and HSSF indices were re-created using 2010 county-level

characteristics to examine the reproducibility of the composite measures using 2010 data.
Utility of the 2010 indices were examined using the 3-year cancer incidence rates
calculated from the 2010-2012 SEER files (most recent data available from SEER). In
addition, the SES and HSSF gradients detected by the indices were examined in breast
and lung cancer incidence and stage at diagnosis (Appendix 8). The gradients detected in
PCa by the 2010 indices were similar to the gradients detected by the 2000 indices
described above in terms of statistical significance and direction. Consistent with
previous findings, increasing county-level SES was associated with increasing prostate
and breast cancer, and decreasing lung and bronchus cancer incidence rates.60,64,84,113
Increasing availability of health care resources within counties was associated with
increasing prostate and breast cancer, and decreasing lung and bronchus cancer incidence
rates.
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4. Contextual Analysis of the Effect of Pre-diagnosis Annual
Prostate-Specific Antigen Testing on Incident Stage at
Prostate Cancer Diagnosis among Elderly Men
4.1

INTRODUCTION
In May 2012, the USPSTF recommended against PSA-based PCa screening

among all healthy men in the general U.S. population, fueling the PCa screening debate
in the U.S.25 The evidence assessed by USPSTF raises salient issues relating to the
generalizability of the screening trials to the older Medicare population in the U.S. Since
2000, Medicare has paid for annual PSA testing without an upper age limit or eligibility
requirement. However, under the Affordable Care Act insurers are now required to cover
only USPSTF recommended services.38

Metastatic PCa has poor prognosis, and death from PCa is almost always caused
by distant metastases.19,20 In the U.S., the clinical burden of advanced (distant) PCa is
disproportionately higher among older men, where 58% diagnosed with distant PCa, and
89.5% who die of PCa are men aged 65 years or older.16,138 The primary goals of PCa
screening are to reduce the development of symptomatic metastatic disease and death due
to PCa.24,139-141 Inadequate screening and access barriers to screening may lead to higher
incidence of advanced stage PCa diagnosis.

During the past two decades, concerns have been raised by studies indicating the
influence of socio-environmental characteristics on the use of preventive screening
services by elderly enrolled in Medicare.23,91,92,142 Health care environments in the U.S.
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are heterogeneous, with substantial variation in locally-defined socioeconomic and health
services supply characteristics across states and counties.11,59-62 Previous studies have
reported significant geographic variability in the use of many cancer preventive
services23,92,143,144 and PCa outcomes4,7,9 in the U.S. However, few studies have focused
on evaluating the impact of PSA based screening on stage at PCa diagnosis among
elderly Medicare beneficiaries, considering the effect of contextual characteristics of
where people live and make health care decisions. Analyses of individual and contextual
risk factors related to advance PCa diagnosis, may provide useful information to develop
patient and location-centered strategies to reduce PCa disparities among older men.

In this retrospective cohort study, I examined geographic variation in the effect of
pre-diagnosis annual PSA testing on stage at PCa diagnosis, as well as the individual and
county-level characteristics underlying such variation among Medicare-eligible older
men. It was hypothesized that the effect of pre-diagnosis annual PSA testing varied based
on the county of residence at the time of diagnosis. It was also hypothesized that older
Medicare beneficiaries who received frequent pre-diagnosis annual PSA testing, and
lived in counties with ecological markers of high health services supply and
socioeconomic status were less likely receive an incident late-stage PCa diagnosis.
Further, it was hypothesized that the effect of systematic pre-diagnosis annual PSA
testing was modified by SES and HSSF characteristics of the counties.
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4.2

METHODS

4.2.1 Data source
Data for the study were obtained from the National Cancer Institute’s Surveillance,
Epidemiology and End Results (SEER) database and the linked Medicare enrollment and
claims files.111 SEER is a national cancer surveillance network of 18 regional cancer
registries covering about 28% of the US population. The SEER program collects data on
patient demographic characteristics, primary tumor site, tumor morphology, stage at
diagnosis, and first course of treatment on all diagnosed cancers within its region.
Medicare enrolment and claims files are linked to SEER data at the patient-level to record
healthcare utilization by Medicare beneficiaries before their cancer diagnoses. The study
was developed using claims data from 2000 through 2007 for men diagnosed with PCa
between 2004 and 2007.

Counties are considered legislative areas with 100,000 persons on average.17,18 In
the U.S., counties provide a socioeconomic, political, and community context within
which many social and public health policies are formulated and implemented.69,86,87
County-level indicators of socioeconomic characteristics were extracted from the year
2000 U.S. Census.107 The 2000 CBP data was used to obtain data on health care facilities
and services available in counties.108 Information regarding the availability of physician
and non-physician health care providers available within the counties were obtained from
the year 2000 U.S. Census EEO Tabulation.110

76

4.2.2

Study Population
The study sample included men aged 65 years and above diagnosed with incident

PCa between 2004 and 2007, with continuous fee-for-service Medicare coverage (i.e.
with both Parts A and B coverage) in the 60 months prior to PCa diagnosis. The men
were aged 70 years or above at the time of PCa diagnosis. Men enrolled in Medicare
advantage plans or health maintenance organizations during this 60-month period were
excluded due to incomplete Medicare claims data on these patients. Men with missing
data for clinical stage at diagnosis and those with unknown stage at diagnosis were also
excluded.

4.2.3 Study Design
A retrospective cohort study design was employed to explore geographic variation
and the effect of individual and county-level characteristics on stage at PCa diagnosis
among elderly Medicare beneficiaries.

Individual-level characteristics
The outcome of interest was stage at PCa diagnosis. SEER historic staging
categories were used to identify stage at diagnosis. For PCa, tumors are grouped as
localized/regional (early-stage) and distant (late-stage) per SEER coding protocol.129
SEER data were also used to obtain baseline individual-level information on age, year of
diagnosis, marital status, SEER region, urban/rural location, and race/ethnicity. PSA tests
administered before PCa diagnosis were identified using Health care Common Procedure
Coding System (HCPCS) codes 84153, 84154, and G0103 in Medicare claims. Pre-
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diagnosis annual PSA testing was defined as those who received 4-5 (systematic), 2-3, or
0-1 PSA tests annually over a period of 5 years before PCa diagnosis. ‘No PSA testing’
and ‘PSA testing once a year’ were grouped together because PSA screening cannot be
distinguished from diagnostic PSA testing in Medicare claims, where men may have
received a PSA test due to symptoms.52 Multiple PSA tests during a single year were
counted as a single test.45,52 Use of other covered preventive and cancer screening
services could correlate with healthy behavior as well as opportunities to discuss signs
and symptoms of illness with health care providers, subsequently lowering probability of
advanced cancer at the time a beneficiary is first diagnosed with cancer.91 Therefore, use
of colon cancer screening (HCPCS: 82270, 82272, 82274, 82270, G0328, and G0107) at
least once and receipt of influenza vaccination (HCPCS: 90732, 90724, 90658, 90659,
90669, and G0008) annually, 5 years before PCa diagnosis were also identified using
Medicare claims data.145 The ICD-9 diagnostic codes associated with health services
utilization during the 12-month period prior to PCa diagnosis (baseline) were used to
calculate a baseline Charlson comorbidity index (CCI) score for each patient. The
following baseline performance status proxies that are distinct from comorbidity
measures were identified from Medicare claims: use of walking aid, wheelchair, oxygen
and related supplies, hospitalizations, and admissions to skilled nursing facilities. State
buy-in coverage of Medicare beneficiaries for whom states pay the Part B premium was
also measured. Beneficiaries with state buy-in coverage are likely to have higher resource
use and worse utilization-based outcomes because they tend to be in poorer health.146
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County-level characteristics
The county-level SES and HSSF indices developed in Aim 1 were used to capture
county-level characteristics. The final composite measure of county-level SES consisted
of employment rate, percentage of families below poverty level, median family income
and the level of education measured by an education index.147 The county-level HSSF
measure captured the availability of physician offices, diagnostic laboratories, general
medical and surgical hospitals and health care professionals including physicians, nurses,
pharmacists, laboratory technicians and social workers in counties.147 (Measures, factor
loadings and fit statistics are provided in Appendix 9) The SES and HSSF factor
coefficients were used to construct weighted SES and HSSF scores for each county. SES
and HSSF county scores were merged with patient-level SEER data based on where
individuals lived at the time of PCa diagnosis using Federal Information and Processing
Standards code information. Factor scores were sorted and divided as closely as possible
into quintiles based on the distribution of SEER county populations.

4.2.4

Statistical Analysis
Descriptive statistics were constructed to examine the distribution of characteristics

among elderly Medicare beneficiaries diagnosed with incident PCa. Chi-square tests were
used for bivariate comparisons of patient and county characteristics by stage at diagnosis.
Geographic variation in the incidence of distant PCa was assessed using, 1) random
intercept/slope models, 2) variance partition coefficients, and 3) a caterpillar plot of
predicted proportions of distant PCa diagnoses across counties.
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Cluster-specific logistic regression models were used to examine the effects of
annual PSA testing intensity on PCa stage at diagnosis considering county-level random
effects. To account for possible county-level heterogeneity, the intercept of each county
was allowed to vary, using a random intercepts model. Random slopes for the intensity of
annual PSA testing (4 or more and 2-3 times) were introduced to the models to examine
the variation of the effect of annual PSA testing across the counties. Likelihood ratio test
statistic was calculated as two times the difference in the log likelihood values between
the model with and without the random slopes to test whether the effect of annual PSA
testing varied across counties. Variance partition coefficients were calculated using a null
model to measure the variance in stage at PCa diagnosis that was attributable to countylevel effects (using Equation 3). The partially-adjusted model consisted of patient-level
characteristics including annual PSA testing, demographic, clinical characteristics, and
other preventive health behavior. Urban/rural location, SES and HSSF measures were
added to the model to examine the role of county-level characteristics in explaining the
variation in stage at PCa diagnosis. The proportional change in variance attributable to
the added predictors were calculated to quantify the amount of variance ‘explained’ by
addition of county-level predictors to the model.

Cross-level interactions between county-level SES/HSSF characteristics and
systematic pre-diagnosis annual PSA testing were added to the model to examine if the
effect of PSA testing was modified by county-level characteristics. The fully adjusted
model was used to estimate predicted proportions of distant PCa diagnoses in the SEER
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covered counties based on included covariates. A caterpillar plot was created with rank
ordered predicted proportions of distant PCa diagnoses and 95% confidence intervals.

Analyses were performed using SAS software, version 9.2 (SAS Institute, Inc.,
Cary, NC) and STATA software, version 10.0 (StataCorp LP, College Station, TX).

4.3

RESULTS

4.3.1 County-level SES and HSSF characteristics
The distribution of SES and HSSF scores across the counties was examined using
a scatter plot (Appendix 10). The relationship between SES and HSSF scores
demonstrate a ‘U’ shaped curve. The shape indicates that decreasing SES is associated
with increasing HSSF in some counties, while in other counties decreasing SES is
associated with decreasing HSSF. Spearman’s rank correlation coefficient between SES
and HSSF categorical measures was 0.36, indicating a low positive correlation between
the SES and HSSF.

4.3.1

Descriptive and Bivariable Analysis
Application of the inclusion criteria resulted in 43,890 older Medicare

beneficiaries diagnosed with PCa from 2004 to 2007. Due to privacy concerns the EEO
tabulation provides information only on those counties with more than 50,000 residents.
Thus, after combining the county-level composite HSSF and SES measures with the
SEER-Medicare dataset, the final study sample consisted of 37,760 Medicare
beneficiaries in 158 counties in SEER-covered regions.
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Approximately 6% of the beneficiaries were diagnosed with incident distant PCa.
As shown in Table 6, 45% of the beneficiaries received systematic pre-diagnosis annual
PSA testing (four or more times), and 24% received once or no PSA tests over a period of
5 years before PCa diagnosis. The median age of the sample was 76.5 years (SD ±5.3)
years and a majority (79%) reported their race/ethnicity as White non-Hispanic.
Bivariable analysis shows that a higher proportion of men received systematic (four or
more) annual PSA tests (97%) prior to localized/regional PCa diagnosis, while a higher
proportion of men received one or no PSA tests (14%) prior to distant PCa diagnosis
(p<0.01). African American race, older age (80 years or older), higher CCI, poor
performance status proxies, and no colon cancer screening and receipt of 0-1 influenza
shots 5 years prior to PCa diagnosis were statistically significantly associated with a
higher likelihood of late-stage PCa diagnosis. Rural location, low SES and low HSSF
characteristics were also associated with a higher likelihood of distant PCa diagnosis.
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Table 6: Sample characteristics of Medicare-eligible older men diagnosed with incident
PCa in 158 SEER covered counties, stratified by stage at diagnosis, 2004-2007

Variable

Full sample
(Na= 37,760)
N

Individual-level characteristics
Annual PSA testing 5 years before diagnosis
16,926
4 or more times (systematic)
2 or 3 times
11,672
0 or 1 times
9,162
Demographics
Race
White non-Hispanic
29,202
African American
3,295
d
Other
5,263
Age at diagnosis
70-74
17,051
75-79
11,272
80-84
6,568
85+
2,869
Married
24,335
State Buy-in (at least one
3,325
month)
Clinical Characteristics (Baseline)
Charlson comorbidity index e
Zero
23,154
One
8,308
Two or higher
5,263
Missing
1,035
Performance status proxies e
Walking aids
761
Wheelchair
710
Oxygen and related supplies
1,602
Skilled nursing facility use
802
Hospital use
6,000
Preventive Health Behavior f
Colon cancer screening
No screening over 5 years
31,677
1 or more times over 5 years
6,083
Annual influenza shots
0- 1 time
9,338
2- 3 times
9,701
4 or more times
18,721
Year g
2004
9,479
2005
8,946

%

Localized/
Regional
(Na= 35,451)
Row c %

Distant
(Na= 2,309)

pvalueb

Row c %
<0.01

44.83
30.91
24.26

97.44
94.58
86.43

2.56
5.42
13.57

77.34
8.73
13.94

93.95
91.87
94.81

6.05
8.13
5.19

45.16
29.85
17.39
7.60
64.45
8.81

96.70
94.70
90.47
81.77
94.57
90.71

3.30
5.30
9.53
18.23
5.43
9.29

61.32
22.00
13.94
2.74

94.66
94.33
92.04
82.42

5.34
5.67
7.96
17.58

2.02
1.88
5.01
2.12
15.89

87.65
85.35
90.95
85.16
90.60

12.35
14.65
9.05
14.84
9.40

83.89
16.11

93.31
96.86

6.69
3.14

24.73
25.69
49.58

92.68
94.67
94.08

7.32
5.33
5.92

25.10
23.69

93.70
93.35

6.30
6.65

<0.01

<0.01

<0.01
<0.01
<0.01

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

<0.01
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Variable

Full sample
(Na= 37,760)
N
9,561
9,774
7,861
1,944

%
25.32
25.88
20.82
30.81

Localized/
Regional
(Na= 35,451)
Row c %
93.83
94.61
77.97
41.87

Distant
(Na= 2,309)
Row c %
6.17
5.39
22.03
58.13

pvalueb

2006
2007
All Cause Death
<0.01
Prostate Cancer Death
<0.01
County-level characteristics
<0.01
Big Metro/ Urban/Rural
location
Big metro
35,521 94.07
93.99
6.00
Urban
2,152
5.70
92.42
7.62
Rural
87
0.23
85.57
14.86
0.04
Socio-economic status
Low
6,968 18.45
93.67
6.33
2
7,365 19.50
93.93
6.07
3
7,155 18.95
93.64
6.36
4
7,024 18.60
93.47
6.53
High
9,248 24.49
94.52
5.48
<0.01
Health services supply
Low
5,637 14.93
93.37
6.63
2
6,917 18.32
93.25
6.75
3
6,285 16.64
93.87
6.13
4
9,665 25.60
94.64
5.36
High
9,256 24.51
93.90
6.10
a. N represents the number of patients.
b. The p-values were calculated using chi-squared tests.
c. Row. %: Row percentage is calculated as the ratio of the frequency count for a single cell to
the total frequency count for the row that contains the cell. The ratio is represented as a
percentage.
d. Other includes Asian, Hispanic, American Indian/Alaska Native, and Unknown.
e. During the 12-month period prior to prostate cancer diagnosis.
f. Other preventive health behavior assessed over a period of five years prior to prostate cancer
diagnosis.
g. Year of prostate cancer diagnosis.
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4.3.2

Multivariate Analysis
According to the null model, between-county variance was 0.098 (95% CI: 0.061-

0.157) indicating that 3% of the variation in distant PCa diagnosis across counties was
attributable to county-effects (calculated using Equation 3). Multivariate analyses showed
that systematic pre-diagnosis annual PSA testing was associated with a statistically
significant lower likelihood of distant PCa diagnosis compared to receiving 0 or 1 PSA
test 5 years prior to PCa diagnosis (Table 7). Other preventive health behavior measured
by receipt of colon cancer screening was also negatively associated with distant PCa
diagnosis. Older age, higher comorbidity and African American race were consistently
associated with an increased likelihood of distant PCa diagnosis. Men living in rural
counties were more likely to be diagnosed with distant PCa compared to men living in
urban or big metro counties. While decreasing SES was associated with a lower
likelihood of a distant PCa diagnosis, decreasing HSSF was associated with an increased
likelihood of a distant PCa diagnosis. After adjusting for patient and county-level
characteristics, the variation in distant PCa diagnosis that was attributable to countyeffects reduced to 2% (from 2.5%); rural location (8%) and SES and HSSF characteristics
(13%) of the counties explained 21% of the variation in distant PCa diagnosis. Random
slopes for annual PSA testing were not statistically significant, indicating that the effects
of pre-diagnosis annual PSA testing did not statistically significantly vary across counties
(p-value=0.21). Cross-level interactions between systematic pre-diagnosis annual PSA
testing and county-level SES/HSSF characteristics were not statistically significant
(Appendix 11). Figure 10 illustrates the variation in the predicted proportions of distant
PCa diagnoses after adjusting for individual and county-level characteristics; the
predicted proportions of distant PCa diagnosis ranged from 3.5% to 15.1% (Mean: 6.1%,
85

SD: 6.7%) across the 158 SEER covered counties. Distribution of SES and HSSF scores
and predicted proportion of men diagnosed with distant PCa across the 158 SEERcovered counties are shown in Figure 11.
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Table 7: Multilevel logistic regression model results for incident distant prostate cancer
diagnosis controlling for individual and county-level characteristics
Variables

Individual-level
Annual PSA testing 5 years before diagnosis
4 or more times (systematic)
2 or 3 times
0 or 1 times
Race
White non-Hispanic
African American
Other a
Age at diagnosis
70-74
75-79
80-84
85+
State Buy-in (at least one month)
Charlson comorbidity index b
Zero
One
Two or higher
Missing
Colon cancer screening c
No screening over 5 years
1 or more times over 5 years
Annual influenza shots c
0- 1 time
2- 3 times
4 or more times
County-level
Urban/Rural location
Big metro/Urban
Rural
Socio-economic status
High
2
3
4
Low

Demographic
& Clinical adjusted
OR (95% CI)

Fully adjusted
OR (95% CI)

0.20 (0.18, 0.22)*
0.41 (0.37, 0.46)*
Reference

0.20 (0.17, 0.22)*
0.41 (0.37, 0.46)*
Reference

Reference
1.20 (1.03, 1.40)**
0.65 (0.56, 0.76)*

Reference
1.23 (1.06, 1.44)*
0.65 (0.56, 0.75)*

Reference
1.77 (1.57, 2.00)*
3.26 (2.89, 3.69)*
6.09 (5.33, 6.95)*
1.51 (1.31, 1.75)*

Reference
1.77 (1.57, 2.00)*
3.26 (2.88, 3.68)*
6.10 (5.34, 6.97)*
1.50 (1.30, 1.74)*

Reference
1.05 (0.94, 1.18)
1.25 (1.11, 1.41)*
1.76 (1.46, 2.12)*

Reference
1.05 (0.94, 1.18)
1.25 (1.11, 1.42)*
1.75 (1.45, 2.11)*

Reference
0.72 (0.61, 0.84)*

Reference
0.72 (0.61, 0.84)*

Reference
0.96 (0.86, 1.07)
0.92 (0.81, 1.04)

Reference
0.96 (0.86, 1.07)
0.92 (0.81, 1.04)

Reference
3.26 (1.54, 6.91)*
Reference
1.05 (0.85, 1.30)
0.99 (0.81, 1.22)
0.94 (0.75, 1.78)
0.76 (0.69, 0.98)**
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Demographic
& Clinical adjusted
OR (95% CI)

Variables

Fully adjusted
OR (95% CI)

Health services supply
Reference
High
0.95 (0.79, 1.16)
2
1.08 (0.88, 1.33)
3
1.15 (0.94, 1.41)
4
1.44
(1.08, 1.92)**
Low
Number of counties
158
158
Variance partition coefficients
2.50%
1.97%
Variance of random intercept
0.084 (0.049, 0.144)
0.066 (0.036, 0.124)
Likelihood ratio
-7607.59
-7602.06
a. Other includes Asian, Hispanic, American Indian/Alaska Native, and Unknown.
b. During the 12-month period prior to prostate cancer diagnosis.
c. Other preventive health behavior assessed over a period of five years prior to prostate cancer
diagnosis.
* P-value <0.01 ** P-value<0.05

Figure 10: Caterpillar plot illustrating county-level variation in the predicted proportion
of distant (advanced) PCa diagnoses among Medicare-eligible older men shown in rank
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This figure displays the predicted proportions of distant PCa diagnosis across 158
counties with at least 14 prostate cancer patients. The model was adjusted for individual
demographic, clinical characteristics and other preventive health behavior, rural location
and county-level socioeconomic and health services supply characteristics. The x-axis
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shows the 158 counties ordered from smallest proportion to largest proportion of distant
prostate cancer cases. Average percentage across all counties was 6% (shown by the
horizontal line).
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Figure 11: Distribution of the predicted proportions of distant PCa diagnoses among
Medicare-eligible older men across 158 SEER-covered counties
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4.4

DISCUSSION
The current study findings suggest that greater intensity of annual PSA testing is

associated with a lower probability of advanced PCa diagnosis at the time an older
Medicare beneficiary is first diagnosed with cancer. Given the higher incidence of
advanced PCa diagnosis among older men compared to younger patients, these findings
highlight the importance of screening methods that will detect clinically significant
cancers before metastases.90,148

The findings of this study are supported by other studies conducted using SEERMedicare data. Hu and colleagues observed that greater frequency of PSA testing was
associated with a lower likelihood of advanced PCa diagnosis among older men.90
According to Shao et al. increasing numbers of PSA tests before cancer diagnosis were
associated with lower PSA levels, lower biopsy Gleason scores, lower clinical stages and
lower risk disease at diagnosis (p<0.001).52 However, these studies have paid limited
attention to assessing the effect of frequent PSA testing on stage at diagnosis while
examining the ‘contexts’ within which people make health care decisions. Several studies
have reported separately the protective effects of increasing county-level resources with
respect to socioeconomic characteristics, density of hospitals, and urologists on the
incidence of advanced PCa.9,73,82 However, these studies have paid limited attention to
quantifying the impact of individual preventive health behavior such as PSA based
screening patterns on stage at diagnosis.

91

Each county in the US represents a unique healthcare environment governed by
local and regional politics, social systems, and baseline conditions. Within each county
there are health services and socioeconomic factors that interact with individual
characteristics to determine use of preventive and cancer screening services and
subsequent health outcomes. While the results confirm that county-level influences are
important contributors to the PCa burden among older men, the possible explanatory
pathways for these effects are complex. The protective effect of HSSF may manifest
itself as greater access to health care and screening, the quality of care received, and the
timeliness or thoroughness of workup and diagnosis. As shown in Appendix 10 and
Figure 11, counties with low SES characteristics may also have high HSSF
characteristics as health care establishments tend to be concentrated in low SES
neighborhoods.149 Therefore, the lower likelihood of distant PCa diagnoses in low SES
counties might be explained by the overriding protective effect of access to health care
resources in these low SES counties. The additional benefit from county-level resources
suggests that regardless of health motivation (measured by preventive health behavior,
e.g., the intensity of annual PSA testing) held by individuals, the availability of health
care services within counties can influence stage at PCa diagnosis in the U.S.

The USPSTF recommends against PSA based PCa screening in the general US
population, however the variation in the risk of advanced PCa diagnosis across the
counties highlights differences in health care needs across the U.S. Patients living in high
HSSF areas may benefit more from the provision of information on the nature and
magnitude of the trade-off involved with early cancer detection, while in low HSSF
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equitable access to health care workforce, facilities and screening services is necessary to
reduce the burden of advanced diagnoses. Further research is warranted to inform how
resource allocation or tailored interventions and policies may ultimately reduce
geographic variation in distant PCa diagnosis among older men.

Although these findings are policy relevant, they must be interpreted in the
context of the study design. First, this study included only men aged 65 years or older,
living in large SEER covered counties (50,000 or more residents) enrolled in fee-forservice Medicare. Thus, study findings may not generalize to older men enrolled in health
maintenance organizations and Medicare Advantage plans or those who received health
care in smaller and non-SEER areas in the U.S. Other limitations of this study are related
to the use of claims data. Information on family history of PCa and other risk factors such
as smoking are not available in Medicare claims data.150 Hence, these measures were not
included as potential confounders. Receipt of PSA screening from diagnostic PSA testing
cannot be distinguished using Medicare claims. Diagnostic PSA testing occurs when men
receive PSA testing due to symptoms of the disease. Therefore, PSA testing patterns were
examined over a period of 5 years before PCa diagnosis and receipt of one PSA test
during the 5 years was combined with no testing. Patient’s county at the time of diagnosis
was assumed to be the county of residence at Medicare enrollment, which is consistent
with previous studies that have shown that the vast majority of Americans (approximately
95%) do not change residences after age 55.151,152
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In conclusion, differences in stage at PCa diagnosis among older Medicare
beneficiaries were associated with demographic and clinical characteristics, preventive
health behavior and contextual characteristics of the counties. Moreover, after adjusting
for patient-level and county-level characteristics, there was significant geographic
variation in the risk of distant PCa diagnosis across 158 SEER covered counties. Counties
with significantly high or low predicted rates provide interesting geographic areas for
further research.
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5. Contextual Analysis of the Effect of Pre-diagnosis ProstateSpecific Antigen Testing on Treatment Receipt among
Elderly Men Diagnosed with Early-stage Prostate Cancer
5.1 INTRODUCTION
Early stages of PCa is often asymptomatic, and diagnosis is based on abnormal PSA
levels followed by a transrectal ultrasound guided biopsy, digital rectal exam, or both.153
Previous studies show that the adoption of PSA screening in the United States has
dramatically increased the detection of organ-confined PCa.154,155 The 5-year relative
survival rate for patients who are diagnosed with localized disease is almost 100%
regardless of age or whether patients receive therapy or not.45,46 Thus, some contend that
many PCa patients are “overtreated” – that is, exposed to potential risks of therapy when
benefits from treatment are less apparent.47 In May 2012, the United States Preventive
Services Task Force recommended against PSA-based PCa screening among all healthy
men in the general US population due to the concern that the risk of overdiagnosis and
overtreatment may outweigh the benefits of PSA testing.25

Treatment options for PCa include watchful waiting, active surveillance, radical
prostatectomy, external beam radiation therapy, brachytherapy, cryotherapy, androgen
deprivation therapy, and combination therapy. Not all cancers diagnosed undergo
treatment; due to the indolent nature of the disease, some men are appropriate for
watchful waiting or active surveillance.50 Aggressive treatment of localized PCa carries
significant potential risks to quality of life.44 The effects of greatest concern are damage
to the urinary sphincter and erectile nerves (nervi erigenti), resulting in urinary
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incontinence and impotence, respectively.44 Previous studies have shown that treatment
receipt among men diagnosed with early-stage (localized) PCa tends to be influenced by
individual-level characteristics including frequent PSA testing prior to diagnosis52,53 and
significant comorbidity.51 Nonclinical factors such as geographic region and area-level
characteristics associated with differences in treatment rates may also influence treatment
receipt among men diagnosed with localized PCa.156 However, there is limited research
on the impact of area-based socioeconomic and health services supply characteristics on
the relationship between pre-diagnosis annual PSA testing and treatment among men
diagnosed with localized PCa.

Health care environments in the U.S. are heterogeneous, with substantial variation in
locally-defined socioeconomic and health services supply characteristics across states and
counties.11,59-62 Geographic location has shown to influence variations in medical
therapies for various medical conditions, prompting concern about the underlying
rationale for clinical decisions.156 For example, a study conducted by Filson et al. found
the use of active surveillance to substantially vary based on geographic location among
Medicare-eligible men undergoing expectant management for localized PCa.47 Krupski et
al. also reported geographic variation associated with the use of watchful waiting (vs.
surgery or radiation) in men with early-stage PCa.156 Initial studies comparing efficacy
between brachytherapy and competing treatment modalities have demonstrated
comparable cancer control in the majority of patients, yet studies also report significant
geographic variation in primary treatment choice.156-159
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In this retrospective cohort study, I examined geographic variation in receiving
expectant management (active surveillance or watchful waiting), as well as the contextual
and individual factors underlying such variation among older Medicare beneficiaries
diagnosed with localized/regional PCa. It was hypothesized that the effect of prediagnosis annual PSA testing varied based on the county of residence at the time of
diagnosis. It was also hypothesized that older Medicare beneficiaries who received
frequent pre-diagnosis annual PSA testing prior to diagnosis and lived in counties with
ecological markers of high health services supply and SES are less likely to initially
undergo expectant management after localized/regional PCa diagnosis. Further, it was
hypothesized that the effect of systematic pre-diagnosis annual PSA testing was modified
by SES and HSSF characteristics of the counties.

Previous studies have highlighted that the use of active surveillance may not be
optimized in the U.S., as fewer than 10% of men with localized PCa proceeded with
active surveillance prior to 2007.47 Current guidelines offer limited guidance for selecting
patients for surveillance.47,160,161 Given this uncertainty, there is likely considerable
county-level variation in the application of active surveillance among men followed
expectantly for localized PCa.47 In this context, a subgroup analysis was conducted to
examine geographic differences in active surveillance use among Medicare beneficiaries
managed expectantly for localized/regional PCa, as well as potential patient and countylevel factors underlying such variation. It was hypothesized that among those who
underwent expectant management, frequent pre-diagnosis annual PSA testing prior to
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diagnosis and ecological-markers of high health services supply and socioeconomic
status were associated with a higher likelihood of receiving active surveillance.

5.2 METHODS
5.2.1 Data sources
Data for the study were obtained from the National Cancer Institute’s SEER
database and the linked Medicare enrollment and claims files.111 The study was
developed using claims data from 2000 through 2009 for men diagnosed with PCa
between 2004 and 2007, and followed until December 31, 2009. County-level data for
this study were obtained from several sources. County-level indicators of socioeconomic
characteristics were extracted from the year 2000 U.S. census.107 The 2000 CBP data
were used to obtain data on health care facilities and services available in counties.108 The
availability of physician and non-physician health care providers within the counties was
obtained from the year 2000 U.S. Census EEO Tabulation.110

5.2.2

Study Population
The study sample included men aged 65 years and above, diagnosed with incident

localized/regional PCa (based on SEER historic staging categories) between 2004 and
2007, with continuous fee-for-service Medicare coverage (i.e., with both Parts A and B
coverage) in the 60 months prior to cancer diagnosis and 24 months after the diagnosis of
PCa. The men were aged 70 years or above at the time of PCa diagnosis. Men enrolled in
Medicare advantage plans or health maintenance organizations during this 60-month
period were excluded due to incomplete Medicare claims data on these patients. Men
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with missing data for clinical stage at diagnosis and those with unknown stage at
diagnosis were also excluded.

5.2.3 Study Design
A retrospective cohort study design was employed to explore the variation in the
effects of individual and county-level characteristics on PCa treatment receipt among
elderly Medicare beneficiaries diagnosed with localized/regional PCa.

Outcomes
Medicare Provider Analysis and Review (MEDPAR), outpatient, and carrier files
were used to identify and subsequently categorize treatment types into watchful waiting,
active surveillance, radiation therapy, radical prostatectomy, cryotherapy and androgendeprivation therapy (ADT) (Appendix 12: ICD-9 codes and Healthcare Common
Procedure Coding System (HCPCS)/Current Procedural Terminology (CPT) codes were
used to identify treatment). Men were categorized into mutually exclusive treatment
groups based on the first type of treatment they received following PCa diagnosis. The
subset of men who did not receive radiation therapy, radical prostatectomy, cryotherapy
or ADT within the first 24 months of PCa diagnosis were identified as men who
underwent expectant management (watchful waiting or active surveillance).47,162 Among
those who underwent expectant management, receipt of active surveillance was defined
based on the presence of claims for repeat PSA test and repeat prostate biopsy within the
first two years following PCa diagnosis.47 All other patients in the expectant management
group were defined as having received watchful waiting. Patients with a repeat prostate
biopsy without repeat PSA testing were excluded (N=89).47
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Individual-level characteristics

SEER Patient Entitlement and Diagnosis Summary File (PEDSF) files were used
to obtain baseline individual-level information on age, year of diagnosis, marital status,
SEER region, urban/rural location, race/ethnicity, Gleason grade (≤6, 7, and 8-10), and
clinical tumor classification (T1, T2, T3, and T4). PSA tests administered before and
after PCa diagnosis were identified using CPT/HCPCS codes in Medicare claims
(Appendix 12). Annual PSA testing was based on receipt of 4-5 (systematic), 2-3, or 0-1
PSA tests annually over a period of 5 years before PCa diagnosis. Multiple PSA tests
men received during a single year was counted as a single test.45,52 Intensity of PSA
testing following PCa diagnosis was categorized into groups of <4, 4 to 8, and 8< tests
administered within 2 years of diagnosis.162 The use of a second biopsy within 2 years of
diagnosis was classified into a binary variable (yes or no).162

Use of other covered preventive and cancer screening services could correlate
with healthy behavior as well as opportunities to discuss signs and symptoms of illness
with health care providers, subsequently increasing the likelihood of early diagnosis and
early treatment receipt.91 Therefore, use of colon cancer screening at least once and
receipt of influenza vaccination annually, 5 years before PCa diagnosis were also
identified using Medicare claims data.145 The ICD-9 diagnostic codes associated with
health services utilization during the 12-month period prior to PCa diagnosis (baseline)
were used to calculate a baseline CCI score for each patient. The following baseline
performance status proxies were identified from Medicare claims that are distinct from
comorbidity measures: use of walking aid, wheelchair, oxygen and related supplies,
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hospitalizations, and admissions to skilled nursing facilities. State buy-in coverage of
Medicare beneficiaries for whom states pay the Part B premium was also included in the
analysis. Beneficiaries with state buy-in coverage are likely to have higher resource use
and worse utilization-based outcomes because they tend to be in poorer health.146

County-level characteristics
The county-level SES and HSSF indices developed in Aim 1 were used to capture
county-level characteristics. The final composite measure of county-level SES consisted
of employment rate, percentage of families below poverty level, median family income
and the level of education measured by an education index.147 The county-level HSSF
measure captured the availability of physician offices, diagnostic laboratories, general
medical and surgical hospitals and health care professionals including physicians, nurses,
pharmacists, laboratory technicians and social workers in counties.147 (Measures, factor
loadings and fit statistics are provided in Appendix 9) The SES and HSSF factor
coefficients were used to construct weighted SES and HSSF scores for each county. SES
and HSSF county scores were merged with patient-level SEER data based on where
individuals lived at the time of PCa diagnosis using Federal Information and Processing
Standards code information. Factor scores were sorted and divided as closely as possible
into quintiles based on the distribution of SEER county populations.

5.2.4

Statistical Analysis
Descriptive statistics were constructed to examine the distribution of

characteristics among elderly Medicare beneficiaries diagnosed with incident
localized/regional PCa. Chi-square tests were used for bivariate comparisons of patient
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and county characteristics by treatment type—expectant management (watchful
waiting/active surveillance), radiation therapy, radical prostatectomy, cryotherapy, and
ADT. Average time to first treatment receipt was also calculated. Geographic variation in
PCa treatment outcomes was assessed using, 1) random intercept/slope models, 2)
variance partition coefficients, and 3) caterpillar plots of predicted proportions of men
undergoing expectant management (watchful waiting/active surveillance) in counties
after adjusting for individual and county-level characteristics.

Cluster-specific logistic regression models were used to examine the effects of
pre-diagnosis annual PSA testing on PCa-specific treatment receipt considering countylevel random effects. To account for possible county-level heterogeneity, the intercept of
each county was allowed to vary, using a random intercepts model. Random slopes for
the intensity of annual PSA testing (4 or more times and 2-3 times) prior to PCa diagnosis
were introduced to the models to examine the variation in the effect of pre-diagnosis
annual PSA testing on the likelihood of undergoing expectant management in the
counties. Likelihood ratio test statistic was calculated as two times the difference in the
log likelihood values between the model with and without the random slopes to test
whether the effect of annual PSA testing varied across counties. Variance partition
coefficients were calculated using a null model to measure the variance in expectant
management that was attributable to county-level effects (using Equation 3). The
partially-adjusted model consisted of individual-level characteristics including prediagnosis annual PSA testing, demographic, clinical characteristics, and other preventive
health behavior. Urban/rural location, SES and HSSF measures were added to the model
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to examine the role of county-level characteristics in explaining the variation in expectant
management. The proportional change in variance attributable to the added predictors
was calculated to quantify the amount of variance ‘explained’ by addition of county-level
predictors to the model.

Cross-level interactions between county-level SES/HSSF characteristics and prediagnosis systematic annual PSA testing were included to the model to examine if the
effect of PSA testing was modified by county-level characteristics. The fully adjusted
model was used to estimate the predicted proportion of men undergoing expectant
management in each SEER covered county. A caterpillar plot was created with rank
ordered predicted proportions of Medicare-eligible older men undergoing expectant
management in the counties.

5.2.5

Subgroup analysis
The subgroup analysis was limited to older Medicare beneficiaries diagnosed with

localized/regional PCa who only underwent expectant management (watchful waiting or
active surveillance) within the first two years of PCa diagnosis. Chi-square tests were
used for bivariate comparisons of patient and county characteristics by receipt of
watchful waiting or active surveillance. Cluster-specific logistic regression models were
used to examine the effects of individual and county-level characteristics on receipt of
active surveillance considering county-level random effects. Variance partition
coefficients were calculated using a null model to measure the variance in active
surveillance that was attributable to county-level effects (Equation 3). The fully adjusted
model was used to estimate the predicted proportion of men receiving active surveillance
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in each SEER covered county. A caterpillar plot was created with rank ordered predicted
proportions receiving active surveillance in the counties.

Analyses were performed using SAS software, version 9.2 (SAS Institute, Inc.,
Cary, NC) and STATA software, version 10.0 (StataCorp LP, College Station, TX).

5.3

RESULTS

5.3.1 County-level SES and HSSF characteristics
Spearman’s rank correlation coefficient between SES and HSSF categorical
measures was 0.36, indicating a low positive correlation between the SES and HSSF.

5.3.2

Descriptive and Bivariable Analysis
Application of the inclusion criteria resulted in 42,348 older Medicare

beneficiaries diagnosed with localized/regional PCa from 2004 to 2007. Due to privacy
concerns the EEO tabulation provides information only on those counties with more than
50,000 residents. Thus, after combining the county-level composite HSSF and SES
measures with the SEER-Medicare dataset, the final study sample consisted of 35,362
Medicare beneficiaries diagnosed in 158 counties in SEER-covered regions.

The mean age of the sample was 76.9 years (SD ±5.1) years and a majority (77%)
reported their race/ethnicity as White non-Hispanic (Table 8). Approximately 20% of the
beneficiaries underwent expectant management (watchful waiting/active surveillance)
within the first two years of PCa diagnosis. In the full sample (N=35,362), 25% received
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radiation therapy, 9% received radical prostatectomy, 2% cryotherapy, and 44% ADT as
the first treatment following diagnosis, 20% underwent expectant management (Table 8).
Median time to first course of treatment was 108 days among those who received
radiation therapy as the first course of treatment (Average: 108 days, SD: 99 days, Min: 0
days, Max: 729 days). Median time to radical prostatectomy was 74 days (Average: 89
days, SD: 71, Min: 0 days, Max: 716 days), cryotherapy was 85 days (Average: 115 days,
SD: 108, Min: 0 days, Max: 726 days) and ADT was 46 days (Average: 72 days, SD: 94,
Min: 0 days, Max: 730 days) from the date of localized/regional PCa diagnosis. The men
who received four or more annual PSA tests prior to localized/regional PCa diagnosis
were less likely to undergo expectant management (16%) compared to the men who
received 2-3 times (19%) or 0-1 (30%) annual PSA tests 5-years prior to PCa diagnosis
(p<0.01) (Table 8). However, African American race, lower Gleason grade (≤6), poor
performance status proxies, and no colon cancer screening 5 years prior to PCa diagnosis
were statistically significantly associated with a higher likelihood of undergoing
expectant management following PCa diagnosis.

Characteristics of patients by intensity of pre-diagnosis annual PSA testing are
described in Appendix 13. More than 46% of newly diagnosed localized/regional PCa
patients had 4 or more annual PSA tests before their cancer diagnosis. Men who are
White, married, with a lower CCI score (0 or 1), had colon cancer screening and
influenza shots 5-years before diagnosis were more likely to have received 4 or more
annual PSA tests before cancer diagnosis. Increasing numbers of PSA tests before cancer
diagnosis were associated with lower biopsy Gleason scores (Gleason ≤6)163 and lower
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clinical tumor stage (T1) at diagnosis. Among men in the highest testing group (4 or more
PSA tests), 82% were diagnosed with Gleason ≤6 or 7 disease but only 20% underwent
expectant management during follow-up.
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Table 8: Sample characteristics of Medicare-eligible older men diagnosed with
localized/regional prostate cancer in 158 SEER covered counties, stratified by treatment
typea, 2004-2007

107

Table 8: Continued
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Table 8: Continued
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a. First type of treatment received within the first 2 years of prostate cancer diagnosis.

b.
c.
d.
e.

f.
g.
h.
i.

Definitive treatment includes radiation therapy, radical prostatectomy, cryotherapy, and
androgen deprivation therapy. Expectant management was defined as lack of definitive
therapy within the first two years of diagnosis. Receipt of active surveillance was defined
based on the presence of claims for ≥ 2 PSA test and ≥ 2 prostate biopsies within the first
two years following prostate cancer diagnosis (N=417). All other patients in the expectant
management group were defined as having received watchful waiting (N=6,754).
N represents the number of patients.
Radiation therapy includes, external-beam radiation therapy (EBRT), brachytherapy, and
intensity-modulated radiation therapy (IMRT).
The p-values were calculated using chi-squared tests.
Row %: Row percentage is calculated as the ratio of the frequency count for a single cell to
the total frequency count for the row that contains the cell. The ratio is represented as a
percentage.
Other includes Asian, Hispanic, American Indian/Alaska Native, and Unknown.
Other preventive health behavior assessed over a period of five years prior to prostate cancer
diagnosis.
During the 12-month period prior to prostate cancer diagnosis.
Year of prostate cancer diagnosis.
Percentages are not reported due to small cell size (<11) per SEER Data Use Agreement
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5.3.3

Multivariate Analysis
According to the null model, between-county variance was 0.084 (95% CI: 0.060-

0.121) indicating that 2.50% of the variation in undergoing expectant management
among men across counties was attributable to county-effects (Table 9). The likelihood
ratio test statistic comparing the unadjusted models with and without random slopes
indicates that the effect of frequent annual PSA testing prior to PCa diagnosis on
expectant management varied across counties (p<0.003) (Table 9).
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Table 9: Testing for a random slope for annual PSA testing in multilevel logistic
regression models

a. Between county-variance as a function of the level of pre-diagnosis annual PSA testing
+2
+
+2
+
+2
=
b. Likelihood ratio= 2 ((-17,412.02)-( -17,436.80))=49.56 (degree of freedom=2) (p<0.003)
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Multivariate analyses showed that greater intensity of pre-diagnosis annual PSA
testing was associated with a statistically significant lower likelihood of undergoing
expectant management compared to receiving zero or one PSA test 5-years prior to PCa
diagnosis (4 or more times OR: 0.48, 95% CI 0.43-0.54; 2-3 times OR: 0.64, 95% CI:
0.58-0.70) (Table 10). Other preventive health behavior measured by receipt of colon
cancer screening and annual influenza shots was also negatively associated with
expectant management. Older age, higher comorbidity and African American race were
consistently associated with an increased likelihood of undergoing expectant
management. Lower health services supply within counties was associated with a higher
likelihood of receiving expectant management. Variance between counties depended on
the level of PSA testing.
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Table 10: Multilevel logistic regression models for receipt of expectant managementa
controlling for individual and county-level characteristics
Variables

Demographic
& Clinical adjusted
OR (95% CI)

Individual-level
Annual PSA testing 5 years before diagnosis
4 or more times (systematic)
0.48 (0.43, 0.54)*
2 or 3 times
0.63 (0.58, 0.70)*
0 or 1 times
Reference
Race
White non-Hispanic
Reference
African American
1.22 (1.09, 1.36)*
Other b
1.33 (1.22, 1.46)*
Age at diagnosis
70-74
Reference
75-79
1.74 (1.63, 1.87)*
80-84
2.65 (2.44, 2.87)*
85+
3.68 (3.30, 4.10)*
State Buy-in
0.82 (0.74, 0.92)*
c
Charlson comorbidity index
Zero
Reference
One
1.01 (0.94, 1.09)
Two or higher
1.16 (1.06, 1.26)*
Missing
10.42 (8.74, 12.42)*
Performance status proxyd
1.29 (1.19, 1.39)*
e
Colon cancer screening
No screening over 5 years
Reference
1 or more times over 5 years
0.90 (0.83, 0.97)*
Annual influenza shots e
0- 1 time
Reference
2- 3 times
0.83 (0.77, 0.89)*
4 or more times
0.85 (0.78, 0.92)*
Year f
2004
Reference
2005
1.08 (1.00, 1.18)
2006
1.14 (1.05, 1.23)*
2007
1.19 (1.10, 1.29)*
Gleason grade
≤6
Reference
7
0.33 (0.30, 0.35)*
8-10
0.18 (0.16, 0.20)*
Missing
1.46 (1.25, 1.71)*
Clinical tumor classification
T1
Reference
T2
0.74 (0.69, 0.78)*
T3/T4
0.31 (0.25, 0.38)*
Missing
0.28 (0.08, 0.90) *
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Fully adjusted
OR (95% CI)
0.48 (0.43, 0.54)*
0.64 (0.58, 0.70)*
Reference
Reference
1.23 (1.10, 1.37)*
1.33 (1.21, 1.45)*
Reference
1.74 (1.63, 1.87)*
2.65 (2.44, 2.86)*
3.68 (3.29, 4.09)*
0.83 (0.74, 0.92)*
Reference
1.01 (0.94, 1.09)
1.16 (1.06, 1.26)*
10.41 (8.85, 12.54)*
1.29 (1.19, 1.39)*
Reference
0.90 (0.82, 0.97)*
Reference
0.83 (0.77, 0.88)*
0.85 (0.78, 0.91)*
Reference
1.08 (1.00, 1.17)
1.14 (1.11, 1.23)*
1.19 (1.10, 1.29)*
Reference
0.33 (0.31, 0.35)*
0.18 (0.16, 0.20)*
1.47 (1.26, 1.72) *
Reference
0.74 (0.69, 0.78)*
0.31 (0.25, 0.38) *
0.27 (0.08, 0.90)*

Variables
County-level
Big Metro/ Urban/Rural
location
Big metro/ Urban
Rural
Socio-economic status
High
4
3
2
Low
Health services supply
High
4
3
2
Low
Number of counties

Demographic
& Clinical adjusted
OR (95% CI)

Fully adjusted
OR (95% CI)

Reference
1.32 (0.63, 2.79)
Reference
1.04 (0.82, 1.31)
1.15 (0.93, 1.43)
1.12 (0.92, 1.38)
1.15 (0.92, 1.43)

158

Reference
1.02 (0.77, 1.35)
1.21 (1.00, 1.48)**
1.23 (1.02, 1.48)*
1.32 (1.09, 1.59)*
158

Between-county variance for PSA
testing 4 or more times
0.127 (0.059, 0.273)
0.130 (0.064, 0.264)
(95% CI)
Between-county variance for
PSA testing 2-3 times
0.076 (0.031, 0.184)
0.079 (0.033, 0.192)
(95% CI)
Between-county variance for
PSA testing 0-1 time
(95%
0.221 (0.143, 0.341)
0.205 (0.132, 0.318)
CI)
Covariance
(95% CI)
0.098 (0.021, 0.175)
0.101 (0.026, 0.176)
Covariance
(95% CI)
-0.116 (-0.202, -0.030)
-0.113 (-0.196, -0.031)
Covariance
(95% CI)
-0.089 (-0.163, -0.014)
-0.093 (-0.166, -0.020)
Variance for PSA testing for 4 or
0.116
0.109
more timesg
Variance for PSA testing for 2-3
0.119
0.098
timesg
Variance for PSA testing for 0-1
0.221
0.205
timesg
Variance partition coefficients for
6.29%
5.87%
PSA testing 0-1 time
Variance partition coefficients
3.49%
2.89%
for PSA testing 2-3 times
Variance partition coefficients
for PSA testing for 4 or more
3.41%
3.21%
times
Likelihood ratioh
-15,368.24
-15,360.79
a. First type of treatment received within the first 2 years of prostate cancer diagnosis.

Definitive treatment includes radiation therapy, radical prostatectomy, and androgen
deprivation therapy. Expectant management was defined as lack of definitive therapy within
the first two years of diagnosis. Receipt of active surveillance was defined based on the
presence of claims for ≥ 2 PSA test and ≥ 2 prostate biopsies within the first two years
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b.
c.
d.
e.
f.
g.
h.

following prostate cancer diagnosis (N=417). All other patients in the expectant management
group were defined as having received watchful waiting (N=6,754).
Other includes Asian, Hispanic, American Indian/Alaska Native, and Unknown.
During the 12-month period prior to prostate cancer diagnosis.
Use of walking aid, wheelchair, oxygen, skilled nursing facility or hospitalizations during the
12-month period prior to prostate cancer diagnosis.
Other preventive health behavior assessed over a period of five years prior to prostate cancer
diagnosis.
Year of prostate cancer diagnosis.
Between county-variance as a function of the level of annual PSA testing
+2
+
+2
+
+2
=
Likelihood ratio= 2 (-15,360.79)-( -15,368.24)=14.90* (degree of freedom=2)
* P-value <0.01 ** P-value<0.05

Decreasing health services supply in counties where patients lived was associated
with increasing likelihood of men undergoing expectant management. Contextual
characteristics SES, HSSF and rural location explained 6-17% of the variation in
undergoing expectant management across the counties. Cross-level interactions between
systematic pre-diagnosis annual PSA testing and county-level SES/HSSF characteristics
were not statistically significant (Appendix 15). Figure 12 illustrates the variation in the
predicted proportion of men undergoing expectant management after adjusting for
individual and county-level characteristics; the predicted proportions ranged from
11.65% to 38.66% (Mean: 20.25%, Median: 20.56%, SD: 3.96%) across 158 SEER
covered counties.
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Figure 12: Caterpillar plot illustrating county-level variation in the predicted proportion
of Medicare-eligible older men undergoing expectant management across 158 SEER-
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The figure above displays the predicted proportion of Medicare-eligible older men
receiving expectant management in 158 counties with at least 14 patients after adjusting
for patient and county characteristics, and clustering at the county level. The model was
adjusted for individual demographic, clinical characteristics, other preventive health
behavior, rural location and county-level socioeconomic and health services supply
characteristics. The x-axis shows the 158 counties ordered from smallest to largest
proportion receiving expectant management. Average percentage across all counties was
20.3% (shown by the horizontal line). Geographic variation in SES and HSSF scores and
predicted proportion using expectant management across the 158 SEER-covered counties
are shown in figure 13.
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Figure 13: Distribution of the predicted proportions of Medicare-eligible older men
undergoing expectant management (EM) (active surveillance or watchful waiting) across
158 SEER-covered counties
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5.3.4

Subgroup analysis
Men with unknown and T3/T4 clinical tumor stage and missing Gleason scores

(N=439) were excluded. Among 6,732 men managed expectantly, approximately 5.5% of
the beneficiaries underwent active surveillance within the first two years of PCa
diagnosis. Bivariable analysis shows that men who received four or more annual PSA
tests (9%) prior to PCa diagnosis were more likely to undergo active surveillance
compared to those who received 2-3 (5%) or 0-1 (1%) PSA tests (Appendix 14).
Individuals with a lower Gleason grade (≤6) and T2 tumor stage at diagnosis were more
likely to undergo active surveillance following PCa diagnosis (Appendix 14).

According to the null model, between-county variance was 0.671 (95% CI: 0.4041.116) indicating that 17% of the variation in the receipt of active surveillance across
counties was attributable to county-effects. Multivariate analyses showed that greater
intensity of annual PSA testing was associated with a statistically significant higher
likelihood of undergoing active surveillance compared to receiving 0 or 1 PSA test 5
years prior to PCa diagnosis (Table 11). After adjusting for patient and county-level
characteristics, the variation in receipt of active surveillance that was attributable to
county-effects reduced to 12%. Random slopes for annual PSA testing were not
statistically significant, indicating that the effects of annual PSA testing did not
statistically significantly vary across the counties. Figure 14 illustrates the variation in the
predicted proportion of men receiving active surveillance after adjusting for individual
and county-level characteristics; the predicted proportions ranged from 0.68% to 26.75%
(Mean: 5.75%, Median: 5.20%, SD: 3.37%) among those who received expectant
management, across 158 SEER covered counties.
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Table 11: Multilevel logistic regression models for active surveillancea controlling for
individual and county-level characteristics

Variables
Individual-level
Annual PSA testing 5 years
before diagnosis
4 or more times
(systematic)
2 or 3 times
0 or 1 times
Race
White non-Hispanic
African American
Other b
Age at diagnosis
70-74
75-79
84+
State Buy-in (at least one
month) before diagnosis
Charlson comorbidity index c
Zero
One
Two or higher
Missing
Performance status proxy d
Colon cancer screening e
No screening over 5 years
1 or more times over 5
years
Annual influenza shots e
0- 1 time
2- 3 times
4 or more times
Gleason grade
≤6
7
8-10
Clinical tumor classification
T1
T2
Year f
2004
2005
2006

Demographic
& Clinical adjusted

Fully adjusted

OR (95% CI)

OR (95% CI)

6.47 (4.33, 9.67)*

6.51 (4.35, 9.74)*

3.79 (2.49, 5.77)*
Reference

3.82 (2.51, 5.82)*
Reference

Reference
0.78 (0.48, 1.28)
1.06 (0.77, 1.44)

Reference
0.84 (0.51, 1.38)
1.08 (0.79, 1.47)

Reference
0.51 (0.40, 0.65)*
0.18 (0.13, 0.26)*

Reference
0.51 (0.40, 0.66)*
0.18 (0.13, 0.26)*

0.59 (0.35, 1.00)*

0.62 (0.36, 1.05)

Reference
0.69 (0.51, 0.91)*
0.80 (0.53, 1.15)
0.06 (0.01, 0.41)*
0.78 (0.55, 1.09)

Reference
0.69 (0.52, 0.91)*
0.80 (0.55, 1.15)
0.06 (0.01, 0.41)*
0.78 (0.55, 1.09)

Reference
1.47 (1.12, 1.94)*

Reference
1.45 (1.10, 1.91)*

Reference
1.04 (0.78, 1.38)
1.08 (0.79, 1.48)

Reference
1.02 (0.76, 1.35)
1.07 (0.78, 1.35)

Reference
0.55 (0.40, 0.75)*
0.38 (0.18, 0.80)*

Reference
0.55 (0.40, 0.76)*
0.39 (0.19, 0.81)*

Reference
1.48 (1.18, 1.87)*

Reference
1.47 (1.16, 1.85)*

Reference
1.07 (0.75, 1.54)
1.42 (1.01, 1.98)*

Reference
1.00 (0.75, 1.54)
1.43 (1.02, 2.00)*
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Variables

Demographic
& Clinical adjusted

Fully adjusted

OR (95% CI)

OR (95% CI)

2007
1.72 (1.24, 2.37)*
1.71 (1.24, 2.37)*
County-level
Socio-economic status
High
Reference
4
0.88 (0.50, 1.55)
3
0.80 (0.47, 1.37)
2
0.63 (0.35, 1.15)
Low
0.26 (0.11, 0.59)*
Health services supply
High
Reference
4
1.30 (0.77, 2.22)
3
1.44 (0.82, 2.53)
2
1.48 (0.85, 2.57)
Low
1.30 (0.51, 3.31)
Number of counties
158
158
Variance of random intercept
0.520 (0.296, 0.914)
0.457 (0.257, 0.813)
Variance partition
13.65%
12.20%
coefficients
Likelihood ratio
1,220.65
-1,211.32
a. Expectant management was defined as lack of definitive therapy (radiation therapy,
radical prostatectomy, and androgen deprivation therapy) within the first two years of
diagnosis. Receipt of active surveillance was defined based on the presence of claims for
≥ 2 PSA test and ≥ 2 prostate biopsies within the first two years following prostate cancer
diagnosis (N=370). All other patients in the expectant management group were defined as
having received watchful waiting (N=6,362).
b. Other includes Asian, Hispanic, American Indian/Alaska Native, and Unknown.
c. During the 12-month period prior to prostate cancer diagnosis.
d. Use of walking aid, wheelchair, oxygen, skilled nursing facility or hospitalizations during
the 12-month period prior to prostate cancer diagnosis.
e. Other preventive health behavior assessed over a period of five years prior to prostate
cancer diagnosis.
f. Year of prostate cancer diagnosis.
* P-value <0.01
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Figure 14: Caterpillar plot illustrating county-level variation in the predicted proportion
of Medicare-eligible older men receiving active surveillance across 158 SEER-covered
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The figure above displays the predicted proportion of Medicare-eligible older men
receiving active surveillance in 158 counties with at least 14 patients after adjusting for
patient and county characteristics, and clustering at the county level. The model was
adjusted for individual demographic, clinical characteristics, other preventive health
behavior, rural location and county-level socioeconomic and health services supply
characteristics. The x-axis shows the 158 counties ordered from smallest to largest
proportion receiving active surveillance. Average percentage across all counties was
5.7% (shown by the horizontal line).

5.4

DISCUSSION
In the current study a population-based approach was used to assess the

downstream impact of pre-diagnosis annual PSA testing prior to PCa diagnosis on
utilization of treatments among older Medicare beneficiaries in the United States
considering the contextual characteristics of where individuals lived at the time of
diagnosis. Despite the high prevalence of clinically localized PCa and the controversies
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associated with determining initial treatment, fewer studies have examined preventive
health behavior and contextual characteristics underlying the variation of initial treatment
receipt. As expected, high intensity of pre-diagnosis annual PSA testing, higher tumor
grade (T2/T3/T4) and older age had an important association with treatment group
assignment. Race, county-level SES and HSSF were also associated with treatment,
indicative of potential disparities in care.

Previous studies suggest that men who receive frequent annual PSA testing prior
to PCa diagnosis have a higher chance of undergoing definitive therapy exacerbating the
risk of overtreatment.52 Consistent with previous findings, higher frequency of annual
PSA testing was associated with a lower likelihood of undergoing watchful waiting or
active surveillance. However, the findings of this study also show that the effect of PSA
testing on treatment receipt could also vary based on geographic location indicating that
individual response to treatment receipt following annual PSA testing varied based on
where they lived at the time of diagnosis. Moreover, when accounting for measured
patient demographics, preventive health behavior, clinical characteristics and cancer
severity, there was significant geographic variation in use of expectant management and
specifically active surveillance across the SEER covered counties. Thus, these findings
indicate that concerns relating to overtreatment are not entirely patient-level
phenomenon. Geographic variation suggests that treatment decisions are also based on
contextual factors at the county level.
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Contextual characteristics and geographic variability can have a significant
impact on treatment decisions. Each county in the U.S. represents a unique healthcare
environment governed by local and regional politics, social systems, and baseline
conditions. Within each county there are health services and socioeconomic factors that
interact with individual characteristics to determine health services use and subsequent
health outcomes. In the current study, men living in low SES counties were less likely to
receive treatment with curative intent, such as surgery or radiotherapy, and were more
often managed by watchful waiting/active surveillance (Table 8). This result confirms the
findings of other studies reporting that men living in lower SES were less likely to be
treated at all.74,164 Furthermore, it was also found that the use of active surveillance
decreased with low SES. Therefore, these findings suggest a need for expanding the use
of active surveillance among patients living low SES counties. Such an approach could
potentially help with earlier identification of disease progression, which could lead to
improved outcomes among these underserved populations.74,164

Few studies have explored the effect of HSSF characteristics of counties on
treatment receipt for early-stage PCa. HSSF may contribute to greater access to health
care, the quality of care received, and the timeliness or thoroughness of workup and
treatment receipt. While the results indicate that men living in health care resource scarce
areas are more likely to receive expectant management, further research is warranted to
inform how resource allocation or tailored interventions and policies may ultimately
reduce geographic variation in treatment receipt among older men.
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Overall, the uptake of expectant management among older Medicare beneficiaries
was low. Approximately 80% were diagnosed with low-grade (Gleason 7 or below)163
localized PCa, but only 22% underwent watchful waiting or active surveillance during a
two-year follow-up. Previous reports suggest that fewer than 1 in 10 patients with
localized PCa undergo expectant management, supporting the relatively infrequent use
reported herein.47,161,165 Accordingly, aggressive local therapy is provided to most
patients diagnosed with PCa due to the inability to distinguish indolent from aggressive
cancers.45,52 The uncertainty of undergoing expectant management or treatment,
morbidity and health care costs associated with treatment for low risk PCa raise concerns
about poorly discriminant algorithms used to identify candidates for treatment.166-168

Active surveillance is generally recommended for men 65 years and older
diagnosed with low-grade localized PCa.163 However, according to the subgroup analysis
only 5% of the men underwent active surveillance. The low proportion receiving active
surveillance among Medicare-eligible older men can be explained by differing eligibility
criteria for treatment, which can complicate the interpretation of results and decrease
acceptance and adherence to surveillance.162

There are several limitations that deserve mention. First, there may be
misclassification bias related to the definition of expectant management and active
surveillance. SEER or Medicare do not explicitly identify men who are undergoing
watchful waiting or active surveillance.162 As in previous studies,47,162 we identified
expectant management based on the lack of any treatment over a 2-year period after

125

diagnosis. These patients who were grouped under expectant management may have
refused or were not offered treatment or were lost to follow-up.162 However, the use of
repeat biopsy to distinguish between active surveillance and watchful waiting is
consistent with multiple existing clinical protocols.47,161,162 Second, the findings may only
generalize to a fee-for-service Medicare-eligible population of men with localized PCa.
While these patients may represent the population that may benefit from an increase in
the use of expectant management, future studies should take advantage of other datasets
to examine the utilization of expectant management among older men with non-fee-forservice coverage as well as younger men with localized PCa. 47 Third, PSA values
available in SEER data were not used in the current analysis due to issues relating to data
quality.111

Despite these limitations, the findings have important implications for screening and
treatment guidelines aimed at optimizing use of expectant management among men with
early-stage PCa. First, individual characteristics, geographic location and geographic
characteristics can influence the uptake of treatment for early-stage PCa. The level of
geographic variation observed in PCa outcomes suggests that PCa screening guidelines
and recommendations should be informed by individual characteristics as well as
contextual and structural factors of where individuals live and make health care
decisions. Second, active surveillance is used relatively infrequently among older
Medicare beneficiaries.161 This finding highlights a potentially important area for future
efforts to improve quality of care for older men with localized PCa.161 Third, while some
variation may be appropriate, the presence of disparities based on HSSF and SES
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highlight targets for further research and education intended to achieve greater equity in
the care of men with PCa. Finally, the associations between contextual characteristics and
use of expectant management suggest that future interventions seeking to optimize
expectant management of men with potentially cancerous disease should not only engage
patients and providers but also consider the facilitators and barriers defined by the
individual’s county of residence.
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6. Summary of Findings
Specific Aim 1: To construct two county-level indices to capture socioeconomic and
health services supply characteristics of counties.
Findings:
SES index‐ The final single component model retained, civilian labor force population
aged ≥16 y employed, % families below poverty level, education index (weighted school
years), and median family income (Table 2).
HSSF index- The final single component model retained the following facilities and
providers: physician offices, medical and diagnostic laboratories, general medical and
surgical hospitals, physicians and surgeons, physician assistants, registered nurses,
licensed practical and licensed vocational nurses, pharmacists, clinic laboratory
technologists and technicians, social workers and diagnostic related technologists and
technicians (Table 2).

Specific Aim 2: To examine variation in the effect of pre-diagnosis annual PSA testing
on stage at PCa diagnosis, as well as county-level characteristics underlying such
variation among Medicare-eligible older men.

Sub-Aim 2 (i): To examine the association between pre-diagnosis annual PSA testing
and stage at PCa diagnosis among Medicare-eligible older men.
Alternative Hypothesis 2 (i): Older Medicare beneficiaries who received pre-diagnosis
annual PSA testing are less likely to receive an incident distant PCa diagnosis compared
to beneficiaries who did not receive pre-diagnosis annual PSA testing.
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Findings: Frequent pre-diagnosis annual PSA testing was associated with a statistically
significant lower likelihood of distant PCa diagnosis compared to receiving 0 or 1 PSA
test 5-years prior to PCa diagnosis (OR 4 or more vs. 0-1 PSA tests: 0.20 , 95% CI: 0.170.22; OR 2-3 vs. 0-1 PSA tests: 0.41, 95% CI: 0.37-0.46).

Sub-Aim 2 (ii): To examine geographic variation in the effect of pre-diagnosis annual
PSA testing on stage at PCa diagnosis across U.S. counties.
Alternative Hypothesis 2 (ii): Between-county slope variance for pre-diagnosis annual
PSA testing is statistically significant.
Findings: Between-county slope variance for pre-diagnosis annual PSA testing was not
statistically significant, indicating that the effect of pre-diagnosis annual PSA testing did
not statistically significantly vary across counties (p-value=0.21).

Sub-Aim 2 (iii): To examine the role of county-level HSSF and SES characteristics in
the relationship between pre-diagnosis annual PSA testing and stage at PCa diagnosis.
Alternative Hypothesis 2 (iii) a: Older Medicare beneficiaries who lived in counties
with ecological indicators of high HSSF and high SES are less likely to receive an
incident distant PCa diagnosis compared to those who lived in low HSSF and low SES
counties.
Findings: Individuals living in low HSSF counties were more likely to be diagnosed with
distant PCa diagnosis compared to those living in high HSSF counties (OR Low vs. High
HSSF: 1.44, 95% CI: 1.08-1.92).
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Individuals living in low SES counties were less likely to be diagnosed with distant PCa
diagnosis compared to those living in high SES counties (OR Low vs. High SES: 0.76,
95% CI: 0.69-0.98).
Alternative Hypothesis 2 (iii) b: Cross-level interactions between county-level
SES/HSSF characteristics and pre-diagnosis annual PSA testing are statistically
significant.
Findings: Cross-level interactions between pre-diagnosis annual PSA testing 4 or more
times and county-level SES/HSSF characteristics were not statistically significant (SES*
PSA testing 4 or more times: OR 1.03, 95% CI: 0.96-1.11, HSSF* PSA testing 4 or more
times: OR 1.00, 95% CI: 0.93-1.08).

Sub-Aim 2 (iv): To examine the extent to which between-county differences in stage at
PCa diagnosis can be explained by the differences in SES and HSSF characteristics
between counties.
Findings: SES and HSSF characteristics explained 13% of the variation in distant PCa
diagnosis that was attributable to county-level effects.

Sub-Aim 2 (v): To examine geographic variation in the predicted probability of distant
PCa diagnosis across counties, considering individual characteristics and contextual
characteristics of the counties.
Findings: The predicted probability of distant PCa diagnosis ranged from 3.5% to 15.1%
(Mean: 6.1%, SD: 6.7%) across 158 SEER covered counties (Figure 10).
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Specific Aim 3: To examine variation in the effect of pre-diagnosis annual PSA testing
on undergoing expectant management (active surveillance or watchful waiting) for
localized/regional PCa, as well as county-level characteristics underlying such variation
among Medicare-eligible older men.

Sub-Aim 3 (i): To examine the association between pre-diagnosis annual PSA testing
and expectant management for localized/regional PCa among Medicare-eligible older
men.
Alternative Hypothesis 3 (i): Older Medicare beneficiaries who received pre-diagnosis
annual PSA testing are less likely to undergo expectant management for
localized/regional PCa compared to beneficiaries who did not receive pre-diagnosis
annual PSA testing.
Findings: Frequent pre-diagnosis annual PSA testing was associated with a statistically
significant lower likelihood of undergoing expectant management for localized/regional
PCa compared to receiving 0 or 1 PSA test 5-years prior to PCa diagnosis (OR 4 or more
vs. 0-1 PSA tests: 0.48, 95% CI 0.43-0.54; OR 2-3 vs. 0-1 PSA tests: 0.64, 95% CI: 0.580.70).
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Sub-Aim 3 (ii): To examine geographic variation in the effect of pre-diagnosis annual
PSA testing on expectant management for localized/regional PCa across U.S. counties.
Alternative Hypothesis 3 (ii): Between-county slope variance for pre-diagnosis annual
PSA testing is statistically significant.
Findings: The likelihood ratio test statistic comparing the unadjusted models with and
without random slopes was statistically significant, indicating that the effect of prediagnosis annual PSA testing varied across counties (p<0.003).

Sub-Aim 3 (iii): To examine the role of county-level HSSF and SES characteristics in
the relationship between pre-diagnosis annual PSA testing and expectant management for
localized/regional PCa.
Alternative Hypothesis 3 (iii) a: Older Medicare beneficiaries who lived in counties
with ecological indicators of high HSSF and high SES are less likely to undergo
expectant management for localized/regional PCa compared to those who lived in low
HSSF and low SES counties.
Findings: Individuals living in low HSSF counties were more likely to undergo
expectant management for localized/regional PCa compared to those living in high HSSF
counties (OR Low vs. High HSSF: 1.32, 95% CI: 1.09-1.59).
The association between SES and the likelihood of undergoing expectant management
was not statistically significant (OR Low vs. High SES: 1.15, 95% CI: 0.92-1.43).
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Alternative Hypothesis 3 (iii) b: Cross-level interactions between county-level
SES/HSSF characteristics and pre-diagnosis annual PSA testing are statistically
significant.
Findings: Cross-level interactions between pre-diagnosis annual PSA testing 4 or more
times and county-level SES/HSSF characteristics were not statistically significant (SES*
PSA testing 4 or more times: OR 1.03, 95% CI: 0.96-1.11, HSSF* PSA testing 4 or more
times: OR 0.99, 95% CI: 0.95-1.03).

Sub-Aim 3 (iv): To examine the extent to which between-county differences in
undergoing expectant management for localized/regional PCa can be explained by the
differences in SES and HSSF characteristics between counties.
Findings: SES and HSSF characteristics explained 6-17% of the variation in undergoing
expectant management that was attributable to county-level effects.

Sub-Aim 3 (v): To examine geographic variation in the predicted probability of
undergoing expectant management for localized/regional PCa across counties,
considering individual characteristics and contextual characteristics of the counties.
Findings: The predicted probability of men undergoing expectant management ranged
from 11.65% to 38.66% (Mean: 20.25%, Median: 20.56%, SD: 3.96%) across 158 SEER
covered counties (Figure 12).
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7.

Conclusions, Implications, and Future research
PCa is the most-commonly diagnosed cancer as well as the second most common

cause of cancer-related deaths in American men aged 65 years and older.16 The
controversy surrounding overall risks and benefits of pre-diagnosis PSA testing persists
despite the evidence provided by two randomized controlled trials commissioned to
examine efficacy of PSA-based PCa screening. The USPSTF recommendation against
PSA-based PCa screening in the general U.S. population was largely supported by these
two randomized controlled trials which yielded conflicting results. The PLCO trial
reported no statistically significant reduction in PCa-specific mortality rate due to PSAbased screening (RR: 1.09, 95% CI: 0.87-1.36).32 In the ERSPC trial, the rate of death
due to PCa was significantly reduced in the screening arm (RR: 0.79, 95% CI: 0.69-0.91,
p<0.01) after 13-years of follow-up.33 Even though reduction in the incidence of
symptomatic metastatic disease is considered an important PCa outcome, this information
was not available in the PLCO trial.25 However, the Göteborg branch of the ERSPC trial,
demonstrated a benefit of screening in terms of reducing the risk of a metastatic PCa
diagnosis (48.9% risk reduction in the PSA screened arm compared to control arm,
p=0.0084).1

Although clinical trials may overcome concerns of internal validity, there are often
concerns regarding the external validity and generalizability of the findings, especially as
clinical trial enrollees generally tend to be younger and healthier than older patients
diagnosed with cancer.90 The higher prevalence of PCa and PCa-specific mortality among
the older men makes it an important issue in the Medicare population. Therefore, the
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purpose of the current study was to determine whether the use of and frequency of prediagnosis annual PSA testing in the 5-years before PCa diagnosis affects PCa outcomes
in a contemporary cohort of Medicare-eligible older men, and provide population-based
evidence to further discern the clinical utility of PSA-based testing among Medicareeligible older men.

The study findings suggest that greater frequency of pre-diagnosis annual PSA
testing is associated with, 1) a statistically significant reduction in the likelihood of
distant PCa diagnosis (positive effect) and 2) a significant decrease in the likelihood of
undergoing expectant management for early-stage PCa (negative effect). Given the high
incidence of metastatic disease among older men, the current study findings regarding the
effect of pre-diagnosis annual PSA testing on stage at diagnosis support the use of
frequent pre-diagnosis annual PSA testing in the older Medicare population. On the other
hand the findings related to the effect of PSA testing on expectant management for earlystage PCa indicate that frequent pre-diagnosis annual PSA testing may exacerbate the risk
of overtreatment. Therefore, overall the current study findings lend support to investigate
new screening methods that will identify and treat clinically significant PCa before
metastases.

Previous studies have evaluated variation in PCa outcomes including stage at
diagnosis and expectant management for early-stage PCa as functions of individual
characteristics, such as race, age, preventive health behavior and comorbidities.
Relatively few studies have evaluated the role of county-level characteristics in the
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variation of these PCa outcomes. This study adds to the existing knowledge by
highlighting the significant geographic variation that exists in stage at diagnosis and
treatment for early-stage PCa across counties after accounting for patient demographics,
preventive health behavior, clinical characteristics and county-level socioeconomic and
health services supply characteristics (Figure 10 and 12). In addition, the effect of prediagnosis annual PSA testing on undergoing expectant management varied based on
geographic location indicating that individual response to treatment receipt following prediagnosis annual PSA testing varied based on where they lived at the time of diagnosis.
These findings indicate that PCa outcomes are not entirely determined by screening and
other individual-level characteristics but also contextual characteristics that impact health
services utilization and preventive health behavior.

Variation in county-level resources can have a significant impact on PCa outcomes.
Each county in the U.S. represents a unique healthcare environment governed by local
and regional politics, social systems, and health services infrastructure. These
characteristics interact with individual predisposing, need and enabling characteristics to
determine health services use and subsequent PCa outcomes. Therefore, the observed
variation in PCa outcomes across counties highlights the differences in health care
environments, and the reciprocal relationships between individuals and their
environments leading to disparities in PCa outcomes (Figure 11 and 13). Thus, the
current findings also indicate that location-based interventions and policies might play an
important role in reducing geographic disparities in PCa outcomes among Medicare
eligible older men.
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Most evidence-based programs and policies for disease prevention in the U.S. are
operationalized through local health departments (LHD) (e.g. location specific obesity
prevention programs). LHDs are uniquely positioned to implement location-specific
prevention efforts by institutionalizing evidence-based practice at the local level,
cultivating community advocacy and partnerships, and adapting and developing programs
and policies to the unique context of the counties.169 Therefore, county-specific needs to
reduce geographic disparities in PCa outcomes could potentially be operationalized
through LHDs. The current findings show that patients living in high SES and HSSF
areas may benefit more from the provision of information on the nature and magnitude of
the trade-off involved with pre-diagnosis annual PSA testing, while in low SES and
HSSF areas equitable access to health care workforce, facilities and screening services
might be necessary to reduce disparities in PCa outcomes. However, further research is
needed to inform county-specific interventions and policies to ultimately reduce
geographic variation in PCa outcomes among older men.

Area-level measures of socioeconomic deprivation and health care resource scarcity
play an important role in describing aspects of social organization or stratification.69,99,170173

The need to re-align health care resource allocation with demand for health care must

be accompanied by the development of better tools to understand where the demand is
greatest and supply is limited. Therefore, two new, easily reproducible county-level
indices were developed in the current study according to a priori8 criteria to provide costeffective analytical tools for providing evidence-based justification for resource
allocation. The gradients detected by applying the tools in the PCa setting demonstrate
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the utility of the indices in identifying areas for which resources could be allocated to
improve delivery of preventive health services as well as areas where patients would
benefit from the provision of adequate information on risks and benefits of early PCa
detection.

County-level health services supply was associated with both stage at diagnosis and
expectant management for early-stage PCa, where decreasing availability of health care
services was associated with a higher likelihood of distant PCa diagnosis and higher
likelihood of undergoing expectant management for early-stage PCa. The effect of health
services supply may manifest itself as greater access to health care and screening, quality
of care, and timeliness of diagnosis and treatment receipt. The additional effect from
county-level health care resources suggests that regardless of individual characteristics
and health motivation held by individuals (measured by preventive health behavior, e.g.,
pre-diagnosis annual PSA testing, colon cancer screening), the availability of health care
services within counties can continue to influence stage at PCa diagnosis and treatment
for early-stage PCa. This further highlights the importance of developing locationspecific screening guidelines and recommendations which incorporate the effect of
contextual and structural factors at the county-level.
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8.

Appendix

Appendix 1: Descriptions of health services supply characteristics108,174

139

Appendix 1: Continued
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Appendix 2: The number of health care facilities and providers in counties with more
than 50,000 residents.

a.
b.

Number of counties with more than 50,000 residents.
Number of counties with more than 50,000 residents in SEER covered counties.

HMO Health Maintenance Organization, SEER Surveillance, Epidemiology, and End Results
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Appendix 3: Factor loadings and fit statistics for composite county-level indices
constructed using measures identified by Yost, 60 Krieger, 84 Dayal, 67 Robert, 98 SaldanaRuiz, 68 Singh, 103 and Rubin 70
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a.
b.
c.

d.
e.

White-collar occupations include management, professional, and related occupations.
Working class includes sales and office occupations, construction, extraction, and maintenance
occupations and, production, transportation, and material moving occupations.
A weight of 16 was applied to the proportion of persons in the county with a college education (pc); 12
was applied to the proportion with a high school education (phs) ; and nine was applied to the
proportion with less than a high school education (po). The average years of schooling in a given
county, (E) = (16*pc) + (12*phs) + (9*po).
Income disparity in year 2000 was defined as the 100×ratio of number of households with < $10 000
income to number of households with ≥$75 000 income.
Geographic level and US census years used to extract data in the original study to develop the index.

N Number of counties in 2000 US census, SES Socioeconomic status, HH Household, N/A Not Applicable
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Appendix 4: Description of counties and registries covered by SEER in 2000-2004

a.

Column percentage= (Number of distant and localized/regional prostate cancer patients in the given
state)/ Total number of distant and localized/regional prostate cancer patients in the full sample)*100

SEER Surveillance, Epidemiology, and End Results, n Total number of prostate cancer cases diagnosed
SEER covered counties, N Number of counties
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Appendix 5: Scree plot for the SES index
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Appendix 6: Scree plot for the HSSF index
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Appendix 7: Factor loadings of the initial three-factor SES model including all the
candidate variables extracted from the 2000 US census.
SES domain

Factor loadings for the first four factor
model with all the candidate measures
(N=3,141)

County-level SES measures

% white-collar occupationsa
% less than 9 years of education
% aged ≥ 25 years and ≤12th grade
of education
Education
% aged ≥ 25 years and ≥ 4 years
of college
Education index (weighted school
years)b
% aged ≥ 16 years who are
Employed
employed
% of persons below 150 % of
poverty line
Poverty
Families below poverty level
% of persons below poverty line
Median family income
Income disparityc
Median household income
Income
% of total HH income in the area
derived from interest, dividends,
and net rent
% home ownership
Ownership
% car ownership
% no telephone
% of HHs w/more than one person
Living crowdedness per room
% of HHs w/o private plumbing
Median house value
Median rent
House
Median monthly mortgage
% home worth ≥ $300 k
% of common variance explained
TLI
Occupation

a.
b.

c.

0.584
-0.801

0.532
-0.243

-0.038
0.090

-0.881

-0.312

0.223

0.766

0.443

0.184

0.879

0.368

-0.032

0.767

-0.152

-0.081

-0.910

0.376

0.116

-0.894
-0.877
0.918
-0.906
0.897

0.318
0.391
-0.221
0.238
-0.300

0.214
0.232
0.228
-0.268
0.266

0.685

-0.070

0.315

0.521
0.577
-0.815

-0.250
-0.047
-0.016

-0.117
-0.326
0.083

-0.291

0.207

0.582

-0.560
0.696
0.715
0.730
0.499
80.1%

-0.013
-0.104
-0.073
-0.089
0.081
14.8%
0.791

0.129
0.551
0.565
0.591
0.540
5.1%

White-collar occupations include management, professional, and related occupations.
A weight of 16 was applied to the proportion of persons in the county with a college education (pc); 12
was applied to the proportion with a high school education (phs) ; and nine was applied to the
proportion with less than a high school education (po). The average years of schooling in a given
county, E, is thus E =(16*pc) + (12*phs) + (9*po).
Income disparity in year 2000 was defined as the 100×ratio of number of households with < $10 000
income to number of households with ≥$75 000 income.

SES Socioeconomic Status, N Number of counties, TLI Tucker-Lewis Index
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Appendix 8: Distributions of 3-year age-adjusted prostate, breast, lung and bronchus
cancer incidence rates, by SES and HSSF classes, in 611 counties covered by SEERa
from 2010-2012

a.
b.
c.

SEER data used to assess the gradients detected by SES and HSSF measures included individuals at
least 15 years of age, who lived in counties covered by 17 SEER registries at cancer diagnosis from
2010 to 2012. Alaska Natives, Kalawao County in Hawaii and unknown counties were excluded.
Rates are per 100,000 and age-adjusted to the 2000 US Standard Population (19 age groups).
% Change in incidence rates = ((High-Low category)/High category)X100
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Appendix 9: Factor loadings and fit statistics of the new county-level composite SES and
HSSF indices developed for SEER covered counties
SES
domain
Employed

County-level SES measures
Civilian labor force population aged ≥16 years
employed, % (employment rate)
Families below poverty level, %
Median family income
Education index (weighted school years)a

Factor Loadings
SES index (N=158)
0.816

Poverty
-0.958
Income
0.940
Education
0.774
TLI
1.00
Cronbach’s alpha (Standardized)
0.91
HSSF
County-level HSSF measures
HSSF index (N=158)
domain
Physician offices
0.920
Facilities
Medical and Diagnostic Laboratories
0.809
General Medical and Surgical Hospitals
0.798
Physicians and Surgeons
0.951
Registered Nurses
0.990
Licensed Practical and Licensed Vocational Nurses
0.951
Providers
Pharmacists
0.925
Clinic Laboratory Technologists & Technicians
0.942
Social Workers
0.953
Diagnostic Related Technologists and Technicians
0.955
TLI
0.95
Cronbach’s alpha (Standardized)
0.99
a. A weight of 16 was applied to the proportion of persons in the county with a college education
(pc); 12 was applied to the proportion with a high school education (phs) ; and nine was applied to
the proportion with less than a high school education (po). The average years of schooling in a
given county, E =(16*pc) + (12*phs) + (9*po)
* Statistically significant at the 5% significance level
SEER Surveillance, Epidemiology, and End Results, SES Socioeconomic status, HSSF Health services
supply, N Number of urbanized counties with more than 50,000 residents, TLI Tucker-Lewis Index
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Appendix 10: Scatter plot (SES score vs. HSSF scores) across 914 counties

SES score
3.5
3.0
2.5
2.0
1.5
1.0

HSSF
score

0.5
0.0
-2.5

-2.0

-1.5

-1.0

-0.5

-0.5

0.0

-1.0
-1.5
-2.0
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Appendix 11: Examining cross-level interactions between county-level characteristics
and pre-diagnosis annual PSA testing (Outcome: Stage at diagnosis)
Interaction with SES
Variables

OR

Annual PSA-testing 5 years before diagnosis
4 or more times
2 or 3 times
0.18
0 or 1 times
0.41
Race
White non-Hispanic
African American
1.24
Other
0.65
Age

State Buy-in (at least one month)
Charlson comorbidity index
Zero
One
Two or higher
Missing
Colon cancer screening
No screening over 5 years
1 or more times over 5 years
Annual influenza shots
0- 1 time
2- 3 times
4 or more times
Big Metro/ Urban/Rural location
Big Metro/ Urban
rural

Year
2004
2005
2006
2007
Socio-economic status
Low
2
3
4
High
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SE

P-value

95% CI

0.02
0.02

Reference
0.00
0.00

0.14
0.37

0.23
0.46

1.12
1.49

0.10
0.05
0.00
0.11

Reference
0.01
0.00
0.00
0.00

1.06
0.55
1.11
1.29

1.45
0.75
1.13
1.73

1.04
1.24
1.78

Reference
0.06
0.49
0.08
0.00
0.17
0.00

0.93
1.10
1.48

1.17
1.40
2.14

0.73

Reference
0.06
0.00

0.63

0.86

0.96
0.91

Reference
0.05
0.44
0.06
0.16

0.86
0.81

1.07
1.04

3.42

1.30

Reference
0.00

1.62

7.21

1.13
1.08
0.96

Reference
0.07
0.05
0.07
0.22
0.06
0.52

1.00
0.96
0.84

1.28
1.22
1.09

1.05
0.98
0.91
0.74

Reference
0.65
0.84
0.44
0.02

0.85
0.79
0.73
0.57

1.30
1.21
1.15
0.95

0.12
0.10
0.11
0.10

Variables

OR

Health services supply
Low
2
3
4
High
Cross-level interactions
SES_sysPSA
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SE

P-value

0.96
1.09
1.16
1.46

0.10
0.11
0.12
0.21

Reference
0.66
0.42
0.14
0.01

1.03

0.04

0.38

95% CI

0.79
0.89
0.95
1.09

1.16
1.34
1.41
1.95

0.96

1.11

Appendix 11: Continued
Interaction with health services supply
Variables

OR

Annual PSA-testing 5 years before diagnosis
4 or more times
2 or 3 times
0.20
0 or 1 times
0.41
Race
White non-Hispanic
African American
1.24
Other
0.64
Age

State Buy-in (at least one month)
Charlson comorbidity index
Zero
One
Two or higher
Missing
Colon cancer screening
No screening over 5 years
1 or more times over 5 years
Annual influenza shots
0- 1 time
2- 3 times
4 or more times
Big Metro/ Urban/Rural location
Big Metro/ Urban
rural

Year
2004
2005
2006
2007
Socio-economic status
Low
2
3
4
High
Health services supply
Low
2

SE

P-value

95% CI

Reference
0.00
0.00

0.16
0.37

0.26
0.46

Reference
0.10
0.01

1.06

1.45

1.12
1.49

0.05
0.00
0.11

0.00
0.00
0.00

0.55
1.11
1.28

0.75
1.13
1.72

1.04
1.24
1.78

Reference
0.06
0.49
0.08
0.00
0.17
0.00

0.93
1.10
1.48

1.17
1.40
2.14

0.73

0.06

Reference
0.00

0.62

0.86

0.96
0.92

0.05
0.06

Reference
0.43
0.17

0.86
0.81

1.07
1.04

3.41

1.30

Reference
0.00

1.61

7.20

1.13
1.08
0.96

Reference
0.07
0.05
0.07
0.22
0.06
0.52

1.00
0.96
0.85

1.28
1.22
1.09

1.06
0.99
0.93
0.76

0.12
0.11
0.11
0.10

Reference
0.60
0.94
0.54
0.03

0.86
0.81
0.75
0.59

1.31
1.22
1.17
0.97

1.46

0.22

Reference
0.01

1.09

1.97
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0.03
0.02

Variables

3
4
High
Cross-level interactions
HSSF_sysPSA

OR
SE
1.16
0.12
1.09
0.12
0.96
0.10
1.00
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0.04

P-value
0.15
0.43
0.66
0.99

95% CI
0.95
1.42
0.88
1.34
0.79
1.16
0.93

1.08

Appendix 12: CPT and ICD9-CM codes used to identify prostate cancer treatment
Procedure

CPT/ HCPCS codes

ICD9-CM codes

Radical prostatectomy

55810, 55812, 55815, 55840, 55842,
55845, 55866

60.4, 60.5, 60.62

Radiation therapy and
brachytherapy

55859, 55860, 55862, 55865, 55875,
76873, 76965, 77373, 77380, 77381,
77401, 77402, 77403, 77404, 77406,
77407, 77408, 77409, 77411, 77412,
77413, 77414, 77416, 77417, 77419,
77420, 77421, 77425, 77427, 77430,
77431, 77435, 77470, 77499, 77520,
77522, 77523, 77525, 77750, 77761,
77762, 77763, 77776, 77777, 77778,
77781, 77782, 77783, 77784, 77785,
77786, 77787, 77789, 77790, 77799,
C1164, C1174, C1325, C1350, C1700,
C1701, C1702, C1703 C1704, C1705,
C1706, C1707, C1708, C1709, C1710,
C1711, C1712, C1715, C1716, C1717,
C1718, C1719, C1720, C1728, C1790,
C1791, C1792, C1793, C1794, C1795,
C1796, C1797 C1798, C1799, C1800,
C1801, C1802, C1803, C1804, C1805,
C1806, C2632, C2633, C2634, C2635,
C2636, C2638, C2639, C2640, C2641,
C2642, C2643, G0256, G0261, Q3001,
G0174, 77418, 0073T

92.20, 92.21, 92.22, 92.24,
92.27, 92.33, V58.0

Androgen-deprivation
therapy

C9430, J1675, J1950, J3315, J9202,
J9217, J9218, J9219, J9225, J9226,
Q2020, S0133, S9560, 11980, 11981,
11982, 11983, 96400, 96402, G0356,
C9216, J0128, S0165, J0970, J1000,
J1056, J1380, J1390, J1410, J9165,
J9155, 54520, 54522, 54530, 54535

62.3, 62.4, 62.41, 62.42,
99.24

Cryotherapy

55873, G0160

60.62

CPT codes used to identify PSA tests and prostate biopsy.
Procedure

CPT/HCPCS codes

PSA

84152, 84153, 84154, G0103

Prostate biopsy

55700, 55705, 55706, 0137T
155

Appendix 13: Sample characteristics of Medicare-eligible older men diagnosed with
localized/regional prostate cancer in 158 SEER covered counties, stratified by frequency
of pre-diagnosis annual PSA testing, 2004-2007
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Appendix 13: Continued
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Appendix 13: Continued
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a.

b.
c.
d.
e.
f.
g.
h.

First type of treatment received within the first 2 years of prostate cancer diagnosis. Definitive
treatment includes radiation therapy, radical prostatectomy, cryotherapy, and androgen deprivation
therapy. Expectant management was defined as lack of definitive therapy within the first two
years of diagnosis. Receipt of active surveillance was defined based on the presence of claims for
≥ 2 PSA tests and ≥ 2 prostate biopsies within the first two years following prostate cancer
diagnosis (N=487). All other patients in the expectant management group were defined as having
received watchful waiting (N=7,210).
N represents the number of patients.
Radiation therapy includes, external-beam radiation therapy (EBRT), brachytherapy, and intensitymodulated radiation therapy (IMRT).
The p-values were calculated using chi-squared tests.
Col. %: Column percentage is calculated as the ratio of the frequency count for a single cell to the
total frequency count for the column that contains the cell. The ratio is represented as a percentage.
E.g. Col. % for White non-Hispanics distant prostate cancer= (1,768/2,309)*100=76.57%
Other includes Asian, Hispanic, American Indian/Alaska Native, and Unknown.
Other preventive health behavior assessed over a period of five years prior to prostate cancer
diagnosis.
During the 12-month period prior to prostate cancer diagnosis.
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Appendix 14: Sample characteristics of Medicare-eligible older men diagnosed with
localized/regional prostate cancer undergoing expectant managementa in 158 SEER
covered counties, 2004-2007

Variable

Row.d %

Watchful
Waiting
(Nb=
6,362)
Row.d %

74.06
9.95
15.98

5.58
3.28
6.51

94.42
96.72
93.49

35.46
32.28
32.26
55.82
8.79

8.80
5.48
1.89
5.80
3.04

91.20
94.52
98.11
94.20
96.96

37.40
29.75
32.84

9.13
5.39
1.45

90.87
94.61
98.55

13.64
86.36

9.91
4.80

90.09
95.20

Full sample
(Nb= 6,732)
N

Individual-level characteristics
Demographics
Race
White non-Hispanic
4,986
African American
670
e
Other
1,076
Age at diagnosis
70-74
2,387
75-79
2,173
80+
2,172
Married
3,758
State Buy-in (at least one month)
592
Preventive Health Behavior f
Annual PSA testing 5 years before diagnosis
4 or more times
2,211
2 or 3 times
2,003
0 or 1 times
2,518
Colon cancer screening
1 or more times over 5 years
918
No screening over 5 years
5,814
Annual influenza shots
4 or more times
3,270
2- 3 times
1,606
0- 1 time
1,856
Clinical Characteristics
(Baseline)
Gleason grade
≤6
4,410
7
1,705
8-10
617
Clinical tumor classification
T1
3,904
T2
2,828
No. of PSA tests 2 years following diagnosis
0
1,888
1-3
2,378
4-8
2,317
>8
149
Mean no. (SD)
2.72
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%

Active
Surveillance
(Nb= 370)

pvaluec

0.01

<0.01

0.22
<0.01
<0.01

<0.01
0.14
48.57
23.86
27.57

5.26
6.48
5.06

94.74
93.52
94.94
<0.01

65.51
25.33
9.17

7.05
2.99
<5

92.95
97.01
>5
0.03

57.99
42.01

4.99
6.19

95.01
93.81

28.05
35.32
34.42
2.21
(2.54)

0.00
4.12
10.53
18.79
4.95 (2.26)

100.00
95.88
89.47
81.21
2.59 (2.50)

<0.01

Full sample
(Nb= 6,732)

Variable

N

%

Active
Surveillance
(Nb= 370)
Row.d %

Watchful
Waiting
(Nb=
6,362)
Row.d %

g

Charlson comorbidity index
Zero
One
Two or higher
Missing
Performance status proxies h
Year i
2004
2005
2006
2007
County-level characteristics
Big Metro/ Urban/Rural
location
Big metro
Urban
Rural
Socio-economic status
High
4
3
2
Low
Health services supply
High
4
3
2
Low
a.

b.
c.
d.
e.
f.
g.
h.
i.

pvaluec

<0.01
3,738
1,396
1,041
557
1,566

55.53
20.74
15.46
8.27
22.18

7.01
4.80
3.84
<5
3.56

92.99
95.20
96.16
>5
96.44

1,656
1,575
1,712
1,789

24.60
23.40
25.43
26.57

4.11
4.44
5.90
7.32

95.89
95.56
94.10
92.68

<0.01
<0.01

0.28
6,327
386
19

93.98
5.73
0.28

5.60
4.15
0.00

94.40
95.85
100.00

1,571
1,277
1,299
1,303
1,282

23.34
18.97
19.30
19.36
19.04

7.70
5.48
5.39
4.60
3.82

92.30
94.52
94.61
95.40
96.18

1,514
1,817
1,144
1,261
996

22.49
26.99
16.99
18.73
14.80

4.29
5.83
6.56
6.11
4.72

95.71
94.17
93.44
93.89
95.28

<0.01

0.06

Expectant management was defined as lack of definitive therapy (radiation therapy, radical
prostatectomy, and androgen deprivation therapy) within the first two years of diagnosis. Receipt
of active surveillance was defined based on the presence of claims for ≥ 2 PSA test and ≥ 2
prostate biopsies within the first two years following prostate cancer diagnosis (N=416). All other
patients in the expectant management group were defined as having received watchful waiting
(N=6,644).
N represents the number of patients.
The p-values were calculated using chi-squared tests.
Row %: Column percentage is calculated as the ratio of the frequency count for a single cell to the
total frequency count for the row that contains the cell. The ratio is represented as a percentage.
Other includes Asian, Hispanic, American Indian/Alaska Native, and Unknown.
Other preventive health behavior assessed over a period of five years prior to PCa diagnosis.
During the 12-month period prior to prostate cancer diagnosis.
Use of walking aid, wheelchair, oxygen, skilled nursing facility or hospitalizations during the 12month period prior to prostate cancer diagnosis.
Year of prostate cancer diagnosis.
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Appendix 15: Examining cross-level interactions between county-level characteristics
and pre-diagnosis annual PSA testing (Outcome: treatment for early-stage for PCa)
Interaction with SES
Variables

SE

0.49
0.62

Reference
0.03
0.00
0.02
0.00

0.43
0.58

0.56
0.67

1.22
1.33

Reference
0.07
0.00
0.06
0.00

1.09
1.21

1.36
1.45

1.74
2.64
3.67
0.83

0.06
0.11
0.20
0.05

Reference
0.00
0.00
0.00
0.00

1.63
2.44
3.29
0.74

1.87
2.86
4.09
0.92

1.01
1.16
10.58
1.29

0.04
0.05
0.94
0.05

Reference
0.77
0.00
0.00
0.00

0.94
1.06
8.89
1.19

1.09
1.26
12.59
1.39

0.89

0.04

Reference
0.00

0.82

0.96

0.82
0.84

Reference
0.03
0.00
0.03
0.00

0.77
0.78

0.88
0.91

1.08
1.14
1.19

0.04
0.05
0.05

Reference
0.06
0.00
0.00

1.00
1.05
1.10

1.17
1.23
1.29

0.33
0.18
1.46

Reference
0.01
0.00
0.01
0.00
0.12
0.00

0.31
0.16
1.25

0.35
0.20
1.71

Annual PSA testing 5 years before diagnosis
4 or more times
2 or 3 times
0 or 1 times
Race
White non-Hispanic
African American
Other
Age
70-74
75-79
80-84
85+
State Buy-in (at least one month)
Charlson comorbidity index
Zero
One
Two or higher
Missing
Performance status proxy
Colon cancer screening
No screening over 5 years
1 or more times over 5 years
Annual influenza shots
0- 1 time
2- 3 times
4 or more times

Pvalue

OR

95% CI

Year
2004
2005
2006
2007
Gleason score at diagnosis
≤6
7
8 to 10
Missing
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Variables
Clinical tumor classification at diagnosis
T1
T2
T3/T4
Unknown
Socio-economic status
High
4
3
2
Low
Health services supply
High
4
3
2
Low
Cross-level interactions
SES_sysPSA

Pvalue

OR

SE

0.74
0.31
0.28

0.02
0.03
0.17

Reference
0.00
0.00
0.03

0.69
0.25
0.09

0.78
0.38
0.90

1.06
1.16
1.15
1.18

0.13
0.12
0.13
0.13

Reference
0.64
0.16
0.22
0.14

0.84
0.94
0.92
0.95

1.34
1.42
1.43
1.47

1.04
1.21
1.24
1.31

0.15
0.12
0.12
0.13

Reference
0.79
0.06
0.02
0.01

0.79
0.99
1.03
1.09

1.37
1.48
1.49
1.59

1.03

0.04

0.96

1.11
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0.38

95% CI

Interaction with health services supply
Variables

95% CI

SE

0.49
0.62

0.03
0.02

Reference
0.00
0.00

0.43
0.58

0.57
0.67

1.22
1.33

0.07
0.06

Reference
0.00
0.00

1.10
1.21

1.36
1.45

1.74
2.64
3.67
0.83

0.06
0.11
0.20
0.05

Reference
0.00
0.00
0.00
0.00

1.63
2.44
3.29
0.74

1.87
2.86
4.09
0.92

1.01
1.16
10.57
1.29

0.04
0.05
0.94
0.05

Reference
0.77
0.00
0.00
0.00

0.94
1.06
8.88
1.19

1.09
1.26
12.57
1.39

0.89

0.04

Reference
0.00

0.82

0.96

0.82
0.84

Reference
0.03
0.00
0.03
0.00

0.77
0.78

0.88
0.91

1.08
1.14
1.19

0.04
0.05
0.05

Reference
0.06
0.00
0.00

1.00
1.05
1.10

1.17
1.23
1.29

0.33
0.18
1.46

Reference
0.01
0.00
0.01
0.00
0.12
0.00

0.31
0.16
1.25

0.35
0.20
1.71

0.74

0.02

Reference
0.00

0.69

0.78

Annual PSA testing 5 years before diagnosis
4 or more times
2 or 3 times
0 or 1 times
Race
White non-Hispanic
African American
Other
Age
70-74
75-79
80-84
85+
State Buy-in (at least one month)
Charlson comorbidity index
Zero
One
Two or higher
Missing
Performance status proxy
Colon cancer screening
No screening over 5 years
1 or more times over 5 years
Annual influenza shots
0- 1 time
2- 3 times
4 or more times

Pvalue

OR

Year
2004
2005
2006
2007
Gleason score at diagnosis
≤6
7
8 to 10
Missing
Clinical tumor classification at diagnosis
T1
T2

164

0.03
0.17

Pvalue
0.00
0.03

0.25
0.09

0.38
0.90

0.12
0.13
0.12
0.13

Reference
0.71
0.25
0.18
0.15

0.83
0.92
0.94
0.94

1.31
1.41
1.41
1.46

1.06
1.24
1.22
1.33

0.15
0.12
0.13
0.13

Reference
0.71
0.02
0.05
0.00

0.79
1.03
1.00
1.09

1.41
1.50
1.50
1.62

0.99

0.02

0.95

1.03

Variables

OR

SE

T3/T4
Unknown
Socio-economic status
High
4
3
2
Low
Health services supply
High
4
3
2
Low
Cross-level interactions
HSSF_sysPSA

0.31
0.28

1.04
1.14
1.15
1.18
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0.61

95% CI

9.
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